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The Economics of the Agriculturatr
Extension Service*

YOAY KISLEV

Early reports indicate the existence of an

agricultural extension service in India in
the thirteenth century.l Today the service

is found in almost any country, but the

intensity of its operation varies even among

the more developed ones. (Expenditure on

advisory work per persotr aetively employ-

ed in agriculture ranged in l5 OECD coun-
tries in 1966 from $0.80 in Greece to $54.18

in the U.S.,.and expenditure on advisory
work as percentage of the gross agncul-

tural product at factor cost ranged from
0.114 in Greece to 1.034 in Norway.2 This
kind of service is newer and the variety is

'This is aconsiderably revised version of Workiog
Paper 6903 of the Center for Agricultural Econom-
ic Research, Rehovot, Israel, I am indebted to
Sara Molcho for drawing my attention to this
subject. I have benefited much from discussions
with A. Elkana and R. Evensou aod eomments
made by E. Berglas and A. Gilshon. The criticisms
of anonymous referees were cotrtructive and help-
ful. fhs rcrn3ining shortcomitrgs are my own. ThiC

work was 6nansed, in part, by a grant from the
United States DepartmeBt of Agriculture under
P.L.480 to the Hebrew University and completcd
during my stay at the Economic Growth Center,

Yale University.

I Dorris D. Brown, Agricttltural Developmcnt

in India's Districts (Cambridge: Harvard Univer-
sity Press, l9'l l), p. 2.

2 Organization for EconomicCooperation and

Development, Agricultwal Advisory Servr'ces, No.
90 of Documentatioa in Agriculture and Food
(Paris: OECD, l96E), p. 73.

probably larger among the developing

countries.
The agricultural extension service is a

system that collects, sorts, and sometimes

even produces knowledge. The knowledge

accumulated by the service is redistributed
to farmers. Like the processing and market-
ing industries which transfer products and

factors from producers to buyers, the ex-

tension sorvice acquires knowledge from
various sources and passes it on, mostly in
a new form, to the producers. The accu-

mulation and distribution of knowledge re-
quires substantial expenditures, diverting
economic resources from other uses, while

the knowledge thus transferred is of cco'
nomic value as it raises productivity.

Although several empirical economic

studies that dealt with extension together

with research or education have been re-
ported (some of them will be cited below),

no comprehensive theoretical framework
has yet emerged. This work is an attempt
to suggest an outline for the economic the-

ory of the extension service.

Some aspects of extension operations

have beeu studied by sociologists. One of
the major lines of these studies is the diffu-
sion-of-innovation approach, connected
particularly with the name of Rogers.s

3 Everctt M. Rogcrs, Ditusion ol huovatbu
(New York: Tbc Frec Prcsg of Glcacog 1962).
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While this approach sheds interesting light
on the dynamics of technical progress in
agriculture, one of the main themes of the
present assay is that the role of extension
is much more complex than the mere im-
portation of better ideas, tools and mater-
ials into the farming sector.a

The public extension service is not the
only channel of agricultural knowledge.
Oral communication, professional litera-
ture, commercial advertising and school-
ing are other, not less important, sources of
information to the farmer. The present

analysis concentrates on the public exteu-
sion system; the other components of the
"farm knowledge industry" will be discuss-

ed only to cover their relations with the
extension service.

The term "extension seryice" covers a

host of possibilities. In India it is a com-
munity-development organization ; in Chile
there are a dozen or so such agencies;5 in
the U.S., and as a result in many other
countries, the service covers 4-H clubs,
home economics and lately even urban-
nutritional education.6 The American serv-

ice is mostly an "extension" of research

and educational institutions. In other

4 Compare to Rogers' statement: The thesis ol
the present report is that the problem ofpersuading
p€asants to adopt innovations can profitably be ap-
proached as a communicatiotr problem. The con-
tent of the message exist. We know rviat is to
be communicated to the peasatrt, bui we do not
know iorv to do so most effectively." @verett M.
Rogers, Joseph R. Ascroft and Hiels G. R.oling,

Difusion of Innovation in Brazil, Nigeria and India,
Diffusion of Innovation Research Report 24 [East
Lansing: Michigan State University, Department
of Comm.nication, 1970], 1-2).

5 Marion R. Brown, "Agricultural 'Extension'
in Chile: A study of Institutional Transplantation,"
The Jouraal of Developing Areas,4 (January, 1970).

6 Keo D. Duft, '"The Team Approach and

Extension Economics," The American loural of
Agricultwal Ecotwmics, 53 (February, 1971).
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countries it is often an agricultural advisory
department in the Ministry of Agriculiure.
The model discussed here is of a single,

centrally administrated, government serv-
ice supplying technical and econornic in-
formation to the farmers. The problems
involved with its administrative structure
and affiliation with the other functions
often undertaken by the service are left to
another occasion. The discussion is on the
economics of extension work; the social,
educational and political issues of this
subject are not dealt with here. A special
effort has beerr made to limit the use of
technical terms and to explain those that
had to be iritroduced. (A technical expo-
sition is relegated to the Appendix). It is
therefore hoped that the analysis will be
comprehensible to readers who are aot
economists.

Knowledge

Since knowledge is the "commodity"
that the extension service distributes, a
proper analysis of the operation of the
service should start with the subject of
knowledge and its place in agriculture"
This brief and somewhat sketchy discus-

sion will follow Arrow, Boulding, Machlup,
Nordhaus, Schultz and Welch.T

7 Kenneth J. Arrow, "Economic Welfare and
the Allocation of Resources for Invention," in
The Rate and Direction of Inventive Activity, ed. by
fuchard R. Nelson (Priocetol: Princeton Uaiver-
sity Press, 1962).

Kenneth E. Boulding, The Inage (Ala Arbor:
The Uaiversity of Michigan Press, 195@.

Fritz Machlup, The Production and Distribution
of Kttowledge in the United ,Srdres (Prhceton:
Princeton Uaiversity Press, 1962).

William D. Nordhaus, Invention, Growth and
Welfare: A Theoretical Treatment of Technological
Chanee (Cambidge: The M. I. T. Press, 1969).

T. W. Schulta Tronsforming Ttaditional Agricul-
trra (New Haven: Yale University Press, 1964).

Finis Welch, "Education in Production " Jozr-
nal of Political Economy, TS (Jaouary, 1970).



The stock of knowledge is, no doubt, a

factor of production - the more of it, the

higher the productivity of the other fac-

tors. This stock grows-additional know-

iedge accumulates through deliberate aod

unintentional investment. Like other stocks

of capital, knowledge is subject to attrition,
deterioration and obsolescence. Part ofthe
knorvledge is simply forgotten, part is lost

through retirement, death or out-migra-

tion. Obsolesceoce occurs to those parts of
the stock of knowledge whose importance

declines or vanidhes with changes in the

methods of Production.
The stock of knowledge is a very partic-

ular form of capital. There is no direct

wear or tear of knowledge through use.

It can and is bought, sold and transferred

from one party to another' Unlike a ma-

chine or a piece ofland, however, the use of
knowledge by one person does not exclude

it from being used by another. The trans-

feror of knowledge may lose his position as

an exculsive owner but not the ability to

continue to make use of the knowledge he

transferred. (In a limited number of cases,

such as patent saies, legal restrictions are

imposed. These are uot, however, restric-

tions on the use ofknowledge as such, but

rather on the lines of activity to which

the knowledge can be Put).
The stock ofknowiedge ofthe individual

is a complex phenomenon. (In his fascinat-

ing analysis, Boulding preferred the image

wirich the individual has of the world to

the narrower term stock of knowledge.)

This stock includes facts (the grass is green)

and consequential inferences (irrigation in-

creases corn yield) and it includes the abil-

ity to analyze new hypothetical situations

aod events. There is a subjective quality

dimension to the components of this stock

- the individual is certain about parts of it
and is more vague abouf '*-&ers-aod ihis

dimension is part of his stock; he knows

that he is uncertain about some aspects of
his knowledge. The stock.of knowledge is

modified by information gathered.from ex-

perience or through the social channels of
communication. Part of this stock is the

mechanism which judges incoming infor-
mation. A messageisjudged as relevant or
unimportant. Depending on its source, in-
tensity and agreement with previous know-
ledge, a message is assessed as a more or a
less arcurate description of the real world.

Messages compatible with previous know-
ledge will substantiate it and increase sub-

jective confidence (decrease uncertainty).

Other messages will operate in the opposite

direction.
Society's stock of knowledge is some

average ofthe individuals'stocks. The fre-

quently used term "frontiers of knowledge"
is uot at all an unambiguous one, but can

serve well to describe the best, most sophis-

ticated and accurate parts of society's teclb

mreal knowledge. In a dynamic and progres-

sive world, the frontiers expand through
research, borrowing, innovation and ex-

perience. Interchange of ideas, schooling,

extension, consultation and common expe-

rience operate to transmit messages among

individuals and close the gaps between the

individual and the social stock (ofrelevant)

knowledge. As the frontiers of knowledge

expand, and since the dissemination of in-
formation is not instantaoeous, most indi-
viduals find themselves constantly modify-
ing and increasing their knowledge but are

always behind the best parts of society's

stock. Being experienced, the individual is

aware of the relative gaps in his knowledge

and uncertain about its accuracy. In a tech-

nically stagnant society, on the other hand,

most messages confirm previous expe'

rience, most knowledge is commonlY

sh*r.rd and confidence in it is high.



Not only is the individual aware of the
content and credibility of the messages he
receives - collects will sometimes be a bet-
ter term - he is also not indifferent to
their form. It is probably almost effortless
to absorb new information in a casual chat;
but such a conversation is a very extensive
mode of communication, loaded with a
substantial "noise" component of personal
opinions. Reading research reports - news
from the frontiers of knowledge-requires
a concentrated intellectual effort, but the
prize is objective observations on up.
to-date problems. As schooling, income
and alternative cost of time rise, individ-
uals seek condensed, trustworthy sources

of information - they may turn to profes-

sional literature, for example.

Knowledge in Agriculture

Much of the new agdcultural knowledge
is created in laboratories and experimental
stations; some of it in the public sector,

the other part in private business. Broadly
speaking, the farmer makes use of tlio
kinds of knowledge- both affecting has

productivity. The first is, in general, not part
ofhis own personal stock ofknowledge but
is embodied in the inputs and capital goods

he employs. This category includes the
engineering knowledge embodied in the
tractor, the genetics in the hybrid seeds and
the chemistry in the fertilizers. The second

class is farming knowledge proper: how to
cultivate a field, to grow corn or to market
the products.

The boundary lines between the classes

ofknowledge are not at all clear cut. There
is a whole spectrum ranging from informa-
tion vital to farming (corn is not planted in
the winter, to take a wlgar example) to
knowledge that has no direct relevance to
farming what-so-ever (the optic of the
microscope in the research station). This is

EO

rc:- :i'i1i,,is:orl between the so-cailed appiied
anci sc,ieatiflc knowledge; purely acaderlic
information to the farmer can be appiied
in the production of farm inputs. The
demarkation lines between the classes are
further blurred by the fact that an impor-
tant component of farming knovrledge is

the ability to choose the right combination
of inputs and outputs, and in this choice
the farmer has to take into account the
economic and technical features of inputs
and capital goods that embody seemingly
irrelevant knowledge.

A very similar, but not always identical,
distinction can be made between.factual
ar,d perceptive knowledge. The first term
applies to knowledge about the observable
fact, such as flowers bloom in the spring,
and the second to theoretical, behind the
scene knowledge (blooming is determined
by length ofday). Factual knowledge may
suffi.ce for operational purposes but it is
perceptive knowledge which is required to
make decisions when confronted with new,
hitherto unexperienced, situations.

In the division between the producer's
stock of knowledge and that embodied in
inputs, agriculture does not differ from
manufacturing or services. In another im-
portant respect agriculture is unique. Agri-
culture, probably much more than any oth-
er line of production, is characterized by
extremely diversified production condi-
tions (soil, climate, topography-to name
the obvious). Moreover, agriculture is a
struggle against nature and in this struggle
nature turns out to be a very flexible fight-
er, reacting often unexpectedly and vigor-
ously to man's innovatioas and upsetting
its balance (new strains of diseases and
insects as a reaction to resistant varieties
and chemicals). As a result, agricultural
knowledge is created in the field - on the
production line - to a much larger extent



ihaii il .:ur.:iui'aciuring. Ol course, agricul-

:rile ai:r l'.lo\e5 tJ\\ard proouction in con-

;rolied environnrents*-eggs are ploduced in

almost factory-like conditions, vegetables

are grown in hot-houses. But crops, fruits

and forages are stili grow! in the open

fields and will continue to be so for some

time to come.

Because of the extremely diversified pro-

duction conditions, the first task of the

agricultural research is the exploration of

these conditions. Historically, one can see

a gteat share of agricultural research as

charting maps of production conditions'

Soil and climatological classifications come

immediately to mind, but varieties and

stock studies are explorations of a similar

general nature' As agricultural science pro-

gressed, borrowing from the other advanc-

ing braoches of science, the explorations

and the mappings became more sophistica-

ted and grew in dimensions' Today much

is known on the production conditions in

agriculture .- for some areas' needless to

say, more than for others - and a great

part of the advanced agricultural research

slowly moves towards exploring and map-

ping "production conditions" in the very

basic areas of production - plant and ani-

mal physiology, the genetic code, the bio-

chemistry of viruses. The knowledge aocu-

mulated here has, in most cases, no specific

locality features.

Innovations, whether they come from

the scientific, mostly publicly fi'nanced, re-

search or from the commercial R & D

laboratories, are conceived and prepared

in research institutions under controlled

environments' It is the knowledge which has

already beea accumulated about the field

that permits direct application of labora-

tory results to the farm, but the ultimate

technological atrd economic test is still in

ihe fie1d aad has stjll to be carried out sep'

arately for dift'erent localities.

Parts of agricultural krowledge are hard-

ly appropriatable, no single individual can

successfully establish ownership of this

knowledge. These parts form cases ofpub'
lic goods which, for maximum efficiency,

should be supplied by the government'

Other parts are more efrciently dealt with

by the private sector. What should be the

area taken by the public research and what

shouid be left to private R & D depends on

the nature of the knowledge and its use on

the farm. It seems that private industry has

a clear advantage over the public sector in

engineering. An interesting example from

the biological fields is that ofthe develop-

ment of hybrids of wheat and maize.s Regu-

larly harvested grains can be used as wheat

seeds for the next seasoa. Thus, once

released by the developer, hybrid varieties

can spread by farmers who will muitiply

their stock, and the developer cannot hope

to cover his cost through the market. Hy-

brid maize seeds, on the other hand, have

to be produced each year anew; the farmer

has to buy them from the producer and he

cannot use last year's grains. It would be

very inefficient to leave the development of
new wheatvarieties to private businesswhile

business handles well the development of
hybrid corn (though usually supported by

supply of new lines from public research)'

Operation of the Extension Service

The extension service employs agricul'

tural experts, most of them with advanced

professional training, and runs special re-

8 For a case study covering this and other as-

pects of the development of com and wheat, see:

Delbert T. Myeren, "The Rockefeller Fouodation

Program in Com and Wheat ia Mexico," ia

Subsistence Agriculture and konomic Devebpmenl,

ed. by Clifton R. Wharton (Chicago: Aldioe' 1969)

t1



fresher cours€s and retraining progxarns.
On their visits to farms, extension agenr:
witness successful and unsuccessiul produc-
tion techniques. This experience is analyz-
ed by the service and the conclusions are,
in turn, redistributed to the farmers. New
knorvledge is supplied to the service by re-
search instituiions and universities.To some
extent, the service produces knowiedge
through field experiments. That produces
and distributes knowledge in agriculture.
The multitude of the channels of agricul-
tural information is not a mere accident;
rather it is a demonstration of the opera-
tion of the division of labor principle, al-
though probably not always to the maxi-
mum efficiency. Schooling provides concen-
trated, basic knowledge. The outflow of
information from scientific institutioss is
mostly in the form of research reports
which are penetrating but narrow in cover-
age. The extension service (a) transmits raw
research results into forms absorbable by
the farmers; (b) selects the information
relevant to iocality and farming conditions;
(e) feeds back information from the field to
the researcher and producer.

In commercialized agriculture, the trans-
mission of knowledge is also tied-in with
the sale of farm inputs. The seller has to
convince the farmer of the superiority of
his product; it is in his interest the expe-

rience with it will not be disappointing.
He therefore supplies recipes for use along
with his product and often augments them
with personal instruction. Competition for-
ces him to be accurate in his advice. As
(commerciaiization grows the share of pur-
chased inputs to farm income rose in the

9 Finis Welch, "Some Aspects of Strucrural
Change and The Distributional f,ffss1s of Techni-
cal Chaage and Farm Programs," in Benefits and
Burdens of Rural Development (Ames: Iowa State
University Press), Table 9.1.
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U.S., for example. fron.r .320 in l9:,; r,_,

.491 in 1967\,e the sirare of nery kn,-:rvi-
ed_ee supplied through these channcis is
increased.

Thus, private, con.rmercial in[orrnation
is a substilute for the service supplied by
the public extension system; it will bc argu-
ed below that there exists also an element
of complementarity betrveen the two kinds
of information, as between other sources
of information and extension.

The extension service incurs l.arious
kinds ofexpenses. The service pays for the
knowledge it obtains from educational insti-
tutions through rvages and salaries. Connec-
tions with research institutions, retrain-
ing of field workers and similar activities
also have their price tag. The knowledge
collected on the larms is partly a by-prod-
uct ofthe extension and distribution opera-
tions. Processing the accumulated informa-
tion, selecting the correct and important
from tire inaccurate and trivial, and prepar-
ing new knowledge for distribution all
require costly efforts.

This aspect of the operation of the exten-
sion system is generally simple and its
structure can be estimated easily. A well-
organized extension service will keep re-
cords in which one can recognize most oJ
the items mentioned. Estimating the cost of
collecting knowledge on the farms is parti-
cuiarly difficult and this item does not
usually appear separately in the service
accounts.

The cost of the knowledge eollected by
the system varies from source to source.
The system pays the whole cost of know-
ledge produced in the service. If farmers
are willing to cooperate, they, of course,
share the costs. The system pays wages, as

previously mentioned, for the knowledge
acquired by extension workers as students.
The knowledge produced-at cost-in



researlh insiituiicls is obtainable lree: the
only cosl to '.le service is the absorption of
this knoriledge,just as the only cost incur-
red by a houservife receiving free gooCs is
the cost ol going to the market.

Tke Conlribution of Extension Seryice

The contribution ofthe extension service
on the farnr is multi-dimensional. It iacreas-
es the farmer's awareness olnew factors anrl
products, deepens his understanding of agri
cultural proeesses and techniques, guides

in the application of new methods, and
assists in riraking decisions and ehoices. In
terms of the previous discussion, the ser-
vice adds to the farmer's stock of know-
ledge antl increases his judgement ability
and his eonfidence in his knowledge. The
rise in the farmer's krrowledge and under-
standing increases the farm's productivity
both in terms of a higher product from a
given set of inputs and in terms of a better
allocation oi inputs and outputs.lo

Farmers in a dynamic agriculture are

aware of their relative position behind the
frontiers of knowledge and are uncertain
about parts of their knowledge. They will,
therefore, actively seek information and
will hedge against subjective uncertainty
(postpone the use of new seeds, for example,

or over-apply chemicals), thus paying a
premium io terms of actual outlay or in-

10 Welch, in "Education ia Production," stress-

ed the "allocative effect" ofschooling and exten-

sion, arguing that production functioB estimates of
the contribution of these factors are biased down-
wards siace they ioclude oniy what he termed the

"worker's effect," namely, the contribution of
schooling and extensioo, holdiag all otherin puts

coDstant.
For an example of production function esti-

mates see: Zvi Griliches, "Research Expenditures,

Education, and the Aggregate Agricultural Produc-
tioa Function," Americaa Economic Review, 54

(December, 1964).

cnme i:regone (not to be confused with
premium agaiost objective risks, for exam-
ple weather).

Knowledge diffuses. The information
brought bythe extension agentwill reach the
farmer through other channels with a delay
of days or months (or perhaps years in a
less progressive agriculture). Considering a
single bit of information such as an inno-
vation, the contribution of the extension
service is in the advancement of benefits
frorn this information item by a certain
period of time. In a dynamic, progressive
agricrrlture with constantly expanding fron-
tiers of knowledge, extension puts the farm-
er in a (rnoving) position closer to the
frontiers. A steady state may evolve in
which the contribution of the extension
service will be the constant difference in
productivity breught by its operation.

Knowledge being a stock, the effect of
extension is to increase the rate ofits accu-
mulation. If a steady state develops - with
a constant rate of extension and a steadily
improved position of the farmer - the
contribution of the service can be measur-
ed in flow (annuat) terms of increased
productivity against the (annuai) cost of
the flow of services, Otherwise, particularly
with the introduction of the service to new
areas, the contribution has to be assessed

from the time piofile of productivity in-
creases due to the extension operadon,ll

The extension service operates on a large
number of farms in the agricuiturai sector
and its influence reaches many of the pro-
ducers who are not directly reached. If the
system were to operate on only a few
farms, its effect would be to raise the

1l For an example of an estimate of research
and extension contribution in stock terms, see:
Wiilis L. Peterson, "Returtr to Poultry Research in
the Udted States," Journal of Farm Economics,
{.9 (August, 1967).
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productivity of those farms; the additional
small quantities supplied to the markets will
not affect prices. However, as the service

operates through the whole sector, the
quantities reaching the markets increase

substantially or, more exactly, the supply
of agricultural products increases. This
causes a fall in prices.

its distribution. There is, however, one
additional welfare aspect of extension
work: extension can (it not alway does)
reduce income inequalities within the agri-
cultural sector by spreading the best meth-
ods thrbughout the whole sector.

The Demand for Extension Service
When yields are increased, the farmer's

income rises; but when the overall supply -- 
It is convenient to view the operation of

of agricurtural pr"dr."';;;;;:rd;] extension as being conducted in a market

duction in prices .". ;;;-;.';t; for this service' In this market the supply

even reduce farmers,i";;;. ilt;.;: is determined bv the extension service and,

ductivity increases .#;;';;;;r more generallv' bv the public agenices fin-

producrion - u ur"rrroe-rlot-|1,i ;;; 
ancing it' while the demand is a function of

view of the narional ;;;;;d.;il- the willingness and desire on the part of

tional werfar" ,t"*moJlioJ';;-;;; l::*t:t to abso^rb new knowledge through

product is divided u"*-.* t,t.";;;;; thts channel ot'communication'

and the consumers of agricultural products. ., -'0" "*"otion 
service passes on informa-

The latter rec.ir. turg* q-;il;;;;.; I:" 
to the agricultural producers bv visits'

prices, the former, io"r.l]J"tn"i. ;;;;. bv issuing pamphlets' bv radio broadcasts

However, it might n"no., - ",iH;iE lffil::I T:il;Jo;:,:H:H,L".:1X
not only in theory - thlt the farmers' in- to spend time talking to the field worker,
comes will even decline' 

'n.tl."- 
cases, not fistening to the radio, reading the instruc-

only are the fruits of the additional know- a:-
redge shared uy .oo,u*.*-uoi-;;;;;;;;, :ffi'J:-.:T-J;r-"ffi1f;T:"Ir,:,,:i:::
but the new knowledge will cause a redis- quires..unlearning,,probablyalsodemands

*:::#I"ffi ::xil;T,.,'--,'fi lilx*,:,;;i"J:$::L:tr*'JJ,Tt*I
ferently: hadthepricesofagriculturalprod- 

the farmer beneflts from the service only if
ucts not been affected at all,^the only ones he contributes to the general pool, some-
to gain would have been the farmers; since dmes without seeing any direct or immed_
prices decline, there is a process.of redistrib- iate benefit. The lower the cost, in terms of
ution of income. A graphical analysis of effort and time of absorbing knowledge,
these points is given in the Appendix. the more inclined the farmer will be to

From this, one would conclude that it acquire new knowledge.
may not be in the interest of the farm sec-

tor ro expand the crea tio"n il *#ffi; .,.#,"Tfl:31":",:t'J ;:jffii,?}:ili :l:of knowledge. In some cases, this sector
may even want to limit it. Such suggestions 12 Willard Vy'. Cochrane, "Some Further Reflec-

have been made particularly in the United tiom on Supplv Control," Joumal of Farm Econo-

States and with respect to re^search.12 In 'fi,#.S."fi:t::#j3..u".rro.r,.,roward
many respects, the arguments for rortract- aa optimum Rate of Technologicai Change,,,
ing the creation of knowledge aplir: .:.lso to Journal of Farm Economics,46 @ecember, 1964).
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inforn.ration it distributes - the messages

it transmits-is trustworthy. An addition-
al aspect of the quality is the amount of
information that the service can transmit
per action - the intensity of the message'

Roughly speaking, it is the amount the far-

mer receives per hour's visit by an extens-

ion worker, per five minutes of .viewing

television, etc,

The higher the quality of the extension

service, the higher the demand for it. How-

ever, the demand also dePends on the

farmer himself. A well-schooled and know-

ledgeable farmer may find that only seldom

the information in the extension service

pamphlets is new and that there is little to
learn from fieldworkers. The time of such a

farmer is also usually more expensive than

that of his less knowledgeable colleagues;

therefore, he may view an extension organi-

zation as supplying a low quality service at

high cost, while his colleagues judge the

service more favorably. Thus, the greater

the knowledge of the farmer, the less his

demand for the service - unless the quali-

ty is improved. In other words, to keep the

demand for its service, the extensioD sys-

tem has to up-grade its service-probably
througb better extension personnel - as

the knowledge of the farmers increases.l3

Perhaps the most important factor in the

demand for extension service is the rate

of expansion of agricultural knowledge.

The higher this rate is, the faster the change

wiil be in the enviroument in which the

farmer operates and the more he realizes

his need for help in aquiring knowledge

and assisting in the interpretation of the

messages which he receives. Ordinarily, the

better-schooled and knowledgeable farm-

13 This is anunidirectional argumetrt. Thesoci-
ologist, it seems, will argue both ways in saying

that exteDsiol is more effective when agents are

peers ol farme:s"

ers are also the most dynamic; this factor

sometimes outweighs the negative effect

that schooling has on the demaad for ex-

tension. The contribution of the extension

service should be viewed, at least partly, as

an investment since it raises productivity

in future periods. From the point of view

of the receiving farmer, this is an invest-

ment in his own human capital. It follows,

and experience verifies, that younger farm'
ers will show a greater demand for extens-

ion and new knowledge than will their el-

der neighbors.

The reductron in pricesdue to higherpro-

ductivity in the agricultural sector affects

most of those farmers who lag behind in
acquiring new knowledge and in increasing

the efficiency of their operations. To reduce

the harm to his income, such a farmer must

then acquire the new knowledge, improv-

ing his relative position while contributing

to a still further reduction in prices. Since

an individual farmer has a negligible effect

on the market, ignoring new knowledge

means immediate and sometimes severe

harm. One should not expect that farmers

will voluntarily reduce their demand for

aew knowledge.

Cooperation of the Producer with the Ex-

tension Service

Farmers' experiencc is an important
source of information to the extension sys-

tem. The knowledge created within the ser-

vice is usually created in cooperation with

farmers who allow and participate in ex-

periments made on their land. There are

two reasons why a farmer would attempt to
limit the amount of information that he

supplies to the service: (a) cooperation may

be costly aad bothersome; (b) by supplying
information he worsens his relative posi'

tion in the industry. On the other hand, the
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supplier ofknowledge acquires social sta-
tus, something for which people are gener-
ally willing to forego income. There is, of
course, also an understanding of the prin-
ciple of cooperation. Often the farmer sells
his information in exchange for a visit by
the field worker.

Things are very different in the industrial
sector where the number of producers is
substantially smaller and the weight of the
individual producer is much larger. A great
part of the knowledge is specific to the
industrial producer, and he avoids cooper-
ation so as not to contribute to the strength
of his competitors. One often hears of the
spirit of cooperation in the rural commu-
nity. This, together with the fact that pub-
Iic agencies often favor'agriculture, may
perhaps be accepted as an explanation for
the prevalence of extension in agriculture
and its absence in manufacturing. yet, the
economic factors which inibit cooperation
may dominate all other reasons for the
present industrial distribution of extension
activities.

The Creation of Knowledge and the Connec-
tion with the Research System

The extension service does not onlydis-
tribute knowledge but also contributes to
its creation (l5l of the advisory service
personnel in the United Kingdom are en-
gaged in research;l4 in Israel the extension
agent will usually spend one day a week
cooducting fieid trials on farms). This raises
the question of the optimum allocation of
efforts between creation and transmission
of kaowledge and of the division of labor
between the extension and research organi-
zations.

The creation of knowledge is a costly
operation, but it increases the field work-

14 OECD, Agricalfiral Advisory Services, p.79,
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er's comprehension of the problems he
faces, his status and his satisfaction with
his job. The extension service is closer to
the field, to its diversity of conditions and
everyday problems, than is the research
institution. The cooperation of the farmers
:,:ables immediate experimentation to
tackle minor but important problems
without the necessity for comprehensive
research programs as may be the case in
research institutions.

The research organization, on the other
hand, is better equipped with instruments
and knowledge. It is also likely that the
knowledge from this system is more reliable
than that created on the farm, which may
be biased by speciflc local conditions.

While the service meets the fuil cost of
knowledge created in the extension system,
the knowledge it receives from the research
organization is free. This may be one of the
reasons for conflict between the two or-
ganizatioos.

Moreover, the research organizations
are part of the international system pro-
ducing and distributing knowledge which
has developed its own standards, accord-
ing to which the work of a researcher is
judged by his contribution to the knowledge
of the profession, mostly via publication
in international journals. This method,
being operated by human beings, is not
perfect but there is no better indication of
the scientific value of a man's work. Hence,
promotion in research organizations is
generally based on the amount and quality
of published work. This situation creates a
genuine conflict of interest between the ex-
tension worker, looking for answers to pro-
blems raised iu the field today and some-
times not recognilaglfug potential long-run
contribution of moro basic research, and
the research worker trying to make scienti-
fic discoveries which may seem to be rather



remote from practical agriculture. This

conflict is only intensified if both receive

their salary from the same public coffers.ls

In fact, it seems that there are kinds of
knowledge in whose creation the extension

service holds a relative advantage and oth-

ers in which the superiority of the research

organization is unchallenged. The difficul-

ties lie, as usual in the no-man's land where

neither system has an obvious advantage.

Perhaps charging the extension service for
knowledge that it now receives free from

the research organizations will smooth re-

lations between the two organizations.

Government agencies purchase knowledge

from engineering and academic institutions

and there is to a priori reason why such an

arrangemeot should not be successful in

agriculture.

Eficiency of ;he $)stem as a Public Service

Efficiency has many aspects. The manage-

ment of the extension system will mostly

be bothered by the technical aspects of effi-

eiency : optimal size of extension work for-

ce, optimal spatial distribution, aliocation

ofefforts and funds between advice, exper-

imenting and collection of information,

model farm and demonstration against

visits to farms, etc. Though administrative-
ly not simple at all, these questions will be

pu! aside. Another set of issues is directly

connected to the public nature of extension'

It was pointed out above that much of the

knowledge in agriculture should (for maxi-

mal efrciency) be treated as a public good.

A separate question is whether the service

distributing this knowledge should also be

a "public good."
It is not necessary that extension be

15 See for example: R. J. Hildreth, "Tensions

Betweetr Research and Extension Workers -
Three Hypotheses," Joumal of Farm Economics, 47

August, 1%r.

public and run by the government. It could
conceivably be a private, profit-motivated

organization collecting payments from the

receivers ofthe service. The profits ofsuch
an enterprise will be maximized wheri the

marginal revenue gained by employing an

additional field worker equals the marginal

cost entailed in his eraployment. The exten-

sion organization will collect payment only

from the farmers who are in direct contact

with the service, in spite of the fact that tho

new knowledge spreads to others too. Prob-

lems of social justice and distribution aside,

a private profit-oriented organization will
be too small from the point of view of
economic effciency; its size will be deter-

mined by the revenue it can collect while

the benefits of its operation will be greater

than indicated by this criterion to the ex-

tent that knowledge diffuses to farmers not

in direct contact with the service'

The question of private against public

organization is strongly connected with the

issue of the optimal scale in the extension

service. It is not necessary for the service

to be a single economic and administrative

unit, and alarge scale of operation has its

shortcomings. The extension service could

operate in a manner similar to rural medi-

cine or veterinary services, which are usu-

ally run by individuals and not by large

organizations.
The question is whether the scale econo-

mies outweigh the dis-economies' The

strongest argument for a large-scale organi-

zation is the importance of practical expe-

rience in ever creating, testing and modify-

ing the stock of knowledge in agriculture'

The extension service operates here as a

clearing house. Practical experience is most

important in the biological aspects of the

agricultural knowledge. It may be optimal

to have a large-scale public extension

organization that will concentrate mostly
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on the biological aspects of agricultural
production along with private advisory
firms speglrlizing in engineering.

A separate issue is that ofthe burden of
finance in the service. Because the benefici-
aries ofextension cannot always be identil_
fied, collecting payments from the receivers
of the advice will limit the effectiveness of
the service by reducing farmers, demand,
on the one hand, and their willingness to
share their knowledge with their neighbors,
on the other.

A public service could also be financed
by taxes levied on the farm sector as a
whole in a manner unrelated to the amount
of service received by the farmer. The level
of the tax can be determineed so that it will
be exactly sufficient to cover the cost of a
service of optimum size. However, to the
extent that the main beneficiaries from the
new knowledge are the consumers and not
the farmers (apart from their role as con-
sumers), it does not seem just to require
that the farmers alone should shouldei the
burden of the service.

Development

Having discussed various aspects of the
operation of the agricultural extension
service with only incidental references to
the stages of development of the agricul-
tural sector, it will now be worthwhile to
recapitulate the previous analysis in a dis-
cussion focused on the changing role ofthe
extension service as development proceeds.

In a traditional agriculture with a
stagnant technology, the farmer, though
mostly illiterate, is well acquainted with
the production conditions in his environ_
ment. Generations accumulated knowledge
through experience and observatioo. uod
transferred this knowledge in an oral, estab-
Iished tradition. Uncertainty with respect
to this knowledge is very low; the range
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of alternative inputs or outputs to choose
from is limited and decision-making is
simple. Farming is mostly of a subsistence
level and commerciaiization is virtually
nil.

-So 
long as farming stays within the range

ofthe traditional sets ofinputs and outputs,
extension has little to offer. There is no
need to transfer knowledge from one farmer
to another; the stock of knowledge is well
spread and commonly shared. The farmer
has a good factual and operational knowl-
edge of farming but his real understand_
ing is almost nil - his ,,theoretical" 

basis
is superficial or utterly wrong. The farmer
has however no use for better, scientific
knowledge. What difference will it make
to him if he knew how the plant roots
absorb minerals or how the cow's four
stomachs digest cellulose ? An extension
service trying to spread this kind of infor-
mation in a traditional setting is likely to
be met with polite indifference at best.

The picture changes drastically the
moment new inputs appear. Equipped with
no perceptive knowledge, ignorant about
the biological, chemical or physical nature
of the agricultural production processes,
the farmer is at a total loss when he has to
make decisions about factorswith which he
has no prior experience. He cannot predict
the outcomes, in hypothetical cases, of the
introduction of these new factors. As great
as his confidence in the traditional knowl_
edge may be, his uncertainty with respect
to the new knowledge is enormous. Once
the new factors start spreading, the farmer
recognizes strongly the need for advice and
assistance in decision-making. This rise in
the demand for extension is further aug-
mented by the fact that most agricultural
innovations come, at the early stages of
development, in "packages,'-a new vari-
ety, for example, will often be profitable to



adopt only if accompanied by the use of
chemical fertilizers or irrigation. The con-

tribution of a trained extension agent,

capable of applying knowledge from out-
side of traditional agriculture, then be-

comes very important.
Moreover, new factors of production are

conceived in the laboratory or introduced
into traditional agriculture from the out-
side. Agricultural production conditions
are variabie; factors which perform excel-

Iently in one fashion in one place fail alto-
gether or require a different mode of appli-
cation in another.'The source for another

aspect of the contribution of an extension

service lies in accompanying the introduc-
tion of new faetors, carefully observing

outcomes and constantly spreading know-
ledge accumulated in experience.

Usually, the development of the agricul-
tural sector is accompanied by develop-

ment of agricultural institutions, and -
what is relevant for this discussion - of
an agricultural research organization. This
introduces another aspect for the contri-
bution of extension service in several ways :

(a) transmitting knowledge from the re-

search personnel to the farmers; (b) bring-
ing feedback from the field to the research-

er; (c) dividing the labor-undertaking
the more simple field trial, experiments and

follow-ups by the extension personnel, leav-

ing for the researchers the more basic and

sophisticated inquiries.
The introduction of new inputs into

traditional agriculture implies the start of
commercialization. It is in the interest of
private business that farmers' awareness of
the existence of modern knowledge will be

aroused and that their understanding of
how to apply these methods on their land

be developed. It is, therefore, in the inter-

est of private business, so it seems, to go to

areas of traditioaal agriculture and to un-

dertake all the research, extension and edu-
cation needed to modemize this sector with
its future potential purchasing power. But
this knowledge is not appropriatable.
Much of the fruits of the effort of an enter-
prizing businessman will be harvested by
his competitors. Here lies the justification

for a publicly financed extension service at
the early stages of development.

Perhaps the most important role of an

extension service at the early stages of
development is to ignite the development

engine and to regulate its first phases of
work through the introduction and careful

assistance in the adoption of new factors.

(Of course, a precondition for success is

the availability of such factors). When

development becomes a self-sustained pro-

cess, when new generations of schooled,

outward looking and change-oriented

farmers take over, and when purchased

imputs grow in numbers and quantities,

business flnds it profitable to 4dvertise and

to promote its products - that is, to spread

knowledge on new inputs. The extension

service can now assist farmers, and in the

iong-run business too, by testing and assess-

ing competing brands. Competition and

the watching eyes of the extension service

- sometimes with the help of regulatory

agencies - will then force business to be

more elaborate and accurate in specifying

its products. At the same time, the share of
the extension service in the information
flow into the farming sector declines.

One conclusion of this dijcussion is clear;
for the extension service to successfully

fulfill its functions, it must grow in know-

ledge and capacity to tackle problems as

the agricultural sector develops. This is

not easy at all. First, farmers grow fast in

schooling, specialization and sophistica-

tion. Second, the public extensiou agent is

often in an iaferior position compared
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with the exp€rt representing the producer
of farm inputs. The last has access to the
inside information of the developmeot and
production of the products, and chances
are that initially he will know more about
the chemical, physical and biological prop.
erties ofa new product thau the extension
agent. With the short length of life of
many of the products, this is a long last-
ing disadvantage of the public agent.

The question, therefore, arises as to
whether, at the advanced stages ofdevelop-
ment, public extension's contribution does
not fade away and vanish altogether. The
answer sould be given on empirical groun-

ds. A priori, the service should continue
to operate so long as there exists a stock of
knowledge whose distribution could be
regarded as a public good. A precondition
for its existence in a dynamic agriculture is
a highly skilled, specialized and sophisti-
cated personnel equipped with technical
facilities to perform rapid and accurate
testing and with access to the best research
results. Whether these coaditions exist in
any of the developed countries and whether
the contribution of extension then out-
weighs the cost is an interesting and im-
portant question to which no answer has
yet been given.

APPENDrx

The distribution of the efect of additiortl krcwledge
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hg
total surplus, consumers' plus produc-
ers', before the distribution of know-
ledge;
total surplus after the distribution of
kaowledge;
surplus added by kaowledge;
surplus added to consumers;

surpius added to producers (may be
negative);
transfer of income from farm to con-
sumer sector;
additioo to consum€r surplus due to
increase ia efficiency.
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 Research and Productivity in Wheat
 and Maize

 Robert E. Evenson
 Yale University

 Yoav Kislev
 The Hebrew Urnilersity

 A measure of agricultural research output in 75 wheat- and maize-
 growing countries was utilized to explain increases in yield per unit land
 in these crops over the period 1948-68. Several alternative specifications
 were tried, incorporating direct contribution of indigenous research as
 well as "borrowing" of outside knowledge. Statistical estimates are
 presented and their economic implications discussed.

 Recent technological improvements in grain production were so dramatic

 as to give rise to the term "the green revolution" and to reward Norman

 E. Borlaug, undoubtedly the most important single contributor to this

 process, with the Nobel Peace Prize. The main feature of these improve-

 ments has been the breeding of new varieties for less developed countries

 and the transfer of genetic material across international borders. Starting

 with the Rockefeller Foundation program in Mexico and continuing

 with the International Rice Research Institute in the Philippines,1 the
 development of the high-yielding varieties demonstrates the potential

 payoffs of the application of up-to-date biologic-mainly genetic-

 This work was supported, in part, by a grant from the International Bank for Recon-
 struction and Development. We are indebted to Zvi Griliches and members of his seminar
 at Harvard University, to the members of the National Bureau of Economic Research
 Seminar, and to our colleagues at the Growth Center for constructive criticism and
 suggestions. Frank Westhoff and Louise Galasso were invaluable research assistants.
 Dr. Richens, the editor of Plant Breeding Abstracts, supplied most of the publication data
 used here. Errors and shortcomings are, of course, ours.

 I See Ruttan (1971) for a short description of these institutions and additional references.

 1309

This content downloaded from 132.64.28.130 on Thu, 07 Sep 2017 15:16:45 UTC
All use subject to http://about.jstor.org/terms



 1310 JOURNAL OF POLITICAL ECONOMY

 knowledge to hitherto neglected areas. Expectations about the continua-

 tion of this revolutionary process should, however, not be overoptimistic.
 A possibility that should not be discarded is that once the gap between

 the theoretical knowledge and the technical practice is bridged, advance-
 ments will come at a much slower pace and will, perhaps, depend less on
 breakthroughs resulting from concentrated international efforts and more

 on local selection, adaptation, and marginal improvements.
 The experience of the green revolution intensified the efforts of agricul-

 tural technological change and focused the attention on the transfer of

 knowledge. This brought forth the crucial policy issues of optimal research

 effort and the mixture of indigenous research and borrowing of knowledge,

 issues that motivated parts of our analysis. But these are not new phe-

 nomena; indeed, scientific research has taken place in agriculture for a
 long time and improvements did occur, particularly after the Second
 World War, even if in a not-so-dramatic fashion. Our study covers the

 21-year period of 1948-68, which the green revolution barely affected;2
 the average rate of growth of yields per unit area, over this period, was
 2 percent per annum in the 64 wheat-growing countries and 3 percent

 for the 49 maize-growing countries of our sample, with several less

 developed countries exceeding these averages (see Appendix A).
 This study is an attempt to estimate the contribution of "conventional"

 scientific research to agricultural productivity. Such estimates have been

 prepared for the United States (Griliches 1964; Peterson 1967; Evenson

 1971), but, to our knowledge, no direct estimate has been prepared in an

 international context.

 Background

 The crucial problem in an empirical study is the availability and quality

 of data. We are engaged now in the collection of an international in-

 ventory of agricultural research data (Evenson and Kislev 1971): budgets,

 manpower stations distributions, etc. It is disappointing to discover how
 little has been done in documenting agricultural research work and how
 incomplete such an inventory will, by necessity, be. But even the best
 figures will suffer from comparability problems: the definition of a

 research worker and his typical training varies widely among countries,
 and expenditure data are plagued by exchange rate and accounting
 procedure problems. Moreover, these data cannot be divided by sector
 within the agricultural industry or by kind of work done.

 2 In 1968-69, the last year of the period, area sown to "green revolution" high-
 yielding varieties was less than 4 percent of the world's wheat-growing area (less than
 4 percent in 1966-67). In India, however, this share reached 30 percent in 1968-69
 (3 percent in 1966-67) (see Dalrymple [1972] for data on the spread of the new varieties).
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 An alternative measure of research work is the amount of work reported

 -the numbers of scientific publications. A few abstracting journals cover

 the fields of agricultural and biological research. Wheat- and maize-

 related publications were counted from Plant Breeding Abstracts (1932-69), 3

 which attempts to cover all significant research work in plant breeding

 and related subjects in the world, and were classified by country according
 to the first author's address.

 The use of "paper counts" as measures of research can, of course,
 be subject to criticism. In its defense we offer a few points. (1) The large

 numbers of papers published assure a substantial degree of regularity.

 (2) Most results of research work are published, though the publication
 system is, perhaps, biased in favor of the countries in which the profes-
 sional journals are edited. (3) There is a "floor" to the quality of articles

 accepted by journals of international standing, and further screening by
 the abstracting journals helps to secure homogeneity. (4) Published

 papers represent research output, while manpower and expenditures are

 inputs. (5) This is the only way to get measures of crop-specific research.4

 It should also perhaps be added that though articles in scientific

 journals are conveyors of information, some of them contain "inter-

 mediate knowledge" not directly applicable in production, and not all
 the contribution of research efforts to agricultural practices is contained

 in the published articles. But, in general, the work of a strong and well-
 trained scientific team of people who can identify and solve a crucial

 problem will result in scientific innovations worth reporting. If so,
 papers can serve as proxy measures of scientific work.

 The restriction of the analysis to just two crops enabled the use of a

 simple physical measure of productivity-yield per unit land-and

 liberated the study from aggregation problems. This advantage was

 achieved at a cost: there are no crop-specific data on inputs other than
 land (area harvested). This shortcoming is not to be slighted; yet the
 importance of the omitted inputs should not be exaggerated either.

 An agricultural production process can be viewed as a mixture of two

 processes: a biological and a mechanical, with a production function of

 the form Q = lIfb(Xb),fm(X..)1 where Q is output, b the subscript of the
 biological process, m the subscript of the technical, mechanical process,
 and Xb, xal vectors of inputs. The inputs into the biological process (seeds,
 fertilizers, water, correct choice of methods, and timing) determine the
 potential yield; labor and machinery are inputs into the mechanical

 process that can be substituted for each other within the mechanical

 I Counts of articles in Field Crops Abstracts (1948-69) were also tried in wheat (see
 Appendix A for summary data).

 4 Studies based on counts of articles are common in the area of the history of science;
 in fact, our attention was drawn to this approach by the studies of Derek J. DeSolla
 Price (1963).
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 process, but there is very little substitution between the two processes.5
 Our research measure is limited to biological work, and by omitting labor
 and capital we restrict the analysis to the biological subprocess.

 The omission of fertilizers, water, and perhaps also an index of seed
 quality, pesticides, and similar biological inputs is, of course, more
 serious. However, to the extent that the adoption of these inputs is due to

 agricultural research (the development of fertilizer responsive varieties,

 for example), their omission is justified. We are interested in the total effect
 of research, including the indirect contribution through other inputs.
 However, these omissions will bias the estimates of research contribution
 upward.

 An international comparison offers the opportunity to include "borrow-

 ing"-the transfer of knowledge-in the analysis. It is instructive to note

 at this point the differences in the transferability of the important aspects

 of knowledge in wheat and maize. Since wheat is self-pollinating, regularly

 harvested grains can be used as seeds and new varieties "diffuse" easily

 from farmer to farmer. Hybrid maize seeds, on the other hand, have to
 be propagated by specialized agencies and distributed to the farmers.

 Moreover, wheat is much less locality specific than maize. Mexican wheat

 varieties are grown successfully from North Africa to India, while specific

 maize varieties have to be bred for the various regions of the same

 countries.6

 Of course, not all knowledge is created in the experiment station and the

 scientific laboratory; much is done by commercial enterprises, and
 farmers also often contribute to knowledge and its refinement. The

 main thrust of this study is, therefore, twofold: (a) the test of the hypothesis

 that scientific work does affect productivity changes and (b) an attempt

 to estimate its contribution.

 Formulation and Specifications

 To analyze the relationships between agricultural research and yields,
 we start from a simple summary framework. Yields are functions of soil,

 climate, and technology. Soil and climate determine yield potential
 with a given technology. Weather causes year-to-year variations in yield.

 5 The hypothesis of the separation of the agricultural production function into two
 processes cannot be tested here (see Sadan 1970). This hypothesis is consistent with the

 recent analysis of Hayami and Ruttan (1971), whose major finding can be interpreted
 to mean that because of the corresponding factor-price relationships, American research
 was directed to advancements in the mechanical process; Japanese, to the biological one.

 6 Myren (1969) attributes much of the relative success and failure of the Rockefeller
 project in Mexico in wheat and maize, respectively, to these characteristics.
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 Shifting cultivation between different soils will also result in yield
 variations:7

 y(t) =f [S (t), T(t) + ? (t), (1)

 wherey(t) yield in year t, S(t) = soil and climate (since the observa-
 tions are on countries, this variable can be taken as "country-specific

 conditions"), T(t) = technology, and u(t) = random weather effect.
 Technology is the form in which knowledge is revealed in production

 and is a function of indigenously created and of borrowed stocks of
 knowledge:

 T(t) = T[K(t), B(t)1, (2)

 K t

 B(t) = b (s) ds, (3)

 at

 B(t) = | b(s) d&, (4)

 where p(t) = flow of indigenously created knowledge and b(t)
 flow of borrowed knowledge.

 Knowledge can be subject to depreciation and obsolescence which

 will require the inclusion of depreciation terms in (3) and (4). Also,
 if T is the "best" knowledge available-the "frontier of knowledge"-
 a lag operator may have to be included in (3) and (4).

 Borrowing of knowledge depends on the existence, outside a country,
 of knowledge relevant to the country. The larger such a stock, the higher
 the marginal productivity of the borrowing efforts. Moreover, the rate of

 borrowing can be affected by own work-to do research one has to follow
 work done elsewhere.

 To introduce the possibility of regional specificity of knowledge, crop

 areas in the countries were assigned to agroclimate regions. The regions

 were adopted from the work of Papadakis (1952). His classification covers
 five dimensions (see Appendix B) and permits alternative regional
 definitions by combining classificational dimensions. Two such alter-
 natives, the two-dimensional 3 and 4 and the five-dimensional 1-5, are
 used in the analysis reported here in wheat and maize, respectively. A
 regional stock of knowledge is defined as

 Ri(t)= E rjjKj(t), (5)

 7 For notational convenience, in the general discussion t is treated as a continuous
 variable. It appears as a subscript in regression equations. Similarly, integrals in the
 general discussion are represented by sums in the regressions.
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 where rij is the share of country j's wheat or maize area which belongs
 to region i. The pooi of specific knowledge from whiCh a country borrows,
 by hypothesis, is

 RiJ (t ) = hi (t ) - rijKjX(t ); (6)
 that is, it is the stock of regional knowledge less the country's own

 contribution.

 To formulate the borrowing activity, a logistic "borrowing function"
 was specified:

 Bjt) -Rij(s) ds , (7) ij :01 + ie-fPj(s)]

 where Bip(t) is the borrowed stock and cx, fl are parameters. Note that
 borrowing is defined as a flow and is accumulated to a stock.

 The borrowed stock of knowledge in a country is the weighted sum of

 the stocks borrowed from the different regions with the regional shares,

 rT,, as weights:

 Bi(t) =ErijBii(t). (8)

 The parameter 1/(1 + ax), the intercepts of the borrowing function,
 indicates the amount of borrowing a country can do in the absence of

 indigenous research. In the limit, as p -* A, the country borrows all of
 the regional pool. In the regressions, x and /1 were estimated by searching
 for the value that will yield the highest R2.

 Production conditions are quite diversified, even in the smaller countries,
 and the measure of knowledge should be corrected to take account of this

 diversity. Two deflators were used to this end, and the numbers of
 publications in a country were divided by these deflators. The first is

 the average crop (wheat or maize) area in the country over the period,

 aj in countryj (Appendix A, cols. 3, 8):

 d- j = aj. (9)

 The use of this deflator implies the assumption that crop production
 conditions vary with the area. This is not always a very good assumption;
 the United States and Soviet Russia lead the world in terms of the total
 number of papers, but with the use of this deflator they become relatively
 small producers of knowledge. Clearly, some countries have varied
 production conditions with small areas, while others have huge homo-

 geneous areas. 8

 8 In the absence of data on extension and other instruments of information dissemina-
 tion or, alternatively, on the number of wheat or maize growers, the area deflators serve
 also as a proxy for ease (or, rather, the difficulty) with which knowledge is spread over the
 countryside.
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 TABLE 1
 RATE REGRESSIONS (EQ. [11])

 WHEAT MAIZE

 REGRESSIONS 1 2 3 4

 R2................. .314 .341 .447 .507
 Constant.......................... 0.020 0.020 0.012 0.011
 Variables:
 Research . .0.016 0.018 0.029 0.031
 [K(68)] (5.32) (5.61) (6.17) (6.78)
 Research x pastyield increases .... ... -0.435 ... 1.264
 [po x K(68)] (1.57) (2.36)

 NOTE.-N observations: wheat 64, maize 49; deflator: area deflator (d5). The estimates were prepared
 in two stages. In the first, the average rates of yield increases (allowing for area effects) were calculated for
 each country, for wheat and for maize from the equation: yj(t) = aAj(t)ePtuj(t), where yj(1) = yield in
 country] in year t; Aj(t) = area harvested; and uj(t) -disturbance. The estimated pj values for the period
 1948-68 are reported in Appendix A, cols. 2 and 7. In the second stage, eq. (11) of the text was estimated.
 Regression estimates of eq. (11) were weighted by the average square deviation from the regressions of the
 equation above for wheat and maize, respectively. Figures in parentheses are 1-statistics.

 Neglecting within-region diversification of production conditions, the
 number of regions in a country can also serve as a deflator. However,
 regions can vary a great deal in size, so the second deflator used was

 d2j E Urij - if)f + I, (10)

 where n1 is the number of regions in the country and j 1 I/n, is the
 average regional share. Thus,

 II = I + Vi (10')
 d21 ni

 where V , like the variance, is a measure of dispersion. The inclusion of
 V1 corrects for unequal size distribution of regions.

 Estimates

 Regression specifications and estimates are presented and preliminarily
 discussed in this section; economic implications are brought forward in

 the next.

 Two principal sets of estimates were calculated: (a) cross-sectional
 ("rate" regressions) reported in table 1; (b) combination of time series
 and cross sections ("yield" regressions) reported in tables 2 and 3.
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 I3i8 JOURNAL OF POLITICAL ECONOMY

 The estimated weighted rate equation (table 1) was:9

 p1 = a + bKj(68) + cpojK(68) + u1, (11)

 where K,(68) = stock of country j's knowledge in 1968: sum of counts
 of articles in Plant Breeding Abstracts from 1948 to 1968, pj = average
 rate of yield increases over the period 1948-68, and p~j = average rate
 of change of yield for the period 1920-39 (set at zero for countries for

 which earlier yields were not available).

 The results in table 1 indicate positive relations between research and

 yield increases, both in wheat and in maize. With the introduction of

 poj (regressions 2, 4) the marginal contribution of the stock of knowledge
 becomes

 LL_ = b + cp0j. (12)

 The negative c value in wheat indicates diminishing returns to research

 in countries that exploited their potential yield increases prior to the period

 studied. This is apparently not the case in maize. In this crop, past yield
 increases are positively correlated with marginal productivity of research

 in the later period. A possible explanation for this finding can be the

 complexity of the modern maize technology. Higher yield improvement

 in the past may be an indicator of the technological maturity of the

 country's agricultural industry-a prerequisite for successful absorption
 of sophisticated modern innovations.

 As noted earlier, research's contribution can expect to be over-
 estimated due to the omission of other yield-affecting factors. However,
 to the extent that "paper counts" measure research output with an error

 (random), the regression estimates are biased downward. The specification

 in table 1 may introduce another source of random errors, as there
 K(68) stands for the stream of knowledge created which in turn affected

 yields over the 21-year period. This formulation implicitly assumes

 similar time patterns of research work in the different countries, which
 was not the case.

 9 Unweighted regressions and weighting by area were also tried. The table below
 gives R2 values for regressions 1 and 3 of table 1.

 WEIGHTED

 By Average Square
 UNWEIGHTED By Area Deviation

 Wheat ...181 .181 .007 .314
 Maize .............. .351 .172 .447

 Weighting did not improve the estimates of the yield regressions. We are indebted to
 Finis Welch for the suggestion to use the average square deviations as weights.
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 R & P IN WHEAT AND MAIZE 1319

 A more detailed analysis becomes feasible with the utilization of

 combinations of time-series and cross-sectional data. The regressions

 estimated were of the general form

 A. +A K. B. 813
 Yjt = o Yljt + 72t + d3 Li + y4 at + 75sj + Ud(

 The regressions were calculated in linear and in double-log (Cobb-

 Douglas) form. In the double-log form all variables, except time, were
 replaced by their natural logarithms, and one was added to all stocks
 K, B to avoid zeros.

 Tables 2 and 3 report regression estimates for wheat and maize,
 respectively. A major contribution to the explanation of these regressions

 is due to the country-specific variable Si. In the absence of this variable,
 R2 is of the order of .4. This should be expected when countries differ

 substantially in their yield potentials (see cols. I and 6 in Appendix A).
 The inclusion of this variable converts the regression into a covariance

 analysis where the coefficients measure "within"-country effects. This

 eliminates biases that could have been introduced by correlation between

 knowledge (own or borrowed) and yield-level potential.

 The area and time variables were always significant, though the first
 varies in sign. Research and borrowing are always positive and significant

 in most regressions.
 All four estimates of the parameter ot in tables 2 and 3 indicate intercepts

 [1/(1 + a)] of the borrowing function that are virtually zero. No borrow-
 ing takes place in the absence of indigenous research work. This somewhat

 surprising result was confirmed in all the empirical experiments
 conducted. 1

 The economic implication of the estimates reported in tables 1-3

 will be discussed in the next section. Before turning to this discussion, a
 few words on hitherto unreported experiments are in order.

 1. Several regional classifications were tried. It was found that the best

 results-in terms of R2 and in terms of reasonable coefficients-were
 achieved in wheat with the two-dimensional 3 and 4 classification

 (Appendix B) and in maize with the five-dimensional 1-5 classification.

 These classifications were used in the analysis reported in tables 2 and 3
 to construct the borrowing factor and the regional deflators.

 The regional classification determines by how many other countries
 a unit of knowledge, a paper, produced in one country can be borrowed.
 Under the assumption that a paper has the same probability to be
 produced in any one of the countries in the sample (an alternative

 assumption can be that this probability is proportional to the current

 10 As the a values are not estimated at the sample means, they are subject to a larger
 error than indicated by the regression results.
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 distribution of papers), the expected number of borrowers of such a

 paper is 5.32 in wheat and 1.15 in maize. This expected value is termed

 here the "transferability factor" (Appendix C). These values of the

 transferability factors are slightly underestimated, since not all wheat- or

 maize-growing countries are included in our samples.

 2. Counts of articles from Field Crops Abstracts were tried in wheat as

 alternative to counts from Plant Breeding Abstracts (averages of the two

 were also tried). Counts from Plant Breeding Abstracts proved a superior

 variable.

 3. The element in the exponent of the borrowing function in equation

 (7) is the flow of knowledge created. An alternative formulation tried was

 to replace the flow by the stock K&(t), implying that it is not work done,
 but the amount of knowledge a country possesses that determines its

 borrowing ability. The flow formulation proved superior.

 4. A " world stock of knowledge" defined similarly to the definition

 of the regional stocks was constructed and tried in the regressions. Two

 hypotheses were tried with this variable: (a) that countries borrow from

 a world pool over and above the regional borrowing and (b) that borrow-

 ing takes place from the world at large with no regard to regional pattern.

 These two hypotheses had to be rejected.

 5. Several ways to introduce depreciation of knowledge or lags in its

 effect were tried, but with no improvements in the results. Similarly,

 experiments at constructing stocks of knowledge by accumulating flow

 prior to 1948 did not yield better results."1 There can be two explanations
 to the outcome of these experiments. (a) The "noise") component in the

 data is too large to permit such fine distinctions. (b) Knowledge ac-

 cumulated before 1948, mostly before the Second World War, was either
 obsolete or totally disseminated by 1948. Hence, all countries entered the
 period studied on the same footing, and this period is too short to reveal
 significant obsolescence phenomena.

 Economic Implications

 The economic contribution of knowledge varies considerably with the

 model presumed. To take direct contribution of own research in the linear
 model first, the marginal contribution of a paper calculated from (13) is

 OY - Y73OK (14)
 Op d ap

 " There is, however, a built-in lag in the data-the lag from the completion of a
 research work to its publication plus the lag from publication to the appearance of the
 abstract.
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 and, by construction, aK/ap = 1. Equation (14) is calculated in terms of
 yield per unit area. Total contribution in the country is

 o A = - ! A. (15)
 ap d

 The area deflator d = A (disregarding within-country variations in area)

 and 73, the regression coefficient, measures total contribution in the
 country. This is also true if the correct deflator is not equal, but only
 proportional, to the area, since the factor of proportionality will be
 incorporated in the estimate of 73. Hence, with the area deflator the
 marginal (= average, since this is in the linear model) productivity of
 research is the same for all countries.

 The regional deflator is not proportional to the area (in many countries

 dj2 = 1), and if it is the correct deflator, the contribution of research
 varies with the crop's area, in many cases proportionally.

 In the double-log model the regression coefficients are elasticities,

 measuring percentage increase in yield due to percentage changes in the

 stock of knowledge-whatever the deflator, and with country effect, with

 dummies included in the regressions, the constant-per-country deflator
 4 'washes out." The marginal contribution of a paper is exactly proportional

 to total production level of the crop.

 In the rate-regressions model of table 1 (all area deflated), additional

 research will shift yield to new growth paths from the average rate of
 growth of 2 percent per year in wheat to 3.6 percent, and in maize from

 3 to 5.9 percent. In absolute values, the marginal contribution of a paper

 depends, therefore, on the rate of change of yield and on the time elapsed
 from the year at which the knowledge was created. In table 4 the values

 of the marginal contribution are $1,581 and $2,330 in wheat and maize
 in the first year (the mean year of the sample, since these values are
 calculated for average yields) and $20,287 and $30,822 10 years later.12

 The economic contribution of a scientific publication is composed,

 according to the model in the background of equation (13), of three
 parts: (a) direct contribution of indigenous research to productivity-
 indicated by the coefficient of K(t) in tables 2 and 3; (b) the accelerating
 effect of own work on borrowing-the contribution of a unit in the ex-

 ponent of the borrowing function; and (c) the contribution of research in
 one country to productivity in others-the marginal contribution of a

 unit of borrowed knowledge, B(t), times the transferability factor which
 indicates how many such units a paper produced in one country can be

 12 These figures, the second pair, are biased upward to some extent; since, as the area
 unit is 1,000 hectares, they measure the average contribution of a paper when a group of
 one paper per 1,000 hectares is added to the stock of knowledge in a country.
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 R & P IN WHEAT AND MAIZE 1323

 turned into times the borrowing factor 1/(1 + ae-PP). Estimates of these
 three components are listed in table 4.

 In the linear model, the indigenous stocks were deflated both by

 area and by the regional deflators; estimates for both cases are reported

 in the table. The unbiased estimate of _3 in the double-log model is its
 geometric mean. Accordingly, marginal contributions are usually
 calculated, for such models, at that point of the samples. However, the
 geometric mean will generally differ from the arithmetic, and this

 difference is a measure of the dispersion of the variable averaged (the

 arithmetic mean of the pair [5, 495] is 250, the geometric is 49.7). Yields
 per unit land vary much less than the stocks of knowledge which, by

 construction, start from small numbers for 1948 and grow to 1968. A
 better representation of the "typical country" is therefore given by the

 arithmetic averages. The estimates for the double-log model were there-

 fore also calculated at these points of the sample.

 Since the logistic borrowing function is nonlinear, the estimates in

 columns (2) and (5) were prepared by calculating the marginal contribu-
 tion for each point of the sample and averaging (arithmetically or

 geometrically) these values. The average borrowing factor values used

 in columns (3) and (6) were calculated in the same way. l 3
 The estimates in the last row of table 4 are probably the most "reason-

 able"; they are based on a double-log model that incorporates the
 assumption of diminishing marginal products. The total value of the

 contribution of a publication is $66,285 in wheat and $66,443 in maize,

 surprisingly close; the distribution of the economic contributions among

 their components is also very similar in the two crops. However, these
 estimates, unlike those of the linear model, do not incorporate any
 deflating procedure-they imply that the contribution of a unit of knowl-

 edge is proportional to the country's total output value of the crop
 regardless of the diversity of agricultural production conditions.

 Elsewhere (Evenson and Kislev 1971) we have estimated average

 expenditures per publication to run from 30,000 to 350,000 U.S. dollars,
 with values for the high publishing countries around $100,000. In the
 absence of obsolescence, the figures in table 4 (for the yield regressions)
 are flow values of permanent income streams.14 It is, needless to say,

 unrealistic to assume that knowledge is not subject to obsolescence and

 depreciation, but even if these streams last for only 20 years (the present
 sample period), the values in table 4 imply substantial returns to invest-

 ment in agricultural research.

 13 The average values for the borrowing factor 1/(1 + ae -P) are linear model:
 wheat .442, maize .507; double-log model: wheat .229, maize .102.

 14 To the extent that obsolescence took place over the sample period, the estimated
 coefficients are adjusted for it, and if obsolescence will continue at the same rate, these
 estimates do represent permanent income streams.
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 1324 JOURNAL OF POLITICAL ECONOMY

 This is evidently not the right framework in which to attempt a full-

 fledged calculus of "growth accounting," of the relative contributions of
 different factors to the growth rates in wheat and maize production. A
 rough indication of the magnitudes involved can, however, be obtained.

 In the double-log formulation of (13),

 - =72 + 73 - + R, (16)
 y K

 where R stands for the change in the other variables. The average value

 for K/K is approximately 10 percent, both in wheat and maize. Taking

 72' 73 from the regressions without borrowing (table 2, regression 4;
 table 3, regression 4), one finds that the contribution of K to growth
 was in wheat 23 percent and in maize 33 percent of the "contribution"
 of the time variable.

 This finding can be rephrased in the following way: The contribution
 of research and the factors associated with it was one-fourth of the con-
 tribution of factors associated with time in wheat and one-third in maize.

 That is, the increases in new and improved inputs-new varieties,
 fertilizers, knowledge-that were time related contributed to production
 four and three times more in wheat and in maize than the increases in
 these inputs that were statistically associated with the accumulated

 research work. This may seem like a modest contribution of research,
 but as the other findings show, research activity can still be very
 productive.

 Concluding Remarks

 We purposely did not follow the practice (which one suspects is not
 uncommon) of limiting the report to "reasonable" results. The crudeness
 of the data, the lack of information, and the absence of prior work in this
 area justified in our mind more than the usual dose of experimentation.
 The general conclusion that runs through all the findings supports the
 basic hypothesis tested: There is a strong and persistent relationship
 between agricultural research and biological productivity-yield in wheat
 and maize. This relationship exists both "between" countries and "within"
 countries over time.

 The economic implications of the estimates indicate a substantial

 contribution of research to productivity. Even if the values in table 4
 are exaggerated by a factor of two (due to the omission of fertilizers and

 other variables from the regressions), they will still indicate a high payoff
 to research work. A major component of research's contribution is through
 the acceleration of the transfer of knowledge. Little knowledge is borrowed
 if no indigenous research takes place. The possibilities for the transfer of
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 R & P IN WHEAT AND MAIZE 1325

 knowledge are more restricted in maize than in wheat, as the lower
 transferability factor in this crop indicates.

 The study raises several problems and points to areas in need of further

 work and clarification. Of course more and better data on agricultural

 research are essential to deeper understanding of this activity. Concep-

 tually and empirically, perhaps the most immediate need is to get a
 better knowledge of the regional classifications and the appropriate

 deflators. Further clarification of this aspect of the "research on research,"
 which should prove to be a fertile ground for collaboration of economists

 and biologists, is needed to gauge the effect and spread of knowledge
 between and within countries. This also brings up the question of the

 dissemination of knowledge and the interaction of research and extension.

 Data on extension are, however, harder to come by than data on research.
 The restriction of the present study to wheat and maize enabled

 experimentation and a close examination that would not have been

 possible otherwise. But this restriction prevented the inclusion of other

 factors of production in the analysis. Work at higher levels of aggregation

 with more comprehensive data is now being conducted, and we hope
 to be able to report the findings in the near future.
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 Appendix B

 Regional Classifications"

 1. Winter hardiness

 a) Too cold for winter wheat
 b) Sufficiently mild for winter wheat
 c) Sufficiently mild for winter oats
 d) Sufficiently mild for citrus

 2. Summer heat and duration

 a) Too cool for wheat
 b) Sufficiently warm for wheat
 c) Sufficiently warm for maize
 d) Sufficiently warm for cotton

 3. Annual hydric index (annual rainfall/water need)

 a) 0-0.09
 b) 0.10-0.22
 c) 0.22-0.44
 d) 0.44-0.66
 e) 0.68-0.88

 f) 0.88-1.32
 g) 1.32-2.64
 h) 2.64 or more.

 4. Seasonal distribution hydric index

 a) Mediterranean (winter rains)

 b) Isohygrous (rain in winter and summer with humid spring)
 c) Monsoon (hydric index high in summer)

 5. Soils

 a) Pedalfers
 i) Podsol
 ii) Braun Erde

 iii) Red
 iv) Laterite
 v) Black-Prairie
 vi) Reddish-Prairie

 b) Pedocals
 i) Chernozem
 ii) Chestnut
 iii) Brown
 iv) Reddish

 Appendix C

 The Transferability Factor

 In the following equations, i = region index, j country index, J = number
 of countries in the sample, I number of regions, ni = number of countries
 in region i, and rij = the share of countryj in region i.

 A typical event (with probability l/J) is that paper is produced in country k.

 Then rik of it is contributed to region i. The total transfer potential of this part of

 Is A five-dimensional classification is obtained by meshing all five classifications; a
 two-dimensional, by meshing any two classifications (source: Papadakis 1952).
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 the paper to the other countries in the region is

 tErij - rikJ rik'

 To get the expected value of the borrowing potential for the region i, calculate

 1 K (\
 7 E tE rij - ri) rik,

 and the expected value for the sample is

 I - rik) ri k the transferability factor.
 N k t

 Note that the term in parentheses is zero for regions with only one country.
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 A Survey of International Data

 Robert E. Evenson
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 Yoav Kislev
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 The treatment of research and extension activities in an economic frame-

 work is of relatively recent origin. It is a measure of the limited emphasis
 on the economic aspects of these activities that a comprehensive compila-
 tion of international data has not heretofore been made. In this paper we
 report such a compilation. It is the product of an extensive review of
 existing data sources and of responses to a survey questionnaire sent to
 research organizations throughout the world. In the following section, data
 on research and extension expenditures, on numbers of scientists and
 extension workers, and on scientific publications are summarized by
 regions of the world.1 A short section surveys the new international centers.
 Comparative aspects of the data are explored in the last section in an
 attempt to identify factors accounting for differential "productivity" of
 scientists and to investigate the determinants of investment in research.

 Summary of International Data
 The Appendix presents country data on research and extension. The
 discussion in the text will be in terms of interregional comparisons; particu-
 lar attention will be given to the differences between the developed and the
 less developed countries.

 Regional summaries of research and extension personnel and budget
 data for 1965 are presented in table 1. These data were compiled from a
 large number of sources,2 including FAO and OECD regional surveys, as
 well as published experiment-station budgets and responses to survey
 questionnaires. Scientists are people doing independent research work, not
 technicians and assistants. Expenditures have been converted to U.S.
 dollars at the official exchange rate. Only research and extension activities

 1 More detailed data and a complete list of sources appear in R. E. Evenson and
 Y. Kislev, "Investment in Agricultural Research and Extension: An International
 Survey," Economic Growth Center Discussion Paper no. 124, Yale University, 1971.

 2 Ibid.
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 Economic Development and Cultural Change

 TABLE 1

 AGRICULTURAL RESEARCH AND EXTENSION, 1965 --REGIONAL SUMMARIES

 Expendi- Expendi-
 tures on tures on No. of
 Research Scientist- Extension Extension

 (Million $) Man-Years (Million $) Workers
 Region * (1) (2) (3) (4)

 1. North America ............ 390.2 15,283 204.4 9,137
 2. Northern Europe .......... 190.0 8,232 106.4 17,480
 3. Southern Europe ........... 23.1 2,236 25.1 5,335
 4. Oceania, South Africa,

 Rhodesia ............... 86.7 3,671 (43.0) (7,950)
 5. Eastern Europe and USSR .. (233.2) 15,340 (144.0) (33,400)

 6. Latin America ............. 20.6 2,431 22.9 3,883
 7. Middle East and North Africa 33.3 1,608 (33.0) (15,500)
 8. South and Southeast Asia ... 36.0 4,220 (45.9) 28,892
 9. East Asia ................. 65.7 5,195 47.4 18,443
 10. Sub-Sahara Africa ......... 33.5 1,344 28.0 23,820

 Developed countries ...... 985.7 49,262 559.2 87,428
 Less developed countries .. 126.6 10,298 140.9 76,412

 World total............. 1,112.3 59,560 700.1 163,840

 NOTE. Numbers in parentheses are based significantly on estimates.
 * Developed countries = regions 1-5 plus Japan; less developed countries =

 regions 6-10 minus Japan.

 aimed directly at increasing agricultural productivity are included; food
 technology and home economics, for example, are not included. All data
 are by location of work. Thus French or British scientists in Africa are
 treated as African scientists. All data are for the public-sector activities.
 Private investment data in research and development are not included.

 Several shortcomings and discrepancies should be pointed out. It is
 inevitable that problems of inconsistency exist in the definitions used by
 the different sources from which data were collected. In Europe and North
 America, a scientist usually has graduate training at the Ph.D. level. In the
 developing countries, this may not be the case, particularly in Latin America,
 where the basic academic degree of a researcher (Ingenero Agronomo) is a
 professional degree rather than a research degree. There is perhaps even
 less consistency in the definition of extension workers: in some countries
 they are all college graduates, while in others many of them have only high
 school education or less. Budget data are also not always compatible.

 Despite these limiting qualifications, in our judgment the errors are
 not so gross as to substantially alter the picture presented in the regional
 summary tables 1-5.

 The world total expenditure on research in 1965 (table 1) was $1.1
 billion annually, with close to 60,000 scientists engaged in research activity.
 There were more than 160,000 extension officers with budgets reaching
 $700 million. As these figures indicate, the production and dissemination
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 of agricultural knowledge is a substantial (and growing) industry, but the
 economic resources engaged in these activities are much smaller than those
 devoted to many other public sectors. Table 1 also indicates great differ-
 ences between the developed and the less developed countries (regions 6-10,
 excluding Japan) of the world. The LDCs expended 11 and 20 percent of
 the world research and extension budgets, respectively, and had 17 and
 47 percent of the research and extension personnel.

 Further comparative regional statistics are presented in table 2.
 Columns 1 and 2 present ratios of expenditures on research and extension
 to the value of agricultural production. The two major less developed
 regions, Latin America and South and Southeast Asia, are ranked lowest
 by this measure of research expenditure. Conversely, the highest-income
 regions-North America, northern Europe, and Oceania-rank highest.
 The picture is somewhat more mixed regarding extension spending, as the
 LDCs spend more on extension than on research, whereas the developed
 countries spend 1.8 times as much on research as on extension.

 An alternative basis for comparison is expenditures per farm, as
 calculated in columns 3 and 4 of table 2. The very large differences in size
 of farm in different regions dominate the results. This particular com-
 parison is not as useful with respect to research as to extension. It is quite
 plausible that extension efforts should be related to the number of farmers
 to whom information is to be supplied.

 The prices (in U.S. dollars at official exchange rates) of research and
 extension services vary substantially by regions (cols. 8, 9). The less
 developed countries as a whole spend roughly 60 percent as much per
 scientist and only 22 percent as much per extension worker as the developed
 countries. Some of these differences may be accounted for by the fact that
 more laboratory equipment and technical assistance per scientist are
 purchased in the developed countries. It seems, however, that the LDC
 research systems have higher ratios of technical personnel to scientists than
 those in the developed countries. Latin America and Southeast Asia have
 low salaries and low expenditures per scientist. The African countries, on
 the other hand, have relatively high proportions of expatriate European
 research workers earning high salaries.

 The differences in expenditure per worker between the developed and
 the developing countries are more pronounced in the extension than in the
 research systems. To some extent this reflects higher quality differences in
 the latter systems. Because of the widely varying prices of research and
 extension services among regions, expenditure data can be somewhat mis-
 leading. As an alternative indicator, calculations of the numbers of
 scientist-man-years and of extension workers per $10 million of agricultural
 production and numbers of extension workers per thousand farms are
 presented. The distinction between the developed and less developed
 countries with respect to research becomes more marked when the com-
 parison is made on this basis. The developed countries engage more than

 509
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 TABLE 2

 AGRICULTURAL RESEARCH AND EXTENSION, 1965-COMPARATIVE STATISTICS

 SCIENTIST-
 EXPENDITURES AS MAN-YEARS PER

 o OF VALUE OF $10 MILLION EXTENSION WORKERS
 AGRICULTURAL EXPENDITURES VALUE OF EXPENDITURES PER
 PRODUCTION PER FARM AGRI- Per $10 Per

 CULTURAL Million 1,000 Extension
 Research Extension Research Extension PRODUCTION Agr. Prod. Farms Scientist Worker

 REGION (1) (2) (3) (4) (5) (6) (7) (8) (9)

 1. North America ............ 1.01 0.53 93.11 48.78 3.97 2.38 2.18 25.53 22.37
 2. Northern Europe .......... 0.93 0.53 32.55 16.74 4.03 8.56 2.66 23.08 6.39
 3. Southern Europe. ........... 0.38 0.41 2.44 2.51 3.68 8.77 0.54 10.33 4.70
 4. Oceania, South Africa,

 Rhodesia ............... 1.61 (0.80) 188.88 (93.68) 6.82 14.75 (17.32) 23.62 (5.41)
 5. Eastern Europe and USSR.. 0.64 (0.39) 7.49 (4.62) 4.09 9.16 (1.07) 15.20 (4.31)
 6. Latin America ............. 0.17 0.19 1.57 1.75 2.01 3.22 0.30 8.47 5.89
 7. Middle East and North Africa 0.55 (0.55) 4.88 (4.83) 2.68 25.87 (2.27) 20.71 (2.13)
 8. South and Southeast Asia... 0.24 0.31 0.43 0.55 2.81 19.26 0.35 8.53 (1.59)
 9. East Asia ................. 0.79 0.57 7.15 5.16 6.24 22.17 2.01 18.64 2.57
 10. Sub-Sahara Africa ......... 0.45 0.38 2.79 2.33 1.81 32.15 1.93 24.93 1.18

 Developed countries ..... 0.874 0.496 17.25 9.78 4.37 7.74 1.53 20.01 8.40
 Less developed countries.. 0.259 0.289 1.07 1.19 2.11 15.66 0.64 12.29 1.84

 rl?

 On

 (It

 0
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 twice as many scientists per dollar's worth of production than do the
 LDCs, even though scientists' salaries are approximately 60 percent higher
 in the developed countries.

 Expenditures and scientific manpower are inputs into the agricultural
 research system. The output of the system is the new knowledge created or
 "borrowed" from other countries or disciplines by the agricultural
 scientists. This knowledge is the factor of production affecting productivity
 in agriculture. As a proxy measure of the creation of knowledge, we took
 the numbers of scientific publications in the agricultural sciences (table
 3). More than 200,000 publications were tabulated in the following

 TABLE 3

 AGRICULTURAL RESEARCH PUBLICATIONS ABSTRACTED IN SELECTED INTERNATIONAL
 ABSTRACTING JOURNALS, 1948-68

 PUBLICATIONS BY ORIENTATION ANNUAL PUBLICATIONS
 PER $100 MILLION*

 Phyto- AGRICULTURAL PRODUCTION
 pathology

 Plant and Soil All All Total Live-
 Physiology Science Crops Livestock Agriculture Crops stock Total
 (1) (2) (3) (4) (5) (6) (7) (8)

 North America:
 1948-51.. 2,130 3,758 6,549 10,000 16,549 7.0 9.8 8.3
 1955-61 .... 6,854 9,446 10,608 20,053 8.2 8.9 8.3
 1962-68 .. 8,831 8,383 12,743 11,265 24,009 9.3 8.2 8.9

 Northern Europe:
 1948-54.. 1,748 1,194 3,458 9,888 13,346 7.2 11.3 13.5
 1955-61 .... 1,454 4,084 9,958 14,042 7.4 8.9 11.7
 1962-68 .. 7,721 2,691 5,491 10,807 16,298 8.6 7.8 11.3

 Southern Europe:
 1948-54.. 245 480 1,026 981 2,007 4.2 6.9 6.1
 1955-61 .... 365 987 1,016 2,003 3.7 5.2 5.3
 1962-68.. 830 513 1,169 1,387 2,556 4.3 5.1 5.9

 Oceania, South Africa, Rhodesia:
 1948-54.. 172 393 1,254 1,316 2,570 14.1 7.8 10.1
 1955-61 .... 822 1,350 1,906 3,256 12.1 8.8 10.1
 1962-68 .. 1,358 915 1,545 2,291 5,836 10.5 9.5 10.0

 Eastern Europe and USSR:
 1948-54.. 705 213 1,739 1,217 2,956 1.2 1.6 1.6
 1955-61 .... 1,003 4,283 2,532 6,815 2.3 2.2 2.7
 1962-68 .. 6,160 3,144 9,683 5,116 14,799 4.7 3.6 5.1

 Latin America:
 1948-54.. 70 209 858 228 1,086 1.8 1.1 1.6
 1955-61 .... 291 983 202 1,185 1.6 .9 1.5
 1962-68.. 420 610 1,288 479 1,767 1.8 1.7 1.8

 Middle East and North Africa:
 1948-54.. 33 47 284 202 486 1.0 1.7 1.3
 1955-61 .. .. 133 360 303 633 1.2 2.1 1.3
 1962-68.. 690 359 646 405 1,051 1.7 2.4 2.0

 South and Southeast Asia:
 1948-54 .. 243 484 1,889 592 2,481 2.7 27.5t 3.5
 1955-61 .. ... 792 2,521 745 3,266 2.8 30.2t 3.5
 1962-68 . . 1,603 1,594 4,330 1,335 5,664 4.3 46.5t 5.5

 East Asia:
 1948-54.. 110 146 926 322 1,248 2.5 14.7 3.3
 1955-61 ... 419 1,596 589 2,186 3.4 10.7 4.3
 1962-68 .. 2,233 519 1,801 724 2,526 3.4 6.8 4.3

 Sub-Sahara Africa:
 1948-54.. 2 18 274 62 334 1.0 1.2 1.0
 1955-61 ... 105 419 155 574 1.5 2.8 1.8
 1962-68 .. 56 249 651 248 899 1.9 3.9 2.2

 Developed countries:
 1948-54.. 5,044 6,176 14,777 23,724 38,501 4.2 7.9 6.7

 1955-61 .. ... 10,902 21,569 26,607 48,176 5.0 6.8 8.6 1962-68 .. 27,074 16,083 32,115 31,529 63,694 6.5 6.6 7.6
 Less developed countries:
 1948-54.. 414t 748 3,480 1,084 4,564 1.9 2.7 2.1
 1955-61 . 1,336 4,460 1,407 5,867 2.1 3.1 2.3
 1962-68.. 2,828 2,894 7,232 5,478 9,710 2.8 4.5 3.2

 * In 1965 U.S. dollars.
 t Data on livestock output are very limited for the region.
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 Economic Development and Cultural Change

 areas: 3 (1) wheat, (2) barley, (3) maize, (4) sorghum, (5) rice, (6) sugar crops
 (cane and beet), (7) potatoes, (8) cotton, (9) animal husbandry (general),
 (10) poultry, (11) dairy, (12) phytopathology, (13) soil sciences, and (14)
 plant physiology. The counts were made from abstracting journals, and the
 publications were classified by countries by the address of the first author.
 The selection procedures employed by these journals helps to maintain
 quality of the abstracts. Only genuine scientific contributions are ab-
 stracted; instruction pamphlets and similar materials are not counted.

 Publication counts can be utilized as a proxy measure of knowledge
 creation, a measure that has certain advantages as well as limitations. The
 advantages include the following: (1) It is a "real" measure free of exchange
 rate difficulties. (2) It is a measure of research accomplishment or output,
 rather than a measure of inputs. (3) It provides a measure of the commodity
 orientation of research. (4) The implicit definition of research is contained
 in the standards applied by the abstracting journals for inclusion. The
 journals chosen-Plant Breeding Abstracts and Dairy Science Abstracts,
 both published by the Commonwealth Agricultural Bureau, and Biological
 Abstracts-have as their stated purpose international coverage of all
 literature of scientific significance. Thus, our measure includes only a
 portion of the published literature. (5) Since it is compiled from only three
 sources, it is less subject to reporting errors and unstandardized definitions.

 The chief limitation of the measure is that research "output" is not
 measured in economic terms. We have elsewhere "tested" the hypothesis
 that this measure of research activity has economic meaning.4 Our findings
 in that study of the productivity of research strongly support the hypothesis
 that the number of research publications is a good indicator of the economic
 impact of research activity. This supports the assertion that the screening
 process utilized by the abstracting journals has been such that the data in
 table 3 measure "real" scientific activity quite well.

 An important advantage of the publications data is that they enable
 some comparisons over time. Biases toward certain commodities or toward
 Commonwealth countries, if such biases exist, do not affect the measure of
 relative changes over time. On this point note that the share of publications
 from the LDCs rose from 10.6 percent in the 1948-54 period to 13.2
 percent in the 1962-68 period. If we exclude Eastern Europe and the
 USSR from the totals, the LDC share rose from 11.4 percent to 16.6
 percent. The extraordinary increase in publications by the Soviet bloc
 countries is interesting, particularly in view of the rapid increases in food
 production in Eastern Europe over the last 2 decades.'

 3 For further reference the areas of research will be referred to as crops or
 products (e.g., wheat, barley) or subsector (livestock, poultry).

 4 R. E. Evenson and Y. Kislev, "Research and Productivity in Wheat and Maize,"
 Journal of Political Economy 81 (November/December 1973): 1309-1329.

 ' Yoav Kislev, "Innovation and Research in Agricultural Development," in
 Proceedings of the Twentieth International Meeting of the Institute of Management
 Science (in press).
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 Table 3 also presents calculations of the ratio of publications to the
 value of agricultural production in constant 1965 U.S. dollars. Here it is
 of interest to note that this ratio has remained roughly constant in the
 developed regions except for Eastern Europe and the USSR, where it has
 risen markedly. Actually, it has risen somewhat for crop-oriented research
 and fallen for livestock-oriented research in the developed countries. The
 LDCs, on the other hand, generally show an increase in this share over
 time. Latin America once again shows up poorly, with a low and stationary
 ratio.

 Table 4 extends the calculations of table 2 to the publications data.
 Note here that because of differences in publications per scientist which
 favor the developed countries, much of the advantage of employing lower-
 salaried personnel is lost to the LDCs. They end up paying almost as much
 for a research publication as the developed countries. The African regions
 pay very high prices per publication because of high salaries and low
 productivity per scientist. Only South and Southeast Asia (chiefly India
 and Pakistan) appear to be able to purchase research publications at
 "bargain" prices.

 We present table 5 as an overall summary of our data. Here note that
 the LDCs have a very low share of general science publications but do
 much better with respect to agricultural research. Even so, by any relative
 measure, the data suggest substantial underinvestment in research. The
 question of optimal investment is not directly addressed in this paper, and
 we cannot presume to know exactly what an optimal investment program
 for the LDCs would be. It can, however, be noted that the data in tables 2
 and 3 indicate a strong correlation between research investment and
 economic performance in the agricultural sector. North America, northern

 TABLE 4

 RESEARCH EXPENDITURES AND SCIENTISTS PER RESEARCH
 PUBLICATION, 1965

 Expenditure Scientists
 per per

 Publication Publication
 (U.S. $000) (Man-Years)

 Region (1) (2)

 North America ................. 113.8 4.46
 Northern Europe ................ 81.6 3.54
 Southern Europe ................ 63.3 6.12
 Oceania, South Africa, Rhodesia .. 158.2 6.69
 Eastern Europe and USSR ....... 110.3 7.25
 Latin America .................. 81.6 9.63
 Middle East and North Africa .... 221.7 10.71
 South and Southeast Asia ........ 44.5 5.21
 East Asia ...................... 182.1 14.39
 Sub-Sahara Africa ............... 260.8 10.46

 Developed countries .........*... 108.3 5.41
 Less developed countries ....... 91.3 7.42
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 TABLE 5

 REGIONAL SHARES, RESEARCH AND EXTENSION EXPENDITURES

 VALUE OF AGRICULTURAL RESEARCH PUBLICATIONS AGRICULTURAL
 AGRI- RESEARCH EXTENSION

 CULTURAL Agri- Plant
 PRODUCTION Expen- Scien- cultural Physi- General Expen-
 (U.S. PRICES) diture tists Science ology Science* diture Staff

 REGION (1) (2) (3) (4) (5) (6) (7) (8)

 North America .... .247 .351 .257 .327 .295 .451 .292 .056
 Northern Europe ... .131 .171 .138 .222 .258 .270 .152 .107
 Southern Europe ... .039 .021 .038 .035 .028 .024 .036 .033
 Oceania, South
 Africa, Rhodesia . .035 .078 .062 .052 .045 .023 .061 .049

 Eastern Europe and
 USSR........... .234 .210 .258 .202 .206 .140 .206 .204

 Latin America ..... .078 .019 .041 .024 .014 .008 .033 .024
 Middle East and
 North Africa..... .039 .030 .027 .014 .023 .013 .047 .095

 South and Southeast
 Asia ............ .097 .032 .071 .077 .054 .025 .066 .176

 East Asia ......... .053 .039 .087 .034 .075 .044 .068 .113
 Sub-Sahara Africa.. .048 .030 .023 .012 .002 .002 .040 .145

 Developed
 countries ...... .725 .886 .827 .868 .905 .95 .799 .534

 Less developed
 countries ...... .275 .114 .173 .132 .095 .05 .201 .466

 * Chemistry, physics, biology. General science publication data provided by Professor Derek DeSolla
 Price of Yale University.

 Europe, and Oceania have had relatively high levels of investment and high
 rates of productivity increase in their advanced agricultural sectors since
 1950. Southern Europe has done less well. The Eastern European countries
 and Russia have expanded their agricultural research systems most rapidly
 and have achieved rapid production gains.

 On the LDC side of the ledger, the case of Latin America is note-
 worthy. A number of countries in this region had developed quite "modern"
 agricultural sectors prior to the Second World War. Their economic
 performance in the past 20 years has been only partially successful. It is
 probably not merely coincidental that their agricultural research invest-
 ment has been relatively low and shows little increase over time.

 It also appears that in Africa and Asia, only South Asia (chiefly India
 and Pakistan) has been making some strides toward the development of a
 research system characteristic of growing and modernizing agricultural
 economies. Much of the Middle East investment is located in Israel. Most

 countries of Africa, the Middle East, and Southeast Asia have not de-
 veloped research systems that even approach the standards set by the
 systems of the developed countries.

 The picture that emerges from the extension data is quite different. In
 dollar terms, the LDCs appear to invest less than the developed countries,
 though the LDCs spend much more on extension than on research. When
 we make a comparison based on numbers of extension workers per dollar
 of production, however, the LDCs have a relatively high investment in
 extension, almost twice that of the developed countries. The emphasis on
 extension in the LDCs may make sense given the relative prices that they
 apparently pay for scientists and extension workers. Again, we cannot
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 claim to know the optimal investment pattern, but the LDC combination
 of weak research systems and substantial extension systems does not appear
 to have been productive.

 International Research Centers

 In addition to the national research systems whose investment programs
 have been surveyed in the preceding tables, several international agri-
 cultural research centers have now been established. Table 6 summarizes

 data for the six centers existing in 1972. Only two of the centers, the
 International Maize and Wheat Improvement Center (CYMMT) in
 Mexico and the International Rice Research Institute (IRRI) in the
 Philippines, have been in existence long enough to have had a significant
 impact on production. The high-yielding Mexican wheat and the "miracle"
 rice varieties were developed in these centers. Undoubtedly, the work done
 in these centers had a very significant impact, though it may be that recent
 discussions overemphasize their role and leave the erroneous impression
 that local domestic research systems, particularly in developing countries,
 have been totally ineffective.

 The advantages of the centers are that they can attract outstanding
 scientists and provide them with scientific equipment, experimental fields,
 technical assistance, and an "environment" that cannot readily be provided

 TABLE 6

 INTERNATIONAL AGRICULTURAL RESEARCH CENTERS

 Research 1973
 International Program Budget

 Center * Location Begun ($000) Commodity Emphasis

 1. CYMMT.. Mexico 1943 5,172 Wheat (spring, dovum,
 (1963) triticals); maize

 2. IRRI ...... Philippines 1962 2,800 Rice
 3. CIAT ..... Columbia 1970 3,567 Foreign-beef production
 4. IITA ...... Nigeria 1970 4,549 Cow peas, yams; cultivation

 system in the humid tropics
 5. ICRISAT .. India 1972 1,200 Grain sorghums, millet,

 pigeon peas, chick pear
 6. CIP ....... Peru 1972 1,085 Potatoes

 Proposed Centers 1977 Budget 1980 Budget

 8. African Livestock Center (ILCA) .......... 3,230 6,300
 9. African Animal Disease Lab. (ILRAD) ..... 3,050 3,500
 10. West African Rice Research (WARDA) ..... 1,200 1,500
 11. Soybean Improvement (INTSOY) .......... 1,900 2,500
 12. Others ..................................

 NOTE.-Expected total budget of existing and proposed centers for 1980 is
 approximately $80 million.

 * CYMMT: International Maize and Wheat Improvement Center; IRRI: Inter-
 national Rice Research Institute; CIAT: International Center of Tropical Agriculture;
 IITA: International Institute of Tropical Agriculture; ICRISAT: International Crops
 Research Institute for Semi-arid Tropics; CIP: International Potato Center.
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 in the national systems. They are not subject to the administrative and
 political constraints that inhibit the productivity of the national organiza-
 tions. Perhaps the most important advantage of these centers lies in the
 scale of their operation.

 The major disadvantage of the international centers is that they are
 very expensive. Expenditure per senior scientist in 1973 was in excess of
 $50,000 and approximated $100,000 in some of the centers. This generally
 exceeds the comparable expenditure for even the most expensive developed
 country systems. For example, in the United States, expenditures per
 scientist-man-year were approximately $70,000 in the animal sciences and
 $50,000 in the crop sciences in 1970.6 The international centers would be
 roughly comparable to the most costly United States stations. The same
 research budget expended in national research systems in less developed
 countries would purchase at least twice as many scientist-man-years as the
 international centers do.

 The Determinants of Agricultural Research
 With the present very aggregative data, the analysis of the agricultural
 research system as an industry producing a capital good-knowledge-can
 only be preliminary and indicative. It is carried out on two aspects: the
 production function of knowledge and the demand for knowledge. The
 latter can be viewed both as an investment function, investment of the
 sector making use of the technical knowledge created, and as the funds
 allocation function-the agricultural research system is mainly publicly
 financed, and one may search for regularity in budget allocation.

 The main factors in production of knowledge are manpower, scientific
 and technical; capital equipment; test plots; various current outlays; and
 knowledge. The last is a very important factor which enters the production
 process in several ways. Partly knowledge is embodied in the scientific
 manpower; partly it is directly transferred (Mexican wheat varieties trans-
 ferred to India, for example); partly it is "borrowed" from other countries
 or disciplines to be used as an intermediate good in research.

 The borrowing of knowledge from abroad cannot be analyzed here,7
 but the other major aspects of the production process of knowledge are
 brought forward in table 7. The general form of the "knowledge production
 function" estimated in the table is

 P, = f(S, Ej, P14], Gj, Ni), (1)
 where

 13

 P i=1

 6 Robert E. Evenson and Finis Welch, "Research, Information, and Productivity
 in U.S. Agriculture," mimeographed (New Haven, Conn.: Economic Growth Center,
 Yale University).

 7 Evenson and Kislev, "Research and Productivity in Wheat and Maize."
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 TABLE 7

 KNOWLEDGE PRODUCTION FUNCTION (EQ. [1])

 REGRESSIONS

 (7a) (7b) (7c)

 R2 ...................... .840 .843 .907
 Constant ................ 1.183 1.115 1.195

 Scientist-man-year (S) .... .372 ... .378
 (3.11) (3.55)

 Plant physiology (p14) .... .426 .441 .565
 (5.67) (6.55) (6.98)

 Expenditures (E) ......... ... .341
 (3.22)

 GNP per capita (G) ...... ... ... .212
 (1.00)

 Newspapers per capita (N). ... ... -.214
 (1.24)

 NOTE.-Dependent variable: number of publications in
 country (Pj). Data are averages for 1962-68. No. of observations:
 44. In parentheses: t-values.

 total number of publications in agricultural sciences (not including plant

 physiology) in country j, Pij being publications in sector i in country.i (the
 sectors are the 14 sectors listed above); Sj = scientific-man-years in agricul-
 tural research; E, = expenditure on agricultural research; Gj = GNP per
 capita; Nj = number of newspapers per 10,000 people; and f( ) is a
 Cobb-Douglas function (the regressions were estimated in the double-log
 form). The interpretation of equation (1) is that knowledge (publications)
 is produced by researchers and by research budgets. The other variables in

 (1) stand for complementary factors: p14-plant physiology work-is a
 measure of biological, nonagricultural research. Per capita GNP and the
 number of newspapers per 10,000 in the country's population are socio-
 economic and cultural factors that are sometimes alleged to affect the
 quality (i.e., the productivity) of research systems.

 The production function was estimated (table 7) from a cross section
 of 44 countries; the observations were averages for the period 1962-68.
 Regressions (7a) and (7b) report the estimated elasticities of production
 with respect to number of scientist's and to expenditures (multicollinearity
 prevented joining the two factors in one equation). In both equations plant
 physiology is an important and significant variable-the elasticity of this
 factor is larger than those of the other two. Plant physiology work is
 serving partly as a quality index for the agricultural scientist. "Quality" in
 the agricultural scientist is an understanding of fundamental biological,
 physical and social phenomena. The basic sciences are "productive," in the
 sense that fundamental research findings serve as "intermediate" inputs in
 mission-oriented research activity. Plant physiology research is probably
 serving as a proxy for the availability of university training (particularly at
 the graduate level) that is based on the biological and geoclimatic con-
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 ditions of the country in question. It, of course, also represents a stream of
 new findings many of which enable the agricultural researcher to approach
 problems in new ways and with improved chances of success.

 As regression (7c) in table 7 indicates, with plant physiology in the
 equation, the socioeconomic factors represented by G and N do not have a
 significant effect on productivity. Since high-income countries spend more
 on science, including biological sciences, the result in regression (7c)
 indicates that it is not the income and cultural level that affects productivity
 but the complementary effect of biological research.

 The investment demand function (table 8) is estimated at the crop or
 subsector level. Publications on crop i in country j are explained by crop-
 level and country-level variables. The equation estimated is

 Pj = f(qi, Exij, Gj, Hi, wi, pP1)eBi, (2)
 where f( ) is again estimated in the double-log form. The newly defined
 variables are: qj = value of product i (i = 1,..., 11) in country j; Ex, =
 share of export in value of product i; Hj = share of farm labor in total
 labor force; wj = number of agricultural workers (males); and g, = a
 "product effect," a dummy variable measuring ease of publication or
 biases in counting in the product i.

 Note that only 11 crops are included in the analysis; soil science and
 phytopathology are omitted.

 As the regressions in table 8 indicate, larger product values entail
 more publications in the respective areas, but the elasticity is only of the

 TABLE 8

 INVESTMENT DEMAND FUNCTION (EQ. [2])

 REGRESSIONS

 (8a) (8b) (8c)

 R2 ...................... .367 .466 .460
 Constant ................ -1.545 -1.469 -1.918
 Product (q).............. .461 .404 .339

 (6.94) (6.22) (4.00)
 Exports (Ex) ............. .165 .210 .181

 (4.50) (5.68) (4.25)
 GNP per capita (G) ...... -.204 -.208 .927

 (.93) (1.48) (5.40)
 Share of agriculture in GNP
 (H) ................... - .072

 (24)
 No. of agricultural workers
 (w) .................. ... .610

 (5.25)
 Plant physiology (p14) ..... .304 .313

 (6.45) (7.13)
 Dummies (f) ............ ... Yes Yes

 NOTE.-Dependent variable: publications in country by crop.
 Data are averages for 1962-68. No. of observations: 435. In paren-
 theses: t-values.
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 order of magnitude of .4. The positive coefficient of the export variable
 indicates that countries direct comparatively more research to export
 crops. In some instances, this is the result of the structure of the research
 institutions inherited from colonial times. This may also be economically
 justified, as the demand for exports is elastic. A comparison of regression
 (8c) to (8b) reveals again the dominance of biological research over income
 as a productivity factor. The number of agricultural workers in regression
 (8c) is a measure of the absolute size of farm sector. The share in regression
 (8a) is a measure of its economic importance in the country. The signs of
 these two variables are what one would expect them to be, though the
 coefficient of H is very small and insignificant.

 The inclusion of the dummies-the f,'s-in the regressions did not
 affect the other estimates substantially, but the dummies correct for biases
 resulting from errors in counting or differences in publication policies in
 different research fields.

 Concluding Remarks
 The chief purpose of the paper has been to provide summary information
 about decisions that nations have made regarding investment in research
 and related activities. The data show that in 1965 none of the LDC regions
 of the world had research systems that were on a par with developed
 country systems. On any comparative basis, they were investing less.
 Publications per scientist were lower as well, reflecting lower levels of
 graduate training, less complementary science activity, and different
 organizational features.

 On the other hand, virtually all of the developed countries have in
 place substantial research systems, and have been investing roughly
 1 percent of the value of agricultural products on research. Southern
 Europe has been intermediate with respect to research investment and
 economic performance in the agricultural sector. Eastern Europe has
 moved from low levels of investment to intermediate or high levels since
 the Second World War.

 The LDCs have clearly given emphasis to extension and, by some
 comparisons, are investing more in extension effort than the developed
 countries (though the lack of data on private extension activity by agri-
 cultural supply firms is a major source of bias). Their move toward sub-
 stantial extension programs and relatively weak research programs has
 been fostered and encouraged by technical and financial aid from developed
 countries. This bias in LDC investment is partly justified on the basis of
 relative prices for extension and research services, but appears to be
 largely based on the belief that technology in the developed countries can
 be transferred to the LDCs with those programs.

 The regression results of the last section of the paper, while somewhat
 tentative in view of the data, have important policy implications. The
 finding that the productivity (measured by publication) of agricultural
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 scientists is importantly affected by related research in plant physiology
 should at least serve to raise new questions about the proper research
 "mix." The view that less developed countries should have a research mix
 dominated by applied "adaptive" mission-oriented research may be quite
 in error. This, of course, presupposes that research publications are a good
 economic measure of the output of a research system. We develop sub-
 stantial evidence elsewhere that they are.8 On the other hand, it is possible
 that the output of research systems which is not directly measured by or
 related to publications is of greater economic significance than that
 reported in publications. We can only suggest that if it is, research systems
 which are capable of publishing are probably also quite capable of
 producing nonpublished output as well.

 Appendix
 AGRICULTURAL RESEARCH AND EXTENSION-COUNTRY DATA (1965)

 PUBLICA-
 RATIO OF TIONS IN
 RESEARCH AGRI-
 EXPENDI- CULTURAL

 RESEARCH EXTENSION TURES TO RE- SERVICES
 VALUE OF SEARCH EXTEN- (No. OF

 Expendi- Expendi- AGRI- EXPENDI- SION PUBLICA-
 tures Scientist- tures CULTURAL TURES WORKERS TIONS
 (U.S. Man- (U.S. PRODUCT PER FARM PER ABSTRACTED
 $000) Years $000) Workers (%) (U.S. $) FARM IN 1962-68)

 Austria....... 1,800 170 ... 800 0.28 4.53 2.02 361
 Belgium ...... 9,260 650 ... 292 1.19 34.42 1.09 529
 Denmark..... 5,600 458 6,784 840 0.46 28.43 4.26 563
 Finland ...... 2,320 129 ... ... 0.47 5.98 ... 484
 France ....... 29,000 755 34,200 4,400 0.48 1,732
 W. Germany . 55,851 1,788 23,180 4,402 1.18 31.72 2.50 3,587
 Greece ....... 3,300 295 1,444 552 0.47 2.85 0.48 103
 Ireland ....... 6,700 328 2,400 502 1.43 18.61 1.39 158
 Italy ......... 13,000 853 14,122 3,082 0.40 3.03 0.72 1,856
 Netherlands .. 27,700 820 4,500 1,898 2.33 92.03 6.31 1,643
 Norway ...... 6,480 495 6,062 652 2.70 14.93 1.50 377
 Portugal ...... 2,500 394 3,965 807 0.70 ... ... 153
 Spain ........ 4,336 694 5,630 894 0.23 1.44 0.30 446
 Sweden ...... 11,000 408 5,800 610 1.40 41.51 2.30 858
 Switzerland... 5,800 392 1,730 406 1.62 ... ... 571
 U.K. ........ 28,500 1,839 13,460 1,648 0.80 71.97 4.'16 5,433
 USSR ........ 42,200 9,624 ... 0.16 9,461
 Yugoslavia ... 5,233 1,340 3,076 0.26 1.99 1.17 711
 Canada ...... 40,217 1,483 26,450 2,904 1.28 83.61 6.04 2,917
 USA ........ 350,000 13,800 178,000 6,233 0.81 94.34 1.68 21,092
 Argentina .... ... 300 1,800 392 .. 0.83 323
 Bolivia ....... 270 29 350 73 0.22 ... ... 20
 Brazil ........ 4,500 520 ... 603 0.09 1.34 0.18 440
 Chile ........ 1,300 223 300 122 0.43 ... ... 188
 Colombia .... .... 338 ... 235 ... ... 0. 19 119
 Costa Rica ... 579 76 ... 166 ... 8.91 2.55
 Ecuador ..... 1,370 87 1,645 320 0.53 ... ... 14
 El Salvador... 584 56 885 70 0.32 2.61 0.31 17
 Guatemala ... 300 15 ... 94 0.13 0.72 0.23 59
 Haiti.......... 160 50 687 28 0.41
 Mexico....... 1,837 231 250 300 1.73 1.35 0.22 259
 Nicaragua .... 503 43 ... 41 0.23 4.93 0.40 17
 Panama ...... 305 7 378 85 0.48 3.21 0.89 11
 Paraguay.......... 10 ... 46 ... ... 0.29 1
 Peru ......... 1,400 131 1,400 670 0.32 1.61 0.77 80
 Uruguay ..... 367 93 450 0.19 4.22 ... 27
 Venezuela .... 681 125 6,400 422 0.14 2.13 1.32 90
 Libya ........ 1,960 ... ... 78 3.56 13.52 0.54 3
 Sudan........ 4,798 82 ... 18 0.94 ... ... 124
 UAR ........ 9,200 400 ... ... 0.60 5.60 ... 357

 Afghanistan .. 1,500 36 ... 09 ... ... Cyprus....... 357 20 ... ... 0.79 ... ... 14

 8 Ibid.
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 Appendix (Continued)

 Israel ........ 7,000 403 ... ... 3.17 ... ... 491
 Syria.......... 440 15 ... ... 0.16 ... ... 0
 Turkey........ 3,500 397 7,580 2,746 0.17 ... ... 24
 Burma ....... 93 39 ... 1,262 0.04 ... ... 1
 Ceylon ....... 1,395 87 ... 200 0.58 1.19 0. 17 72
 India ........ 12,000 1,462 ... 56,000 0.15 0.25 1.15 4,551
 Indonesia ..... 131 54 ... 6,000 0.01 0.01 0.49 76
 Japan ........ 62,500 4,500 36,310 14,126 0.98 10.32 2.33 2,197
 S. Korea ..... 1,325 294 ... 3,217 0.11 0.57 1.38 50
 Malaysia ..... 820 32 ... 317 0.15 1.81 0.70 62
 Nepal........ 459 142 ... 200 ... 0.31 0.13
 Pakistan ...... 5,014 654 6,037 9,000 0.23 0.41 0.74 410
 Philippines ... 7,078 1,256 ... 617 0.69 3.27 0.28 435
 Taiwan....... 1,922 401 ... 1,100 0.28 2.38 1.36 325
 Thailand ..... 8,428 442 ... 502 1.13 2.62 0.16 36
 S. Vietnam ... 547 40 ... 95 0.25 0.29 0.05 19
 Cameroon .... 800 32 ... 310 0.38 ... ... 11
 Congo, Braz. . 233 29 ... ... ... 2.08

 Dahomey ..... 1,292 18 ... ... 2.53 ... ... 20 Ethiopia....... ... 30 308 1,204 ... ... ... 12
 Ghana ....... 2,385 128 ... ... 0.46 ... ... 76
 Kenya ........ ... 123 4,608 5,277 ... ... .. 184
 Liberia....... 160 34 ... ... 0.25 ... ... 21
 Malagasy Rep. 2,534 60 3,384 2,669 1.09 2.87 3.03 7
 Malawi ...... 966 48 1,288 778
 Mali.......... 625 21 ... ... 0.95 2.23 ... 0
 Mauritius .... 1,050 71
 Morocco ..... 1,976 55 ... 2,100 0.48 1.79 1.90 40
 Mozambique.. 1,000 42
 Nigeria ....... 3,354 335 ... 18,050 0.17 ... ... 205
 Rwanda...... 270 10 ... ...
 Senegal ...... 1,851 51 ... ... 1.16 6.27 ... 20
 Sierra Leone.. 165 23 ... ... 0.16 ... ... 16
 Somalia ...... 280 12 59 29
 S. Africa ..... 18,850 897 ... ... 1.51 171.36 ... 529
 Rhodesia...... ... 165 ... ...... .... . 139
 Swaziland .... 175 11 ...

 Tanzania ..... 1,288 51 ... 2,455 0.41 ... .. 88
 Uganda ...... 2,100 50 3,646 1,024 0.56 1.79 0.88 185
 Upper Volta .. 225 9 ... ... 0.30 ... ... 8
 Australia ..... 56,364 2,085 ... 2.11 223.67 ... 2,347
 New Zealand . 6,000 479 ... 472 0.55 82.19 6.47 822

 NOTE.-Ellipses indicate data not available.
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 A Stochastic Model of Applied Research

 Robert E. Evenson
 Agricultural Development Council, College, Laguna, The Phillippines

 Yoav Kislev
 The Hebrew University, Rehovot

 A mathematical model of applied research is formulated. It views applied
 research as a search in a given distribution; basic research shifts the

 distribution searched. The productivity of applied research effort is a
 function of the gap between technology in practice and basic knowl-
 edge. With constant basic and applied research a (stochastic) steady
 state emerges in which technological change is determined by the rate
 of progress of basic knowledge, and the technological gap by the level of
 applied research.

 Much of research work is experimentation, and often a technological

 development project consists of the testing of a collection of technologies

 (methods, formulas, timing, varieties of crops) to find the best one. At

 more basic levels of research, the scope of technologies available for testing

 is increased. Better theoretical understanding results in superior tech-

 nologies.

 This experimentation process is formulated mathematically in this

 This study was supported by a grant from the United States-Israel Binational Science
 Foundation. Previous support by the International Bank of Reconstruction and Develop-
 ment and by the Economic Growth Center of Yale University is also acknowledged.

 We have benefited from presentation and discussions of early drafts of this paper in
 seminars at Rochester University and the Airlie House Conference on Resource Alloca-
 tion and Productivity in International Agricultural Research. We are indebted to Meir
 Kohn, Hanna Lifson, Richard R. Nelson, and the Journal readers for comments and
 important suggestions.
 [Journal of Political Economy, 1976, vol. 84, no. 2]
 (? 1976 by The University of Chicago. All rights reserved.
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 paper. The approach is illustrated mostly in terms of agricultural research

 but is of a wider applicability.

 The approach was first suggested by the study of the development

 of sugarcane varieties (Evenson and Kislev 1975, chap. 3). It is

 inspired by Stigler's work on "The Economics of Information" (Stigler

 1961) and is similar in some aspects to Nelson's treatment of R & D

 (Nelson 1961).'
 Four stages were identified in the sugarcane breeding history. First,

 sexual reproduction of the cane plant was not known, and improvements

 were very slow, based on the occasional and rare cases of "natural"

 sexual reproduction. The second stage was the discovery of the conditions

 necessary to induce flowering and sexual reproduction. Seedlings were

 drawn from random crossings, and plants with superior potential were

 selected and propagated vegetatively. The third stage introduced pur-

 poseful crossing, directed to augment desired traits. The fourth stage was

 marked by even more specific selection programs directed to produce

 varieties suited to local soil, climate, and technological conditions.

 Selection can be described in statistical terms as a process of random

 drawings from a distribution. The overall distribution in sugarcane is

 that of all possible genetic combinations and mutations of the species.

 In the first stage of the cane breeding, the distribution sampled was

 that of the vegetatively reproduced, and therefore identical, plants with

 only occasional crossing. Thus, the drawing was limited to very few

 distinct observations. The population sampled was heavily concentrated

 around the current yield level.

 In the second stage, drawing was from the distribution of all possible

 crossings. Compared with the first, this stage was marked by an enormous

 increase in the sample variance. The third and fourth stages were charac-

 terized by the development of techniques to affect the distributions

 searched, to limit it to the part of the population with the stronger desired

 characteristics, and thus to shift its mean.

 Diminishing returns set in as search continues within the same dis-

 tribution, and productivity of research increases when the search shifts

 to a new population. This was exemplified by the history of sugarcane

 varietal development in Barbados, British West Indies. Work on Stage II

 varieties was carried out from 1880 to 1939. The station released 10

 important commercial varieties from 1902 to 1912, one from 1914 to

 1928, and one important and three minor varieties from 1928 to 1939.

 I For recent important contributions to the theory of economic search see Kohn and
 Shavell (1974) and Rothschild (1974). A less known early contribution is Karlin (1962)
 (pointed out by an anonymous Journal reader). Binswanger (1974) utilized a similar
 framework (based on an earlier draft of the present paper) in constructing his model of the

 micro-theory of induced innovation.
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 Work on Stage III varieties started in 1929. Under this project, 14 com-

 mercially important varieties were released between 1929 and 1939.

 The diminishing returns to search in the same population are also

 demonstrated by the increasingly larger numbers of cane seedlings tested

 per successful "find" of a commercial variety. During the period 1929-39,

 the ratio of successful varieties to seedlings tested was 1: 1,800 for the first

 five and 1:2,700 for the next nine Stage III varieties. During the same

 period and in the same station, this ratio was 1: 13,000 in the older Stage

 II variety improvement program.

 Technological research in other fields can be described in similar

 terms (e.g., the development and selection of chemical compounds). In

 our model, applied research is seen as a search within a distribution of a

 random variable. Basic research or learning shifts the mean of the dis-

 tribution or discovers new distributions to search. An intermediate posi-

 tion is occupied by work aimed at increasing the variance of the samples.

 The model formulated is an economic one; it is assumed that the objective

 function of the system is to maximize the expected present value of future

 income, inclusive of research cost. The system modeled can be either an

 economy with a research sector, or limited section of the economy with

 a research team working to improve technology within the section.

 The main innovation of the study is in the treatment of applied research

 and testing, emphasis in the following discussion being given to this aspect

 of research work. The framework of the analysis is initially to set up a

 pure-search model and later to introduce the possibility of more basic

 research into the model.

 Applied Research (Testing)

 The scientist (the scientific team) is assumed, in this section, to be pre-

 sented with a given distribution of outcomes whose parameters he cannot

 directly affect; his work is strictly testing; no basic research is done. To

 be concrete, imagine a research project aimed at increasing the yield of

 a crop. To simplify, assume that net income is in direct proportion to

 yield. Work on the project is composed of a succession of experiments. In

 control theoretic language, the state of the system is the yield at any point

 in time, and the results of the experiments are the transition equations-

 changing the yield level. The control variable is the extent of experi-

 mentation at any stage or time period. Again for simplicity, assume that

 the only control variable is the number of trials in an experiment--the

 number of drawings from a random distribution.

 Since the transition equation is a random process, the state variable is

 random, but other sources of randomness and uncertainty, such as

 weather effects, are disregarded.
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 At any period t an experiment composed of n, trials is conducted. The
 following variables are defined as follows:

 Yt: yield, technology level, net income in time t
 (t = 0, 1, 2, ... ), the state variable;

 n: number of trials, n = 0, 1, 2,..., the control

 variable;
 c(n): cost of experimentation, with c(0) = 0, and

 assume that Tc(n) is increasing with n at an

 increasing rate;

 xi: yield in trial i, (i = 1, 2, .. ., n);
 a (x): probability density function of x;

 F (x): cumulative distribution of x;

 z: the largest value in a sample of the random

 variate x;

 o= : the discount factor with r the rate of interest;
 + r

 V: the objective function;

 E: expectation operator;

 Ay = yt - Yt1: yield increment;
 E{x}:mean ofx;

 Var (x): variance of x;

 D: first difference operator, e.g., Dc =c(n) -

 c(n - 1).

 The search process is a sequence of experiments, each composed of nt
 trials. A single trial can be a test of a technique one variety of a crop, a

 certain dose of fertilizers, one planting date. Because of the variability
 in experimental conditions, a trial is usually carried out in a number of

 replicas. This variability is, however, disregarded here, and it is assumed

 that a trial has a single outcome-an observation from the distribution of

 yields, in our example.

 Each trial results in an observation--one drawing from a random

 population. The outcome of the experiment is the best observation in the

 sample. The statistical process of choosing the best outcome from a set of
 random drawings is treated under the heading of the theory of extreme

 values (Gumbel 1958; Epstein 1960) in the general subject of order
 statistics.

 Utilizing the symbols introduced earlier, xi is the yield in trial i and
 z = xj, x; 2x i (i = 1, 2, ..., n).

 The cumulative distribution of z is

 Hn(z) = Pr (all xi < z) = Fn(z), (1)

 and the density function (if existing) is

 hn( ) = nF-(z)f (z). (2)
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 The analysis will be illustrated in terms of the exponential distribution:

 f(x) - -Ae(x-0) 0 < x; (3)

 F(x) = 1 e-"(x-o); (4)

 E(x) =0 + (5)

 Var (x) = (6)

 The cumulative distribution of the largest values is, employing (1),

 HII(z) = [1 - e (ZO)] n, (1')

 and the probability density function is

 h. (z) = An[l - e -A(z-0)]n- le-A(z-0) (2')

 See figure lwhereX = I;0 = O;n =1, 2,...,5.
 The expected value and the variance of z are (Gumbel 1958)

 E(z 1 n~ 1 (7) En(z) = 0 + - E .; (7

 Var(z 1I' 1 (8)
 Van (Z) - E i 2(8

 In each time period, an experiment consisting of n trials (n drawings
 from a random distribution) is conducted. The result of each trial is an
 observation, x, the yield level associated with the tested technique. If the
 outcome of the experiment is higher than, the yield under the current
 technique, the new technique is put to use andy increases. If not, y does
 not change. The search is then repeated, within the same distribution,
 perhaps with a different n.

 Formally,

 Ay = z-y ify < z (9)

 Ay = 0 otherwise.

 The expected value of the technology increment is2

 E (Ay) = (z -y)hn(z) dz = { [1 - Fn(z)] dz. (o0)
 Y Y

 2 Strictly speaking, the last integral in (10) exists for F such that Fn > 1 _ z-2 for
 large values of z, which holds for the exponential distribution. For a more general treat-
 ment of this case, see De Groot (1970, p. 246). We are indebted to a Journal reader for this
 reference.
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 FIG. 1.-The function h.(z) = n( -e-x)n-le-x. Source: Gumbel 1958

 As expected, the contribution of an additional trial is positive and

 diminishing:

 En(Ay) - En (Ay) = Fn-l(z)[ - F(z)] dz. (11)

 Since 0 < F(z) < 1 fory < z < oo, the difference En(Ay) - En (Ay)
 is positive and is a decreasing function of n.

 For the exponential distribution the expected value of Ay is

 En(Ay) = 1 - [1 - (12)

This content downloaded from 132.64.29.173 on Thu, 14 Sep 2017 04:15:58 UTC
All use subject to http://about.jstor.org/terms



 A STOCHASTIC MODEL OF APPLIED RESEARCH 27I

 and its variance

 Var. (Ay) = 2EE(A) 2E(Ay). (13)

 Time Evolution and Optimization

 The search process proceeds over time, improving technology whenever

 possible. The present value of the system of production and technological

 research is

 V(y) = E [Yt - c(nt)]at}, (14)

 wherey is the present technology level (at t = 0). Let V*(y) denote the

 value of a system when an optimal research policy is followed; it can be
 written in the form of a recursion functional as

 V*(y) = max [y - c (n) + a V*(z) dFn(z) + cLFn(y)V*(y)1.

 (15)

 The last two terms on the right-hand side of (15) are the benefits B (y, n)

 due to the present experiment

 00

 B(y, n) = c V*(z) dFn(z) + acFnl(Y)V*(y),

 and they are, respectively, the expected value of a system starting next
 period from a better than current technology if such a technology is
 found -and the value of the current system weighted by the probability
 that the outcome of the experiment will not exceed the current yield.

 Incremental benefits from increasing the number of trials in an experi-

 ment are positive and diminishing:

 DnB B(y, n) - B(y, n - 1)

 = V*(z)[nfFn-1 - (n - I)fFn-2] dz (16)
 4~Y

 + aCV*(y)(Fn - F-n-l)

 Integrating by parts, we get

 D B = a V -(Fn-1 - Fn) dz ? 0, (17)
 az
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 since (aV*/az) > 0, as a discovery of a better technology can only
 improve the value of the system. This proves that incremental benefits are

 positive; they are diminishing;

 DnB - Dn r (2Fn-1 - Fn - Fn-2) dz < 0, (18)

 since 2Fn' < Fn + Fn2

 The cost function c(n) is, by assumption, increasing with n at an

 increasing rate:

 Dnc _ c(n) -c(n- 1) > 0; (19)

 Dnc - Dn 1 c > 0.

 Since incremental returns are decreasing, optimal n will be such that

 1Dn-1c - Dn-1BI ? IDnC - DnBI < IDn+lc - Dn+lBl. (20)

 This is illustrated in figure 2.3

 Economic Properties of Optimal Solutions

 1. The optimal number of experiments is a decreasing function of the

 rate of interest, as DnB in (16) decreases with r.
 Since the extent of experimentation, technological research, is a de-

 creasing function of the rate of interest, technological progress will also be

 a decreasing function of the rate of interest. This is one aspect in which

 the present model resembles Solow's embodiment model (Solow 1960).

 In our model, technical progress is the outcome of investment in research;

 in Solow's model it is embodied in new capital assets. In both cases, the

 rate of progress is a function of the rate of interest.

 2. It is useful to view technological research as filling a gap between

 basic knowledge and the level of technology in practice (Nelson and

 Phelps 1966). In the exponential distribution (3), the level of basic

 research can be represented by the parameter 0. The smaller the difference

 y - 0, the larger the technological gap and, in our model, the easier it is
 to improve the technology. The analytical difficulty here is that a change

 in 0 modifies the distribution searched and affects V* (y) by changing all

 3The present optimization framework can undoubtedly be expanded to include
 adaptive search, sequential experimentation with various stopping rules, and similar

 cases. This has not been done here in order to preserve simplicity and shortness. The
 qualitative results and the major characteristics of research systems focused upon in the
 present model would have remained unchanged. Note in this respect Rothschild's

 (1974, p. 689) conclusion that "not invariably, but in many instances, the qualitative
 properties of the optimal-search strategies . . . are the same [in the adaptive case] as in

 the simpler case when the distribution is assumed known."
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 future (expected) steps. We therefore show explicitly the effect of a change

 in 0 on the expected value of a system in which only one experiment is

 conducted. The benefits of such a system are

 B ' (y, n) = znf (z) F (z) dz + -Fn(y) y, (21)
 r y r

 and in the exponential distribution [with the density function Xe-A(zO0)]

 aB aB

 therefore

 aB l -to ( 2Fn caFn

 00 r Y OZ a2 dz -- y.
 Integrating by parts

 OB

 ao' 1 [1 -Fn(y)] > 0. (22)

 Since (22) is true for any value ofy, current and future, an increase in 0
 will increase the value of B (y, n) for any unrestricted system.

 3. Economies of scale can be introduced by multiplying V in (14) and

 (15) by a scale factor. The larger this factor, the higher optimal n and the

 faster technological progress.

 This formulation will represent cases in which technology is identical

 throughout the volume of operation of a firm or an economy, for example,
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 if a new variety will raise yield equally in all fields or if a new chemical

 compound will increase productivity equally in all its applications. In

 other cases, however, scale represents, at least partially, variability in the

 conditions of production: the larger the area sown to a crop, the more
 variable growing conditions are; and this variability factor dampens the

 direct, proportional scale effect.

 4. The benefits are a decreasing function of y, since y is the lower
 bound of the integral in B (y, n). So also optimal number of trials, n, is a

 decreasing function of the level of technology, y. Eventually optimal
 n = 0 and technological research will stop. This will be the case when

 DnB < c(n) (23)

 for any n. Particularly,

 D1B < c(l), (24)

 or, written explicitly,

 00

 0I V*(Z)f (z) dz + ocF(y)V*(y) < c(l). (25)

 Thus after a certain level, technology will stagnate forever. This stagnation
 will not occur if basic science progresses continuously. This possibility is
 analyzed in the second part of the paper.

 5. The inequality in (25) is not only the condition for stopping a re-

 search project, it is also the condition for not starting one. A project will
 not be undertaken if the expected benefits of even a single trial in a single
 experiment will not exceed the corresponding cost:

 E1 (Ay) = [1 - 1 -e- (Y- )]
 r r i

 = I e-A(Y-0) < c(l). (26)
 r i

 If the system starts from a position represented by (26), then a change
 in one of the following three parameters can make technological research
 justifiable: (a) A reduction in the rate of interest; (b) An increase in the
 basic knowledge parameter 0, since

 EI (Ay) -A(Y-0) > 0;

 (c) A decrease in i, since

 aE1(Ay) = _ 1 + y - 0 < ?
 dA i i}
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 The last is an increase in variance of the population searched. This is an

 example of variance increasing research; for instance, the International

 Rice Research Institute in the Philippines accumulated a collection of

 15,000 rice varieties increasing substantially the variance of the rice

 varieties population searched for genetic material.

 Basic Research

 In terms of the present model, basic research can be classified into three

 categories: basic research can shift the mean of the distribution searched,

 it can change its variance, or it can create new technologies discover

 new distributions to search. The following discussion will analyze the

 first case; the last is treated in the concluding section of the paper.4
 With mean shifting basic research, 0 is no longer constant. Its per period

 growth, due to basic research, is AO, and it is assumed throughout the dis-

 cussion that AO is constant. It is shown below that optimal n converges, if

 AO is constant, to a constant level. But a constant level of applied research

 will not be limited to optimal system. Quite often a research organization

 is operated at a certain constant level determined by budgets and political

 circumstances. In such a case an interesting property emerges.

 Property (steady state). If both basic research and technological research

 proceed at constant rates, a stochastic steady state emerges at which

 technology in practice improves at a rate equal to the rate of advancement

 of basic research. Formally, if AO = constant, n = constant, then eventu-

 ally E.(Ay) = AO.
 Proof-For the analysis of the search process, the state variable is not

 y but, rather, 4 = y - 0, and we have to show that, if n = constant,

 AO = constant, then 4 = constant.

 Rewrite E,,(Ay) as

 E n eA E 1 - (1 -e 4)L En(Ay) Z

 now

 a E, (Ay) n ~)l.(7 __ = - Z ) E e-A4(1- e-A 4) i e (. (27)

 As 4 grows, En(Ay) decreases, and vice versa. There exists a steady-state
 value of 4, 4*, a function of n and AO, which will be maintained (stochas-

 tically); it is defined by

 En(A=*) iAO= (28)

 Q.E.D

 4The case of variance increasing research is discussed, in a similar framework, in

 Evenson and Kislev (1975, chap. 8).
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 FIG. 3.-Steady-state 4 for A = 1; n = 1, 2, . ,5; 0 < AO < I

 Steady-state 4 can be written as

 (* = 4* (n, AO). (29)

 Figure 3 illustrates equation (29) for ( * = 1, 2, 3; I ; n = I1, 2, . . ..
 5; 0 < AO < 1. The broken lines in the figure only connect steady-state
 (n, AO) pairs; other points on the lines are meaningless. We shall now
 investigate algebraically the properties of (29).

 For a given n, steady-state 4 is a decreasing function of AO. To see this,
 differentiate (28) with respect to AO

 , /(A _ I = 0;

 I /~~~( e e(0

 I 4 = -[I (I -e- if*)i-le- if 4* (31)

 I A -=

 The interpretation of this result is that in the steady state for a given level
 technological research (a given n), the higher the rate of basic knowledge,
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 the larger the gap between basic knowledge and technology in practice
 (the smaller 4*). This property stems from the fact that the bigger the gap,
 the more productive will technological research be. In the steady state
 this gap, represented by the variable 4*, is the only endogenous variable
 in the system; the bigger AO, the larger the gap which will maintain

 En (Ay) = AO.
 Steady-state 4 can even become negative. For example, if A = 1 and

 n = 1, ,* < 0 for AO < 1.0. This can readily be seen by rewriting (28)
 for AO = 1:

 E1(A,*) = e - 1 = 0. (28')

 Clearly, 0 = 0 in (28') and by (31) * < 0 for AO > 1.

 A negative 4* means that basic knowledge has advanced, relative to
 technology in practice, to such a level that any search will find (with
 probability one) superior technologies. It should not be surprising that
 such cases are not observed often in the real world. Technological research
 is an economic activity, perhaps not always conducted optimally, but

 surely directed into areas with obvious and safe gains and, thereby,
 eliminating these potential gains.

 To find the behavior of 4* as a function of n, approximate the sum in
 (28) by an integral

 E(AJ*)= 1di - AO = 0. (28")

 Differentiating (28") with respect to n and rearranging terms, we get

 ___ _ 1 - (1 - e *)n 0 (32)

 An noe - ( - e -*)i1 di

 The steady-state 4 grows with n-the more technological research is con-
 ducted, the smaller the steady-state gap between technology and basic
 knowledge.

 To find the optimal level of experimentation, note that the present
 value of the system in a steady state is

 00

 co = E [E(y,) - c(n)]t
 t=0

 o + E En En(AY)] _ c(n)

 00 ?,* -c(n) + O Eo tot. (33)
 r t=O
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 The only terms in the last line of (33) which are functions of n are 4* and

 c(n). Therefore, the problem of optimal n can be formulated, disregarding

 the other terms, as

 Max [4*(n, AO) - c(n)]. (34)
 n

 The maximization in (34) is not limited to t = 0, as one may erroneous-
 ly conclude from an examination of (33); any t can be viewed as t = 0.

 The problem is to find what constant level of technological research to

 maintain so as to reach an optimal (stochastically) constant level of 4*.

 In other words, in the steady-state situation, technological research does

 not determine the rate of progress of technology this rate is equal to the

 exogenously determined rate of progress of basic knowledge rather,

 technological research determines the level of technology in practice or,

 rather, the constant technological gap. ' In this respect, the present model
 is similar in character to the Nelson and Phelps (1966) model, where in a

 steady-state equilibrium schooling determines the technological gap,

 while the rate of technical progress is determined by the rate of advance-

 ment of basic science.

 From (32) it can be shown that

 2 < 0, (35)

 and since Dnc _ c(n) - c(n - 1) ? 0, optimal n will be the value for
 which

 Dn-l* - Dn-Icl ? JDn4* - DAcI < IDn+1* - Dn+1cl,
 (36)

 where Dn_* = 4*(n, AO) - ;*(n- 1, AO).
 What effect will the rate of basic research have on optimal n in the

 steady state? On the one hand, the faster the advancement of basic
 knowledge, the higher the productivity of applied research; on the other

 hand, in the steady state, the higher the level of basic research, the smaller

 the technological gap. In fact, as can be seen by differentiating (32) with

 respect to AO, the sign of 02 *1In DAO is indeterminate, and the magni-
 tude of this second derivate is very small. In the numerical example

 used in the illustration of figure 3, optimal n, over the range 0 < AO < 1,

 is almost always independent of AO. This can be realized by examining

 figure 4, where Dn4* is plotted against n for AO = .1, .5, .9. Note, for
 example, that if c(n) = .4n, (Dnc = .4), optimal n will be n = 3 for any
 AO at least over the range .1 < AO < .9.

 This tendency of the applied research to be a decreasing (at least, not

 5 An exception is the case of n = O-no technological research-in which technology
 in practice is stagnant and the technological gap constantly increases as basic research
 adds to the stock of basic knowledge.

This content downloaded from 132.64.29.173 on Thu, 14 Sep 2017 04:15:58 UTC
All use subject to http://about.jstor.org/terms



 A STOCHASTIC MODEL OF APPLIED RESEARCH 279

 Dn~~~~~~~~~~~~~~

 .8

 .6Ae.

 .4/

 /Ae:.9
 .2

 I

 n

 FIG. 4.-D,4* - 4*(n AO) - ,*(n - 1, AO) for 1 = 1,n = 1,2. 5

 an increasing) function of the rate of basic scientific advancement is a

 reflection of the steady-state conditions, where the faster basic knowledge

 accumulates, the larger the technological gap (the smaller 4*) and the

 smaller may be the optimal n. A different case is discussed in the following

 section.

 Exogenously given AO and the cost function c(n) determine the pair

 optimal n and 4* in the steady state. If the system starts with 4 < 4*,

 then marginal returns to experimentation will be larger than in the

 steady state and optimal n will tend to be larger than steady-state optimal

 n. With time, as - 4*, optimal n will approach its steady-state value. A
 similar convergence to equilibrium, in the opposite direction, will take
 place if initially 4 > 4*. The steady state is the long-run equilibrium

 stable position of an optimal system.

 Concluding Remarks on the Discovery of New Technologies

 Science creates a great variety of applicable technologies, from electricity

 to antibiotics, from atomic energy to genetic engineering. In terms of the

 present model, the discovery of new technologies is represented by the
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 opening up of new exponential distributions for search. For simplicity,

 assume that all technologies are characterized by identical distributional

 attributes: identical A and 0 parameters; moreover, assume that 0 = 0

 in all distributions. These are strong assumptions, but they permit focusing

 the discussion on some essential issues. The relaxation of these assumptions

 will complicate the analysis greatly and will have to be postponed to

 another occasion.

 Let k be the technology index; k is a vintage parameter: The more

 recent the technology, the higher its k value. The expected income from

 an experiment in technology k is

 n(k) 1 - [1 - -(kl

 Ei(k)[Ay(k)] =E (37)

 For newly discovered technologies, (37) reduces to

 n(k) 1

 En(k)[Ay(k)] = E , (37')

 sincey = 0 for new technologies.

 At any point in time there exists a spectrum of technologies in the

 economy. Technological research is now an industry with a rising supply
 function

 c(n), n = (k),
 k

 of factors of research. Experiments will be allocated to technologies

 according to their comparative standing in the current technological

 spectrum.

 The discussion that led to equation (20) can now be repeated, and

 again that equation is the condition for optimal allocation of experiments
 with one departure from the previous analysis. If there is a large number

 of distribution to search, then Dnc is now the incremental cost function
 for the industry; it is taken as datum when considering a single distribu-
 tion. In other words, with a very large number of technologies, the allo-
 cation of research efforts becomes analogous to the organization of a

 competitive industry with separate firms doing research in the separate

 distributions.

 In addition to ordering distributions by their vintage index k, they can

 now be ordered by theiry(k) value. There will be a strong (negative)

 correlation between y and the vintage index, but these will not be the
 same orderings. A break-even value ofy will bey* maintaining

 -- e - = c(1). (38)
 r A
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 The term on the left in (38) is identical to the present value of the

 incremental income due to an experiment of one trial. Distributions with

 y > y* will not be subject to search any more. These distributions are

 technologically exhausted. Exhaustion is an economic phenomenon; a reduc-

 tion in the cost function, for example, will cause the resumption of search

 in previously exhausted technologies.

 Technological exhaustion should be carefully distinguished from

 obsolescence. The last is a market phenomenon, reflecting changing com-

 parative advantages of technologies and not treated in the present study.

 The rate of progress of basic science is measured in the model by the

 number of new technologies discovered per time period. The larger this

 number, the higher the demand for research factors and the higher the

 rate of experimentation. At the same time, the higher the rate of advance-

 ment of basic science, the faster the rate of exhaustion of old technologies.

 In fact, in a steady state, the number of exhausted technologies will be

 equal to the number of newly discovered technologies, and the larger this

 number, the less search will be conducted in a typical technology before
 its exhaustion.
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A Model of Agricultural Research 
1 

Yoav Kislev 

10 

There is substantial evidence to support the notion that the rate and direction 
of agricultural research are influenced by economic circumstances.2 The is
sues involved in this proposition are usually discussed in terms of "demand
oriented research" or "biased technological change" and focus on the payoffs 
to potential innovations. 3 However, as is so often the case, equilibrium is 

determined by both demand and supply. The basic building block of the 
theory of supply is the theory of production. The purpose of this chapter is 
to suggest a formal model of research, particularly of applied research, in the 
hope that this model will contribute a theory of the production of knowledge 
and help in understanding the supply side of the process of technical change. 

The most important difference between the production of knowledge and 
the production of tangible goods is the strong element of uncertainty associ
ated with the outcome of research work, and it is on this element that the 
present model focuses. The model is inspired by Stigler's work on the eco
nomics of information and is similar in some aspects to Nelson's treatment of 
research and development.4 

The discussion starts with a presentation of an actual example. Applied re
search is modeled as a search in a distribution of unknown outcomes. One 
section discusses the properties of the model, and another is devoted to the 
effect of advancement in basic knowledge on applied research. 5 The last 

section draws some implications for the problems of the international agricul-

265 
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tural research centers and highlights a severe shortcoming in our understand

ing of the operation of research systems, particularly publicly supported 

systems. 

The Development of Modern Sugarcane Varieties 

To create the model, it will be useful to open our discussion with a short 

history of sugarcane variety development (see also chapter 8). 
Four stages can be identified in the history of sugarcane breeding. First, 

sexual reproduction of the cane plant was not known, and as a result, im

provements in the plant were very slow to come, based on occasional and rare 

cases of "natural" sexual reproduction. The second stage can be dated from 
1887, when it was discovered that proper light and temperature conditions 
can induce flowering and thus sexual reproduction. Crossings were then made 

and offspring observed, and seedlings with superior potentials were selected 

and propagated vegetatively. At this stage, crossing was random. The major 

innovation of the third stage was the directed crossing of selected parents, 

aimed at specifically influencing characteristics of offspring. At this stage, 
wild, disease-resistant cane varieties were introduced into the breeding pro

gram. The fourth stage marks the modern period in sugarcane breeding where

in most of the effort has gone into the development of species suited to 

specific local climate and technology conditions. 

Starting with the second, each stage was characterized by an innovation in 

the method of research. This innovation augmented significantly the produc

tivity of research, which in turn encouraged the establishment of new experi

ment stations and the development of new varieties. After a while, however, 

returns to research began visibly to diminish, as the potentials revealed by the 
innovation were gradually exhausted. 

In statistical terms, each crossing is a random drawing from the population 

of all genetically possible types. This selection is a process of search, by draw

ing, in a population of outcomes. Figure 10-1 depicts the four stages of sugar

cane development. In the first stage virtually all the observations - cane plants 
in the field - were concentrated around one value with very little probability 

of discovering different types. In Stage 2 the sample variance was increased 
tremendously; both inferior and superior types were observed among the 
seedlings, and the best were selected. By identifying parents, search in the 

third stage was limited mostly to one portion of the population. That portion 
is in itself a new population centered around a higher mean than those of the 

original Stage 1 and Stage 2 populations. Similarly, Stage 4 marks a shift to a 

new, different population. 

The selection depicted in Figure 10-1 is unidirectional, aimed, say, at achiev-
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Stage 1 

Figure 10-1. Stages in the development of sugarcane varieties. 

ing higher yields. In reality, selection processes usually cover more than one 

characteristic of the organism. For simplicity, at this stage, the model to be 
developed below is also limited to unidirectional selection processes. 

For concreteness, our discussion will be couched in terms of genetic-selec
tion application and yields, but the model is of wider application. Research 

in other areas, such as organic chemistry, pharmacology, and the development 

of plant protection compounds, is technically a search and selection process, 

similar to breeding processes. 

The Model 

Imagine a scientist (or a scientific team) working to improve technology to in

crease the yield of a crop. To simplify, let us assume that income is propor
tional to yield and that the objective of the scientist is to maximize income 

of the whole system - research and production. Here, of course, is hidden one 
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of the crucial issues of applied research: What signals does the research system 
get from its "customers," and what dictates its response? We simply assume 
that the scientist is aware of the economic implications of his work and acts 

to maximize net benefits. The scientist faces a given distribution of genetic 
types, which he searches to find the best. An experiment is, in our formula
tion, a sample drawn from the distribution of unknown outcomes. In each 
period the scientist conducts such an experiment, that is, he draws one sam

ple. The genetic types obtained in the sample are ordered by their yield level, 
the highest yield regarded as the outcome of that experiment. If the outcome 

of the experiment is better than the currently practiced technology (variety), 
the newly discovered technology will replace the old and yield (income) will 
rise. If not, the current variety is maintained. Experimentation may then con

tinue. 
The process is illustrated with the exponential distribution which can be 

taken to approximate the right-hand tail of the normal distribution. The ex
ponential distribution is f(x) = Xe - A(x - 8) and it can be shown that for 

large samples the distributions of the maxima (which is what we are interest
ed in here) converge to the same distribution for a large class of original dis
tributions including the normal and the exponential.6 In Figure 10-2 yield is 
measured along the horizontal axis, cumulative probability and probability 
density along the vertical axes. The experiment depicted in the figure is com
posed of a sample of three drawings from the random exponential distribu

tions - with yields x1, x2, x3. In the figure x3 exceeds the current yield level, 
marked y; therefore a variety replacement will take place, yield increment 
being 6Y - the difference x3 - y. Had the yield of the best variety in the ex
periment been smaller than y, the use of the current variety (with yield y) 
would have continued. 

Since the actual outcome of the experiment is not known in advance, the 
value of the expected contribution, E (6y), for a given distribution of poten
tial outcomes depends on the following two magnitudes. 

1. The extent of experimentation, that is, the number of observations. The 

larger this number, the higher the probability of finding x values of larger 
magnitude. The probabilities, the density functions for the highest value in a 
sample, are depicted for five values of n in Figure 10-3. 

2. The value of y - the current yield level. The higher the current level of 
technology, the less probable it is that an improvement will be discovered. 

The economic value of the expected technological improvement is the 
present value of its future contributions. For simplicity of exposition we shall 
regard it here as 1/r [ E(6y) J. This will be the correct contribution if experimen

tation is to take place only once; if it continues in later periods, an improve
ment today "spoils" the chances of improving technology tomorrow. This 
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Figure 10-2. The exponential distribution with a sample of three observations. 
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Figure 10-3. Density functions for maximal values of the exponential distribu
tion f (x) ~ e - x for n - 1, ... , 5. 
Source: E. J. Gumbel, Statistics of Extremes (New York: Columbia University 
Press, 1958), by permission of publisher. 

means that for an ongoing research project the economic value of the expect
ed technological improvement is lower than 1/r [E(6y)], but this does not af
fect the relevant properties of the research system to be analyzed below. 

The economic problem of the research system is to decide on the optimal 
amount of experimentation to conduct in each period - on the optimal num-
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Incremental cost 

Incremental benefits 

n* n 

Figure 10-4. Optimal number of observations, n • (the smooth graphs in the 
diagram approximate step functions). 

ber of observations, n, to draw. A reasonable assumption is that cost of re
search is an increasing function of n. Average costs may decrease for small 
values of n. This introduces nonconvexities which are assumed away at this 
stage. As an examination of Figure 10-3 will reveal, incremental technology 
improvement is a decreasing function of the number of observations; that is, 
each additional observation adds something to the expected technology incre
ment, E(6y), but these additions get smaller and smaller as the number of ob
servations increases. The magnitude En(6y) - En_ 1 (6y) is positive and de
creasing with n. We get, therefore, the familiar equilibrium position deter
mined by the intersection of marginal (incremental) cost and returns (see Fig
ure 10-4 ). 

Implications and Extensions 

Technological research is more fruitful the wider the divergency between the 
level of theoretical scientific knowledge and the level of technology in prac
tice. Nelson and Phelps made this assumption in their model of technological 
diffusion and schooling. 7 Evenson and I estimated the increase in the produc
tivity of research in one country owing to the availability of relevant knowledge 
in other countries.8 Technological gaps also explain rates of international tech
nology diffusion when adaptive-type applied research is needed to facilitate 
the transfer of knowledge (see chapter 8 ). 

In our framework a formal definition of the technological gap is the differ-
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ence y - 8 (see Figure 10-2 ). Optically, this may seem inappropriate, as one is 
inclined to define the technological gap as the difference between some 
potential technological ceiling and the current level of technology. But such 
a ceiling can probably never be defined, and our measure, the magnitude 
y - 8, measures the ease at which new technological improvements can be 
achieved. On more formal terms, the smaller the difference y - 8 the higher 
the probability of finding technologies superior to the currect practice for a 
given rate of experimentation - a given n. 

With our assumptions, 6y, the technological change, can be only positive -
technology can only improve with time, closing the technological gap as it im
proves. Even if experimentation continues at the same rate (n = const.), tech
nological change will decrease with time. Moreover, since the marginal expect
ed returns to research will decrease with time (as the technological gap closes), 
optimal n will decrease with time, reducing even further the acceleration rate 
of technology. Eventually, a point will be reached at which expected returns 
will be smaller than the cost of a single observation, n = 1, research will stop, 
and technology will stagnate forever. 

It is worthwhile to recall at this point the assumptions that led to our con
clusions: (a) technology will stagnate so long as basic knowledge is constant 
(8 = const.); and (b) research will stop as its payoff diminishes. Even if 8 = 

const., research will continue if technology deteriorates or is subject to obso
lescence. This might be termed maintenance research - the research necessary 
to maintain current productivity levels. 

The optimal rate of experimentation depends on the present value of future 
probable benefits from research - 1/r [E(6y)]. The lower the rate of interest, 
the higher the present value of future benefits and the higher the optimal 
level of technological research. Like any investment, research (investment in 
knowledge) is a decreasing function of the rate of interest. 

Scale can enter the economics of research in several ways. Evenson dis
cusses the effect of the scale of the experiment station. 9 Here economies of 
scale in the creation of knowledge stem mainly from the interaction of sci
entists working in different disciplines and from the integration of research 
and graduate university training, factors which cannot be introduced into our 
model in its present, simplified one-product stage. 

Another, different aspect of scale effect is the size of the industry which 
is affected by the new technology. The larger the industry, the higher the 
benefits to research. But, particularly in agriculture, size of industry as mea
sured by acreage, for example, is also associated with diversity in conditions 
of production. In this case benefits will not be directly proportional to 
scale. 10 

Recall that the first stage in the development of the modern sugarcane va-
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Figure 10-5. The effect of an increased variance [Var(x) ~ 2 , Az > "c-. 1 ]. 
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rieties consisted, in fact, of the discovery of a variance-increasing technique. 
The importance of research designed to develop a genetic pool that incor
porates greater diversity (variance) is not always properly appreciated. The 
collection of varieties, radioactive radiation, methods for creating new chemi
cal compounds - all these are variance-increasing techniques which are fol
lowed by search and selection types of research work. 

In our model the variance parameter is A. (In the exponential distribution 
it is also the mean parameter [E(x) = 8 + 1/'A].) Reducing A will increase the 
probability of finding higher x values (see Figure 10-5) of improving tech
nology. Often applied research will not be economically justified until ways 
to increase the variance of the samples observed are developed. 

Basic Research 

Basic research widens the technological gap :md increases the probability of 
finding superior technologies. In our model, basic research will shift the 
parameter 8 to the right (see Figure 10-6) and will increase optimal experi
mentation. 

It is interesting to note here a steady-state property. Assume that basic re
search and applied research proceed at constant rates (per period 68 = canst., 
n = canst.). Then the rate of advancement of technology in practice will ul-
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Figure 10-6. Basic research shifts the population searched to the right. 

timately converge to the rate of advancement of basic knowledge. (A special 
case has already been encountered: in the absence of basic research, tech
nology will eventually stagnate at a constant level.) The level of technological 
research in the steady state does not affect the rate of technological advance
ment, but only the level of technology in practice (see Figure 10-7). 

Technology y 

(n=o> 

Time 

Figure 10-7. Time path of technology in the steady state at different levels of 
experimentation (n2 > n1). 
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The proof of the steady-state property is based on the fact that technolog
ical improvements at a rate faster than the advancement of basic knowledge 
will close the technological gap and decrease the probability of further tech
nological change. Slower technological improvements will increase that prob
ability. The endogenous variable in the system is the technological gap - it 
will be adjusted to maintain a steady-state equilibrium, with technological 
change fluctuating stochastically around a constant rate of change. 

It can also be shown that in the long run, if basic knowledge proceeds at a 
constant rate, constant rate of experimentation is optimal. Thus in the long 
run the steady state is the optimal state of a research system fueled by a con
stant rate of new basic knowledge. 

Concluding Remarks 

Perhaps the most dramatic recent development in the field of agricultural re
search is the establishment of the international research centers. With their 
size and resources they can draw the best scientists, and they are well equipped 
to perform their task. Two elements contribute substantially to the success of 
these centers: (1) a wide technological gap - an example which comes imme
diately to mind is the case of the Norin 10 Japanese dwarf wheat variety 
which served as the basis for the development of the Mexican wheats and 
later provided principles for the breeding of the "miracle rice" varieties; (2) 
the large variance of the populations they search - the International Rice Re
search Institute (IRRI) alone has a collection of 30,000 rice varieties, and the 
International Center for the Improvement of Maize and Wheat (CIMMYT) 
performs tests all over the world. The subtropics and the tropics have been 
comparatively neglected in agricultural research, and the potential exists there 
for successful international efforts. (On these issues see chapters 7 and 9 .) 

Yet eventually, once the gap has been closed and the large variance exploit
ed, the rate of progress of technology will be limited by the advancement of 
basic knowledge. Thus, in principle, the contribution of the international cen
ters can be expected to decline in time (after an initial stage of acceleration). 

The initial focus by the centers on wide-base technologies was clearly con
sistent with the objective of efficient use of research resources. Mexican 
wheats are now grown over large areas and under diversified geoclimate con
ditions. In following this procedure, the centers opened up technological gaps 
in the countries that were recipients of the new technologies and dramatically 
increased the payoffs to local adaptive research. Such explicit signals are be
ing recognized by public authorities. As the potential gains are recognized, 
the effect is to expand and strengthen research institutions in many develop
ing countries. The more successful the international centers, the more produc-
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tive will local research work be. This will have a significant impact on the 
future role of the international centers. They cannot be expected to remain 
the sole producers of modern technology. Rather, additional emphasis will be 
given to their function as clearing houses for knowledge and genetic material. 
An excellent example is IRRI's recent International Rice Testing Program in 
which "scientists are cooperatively developing a 'critical mass' of genetic 
technology that will feed improved genetic materials and breeding informa
tion to scientists across the rice growing world." The main feature of the pro
gram is that "each nation contribute[s] ... genetic materials, testing results 
and breeding information to help develop the critical mass effect." 11 Such 
developments will reduce the relative contribution of the international cen
ters to global agricultural research. Furthermore, more effective scientific 
communication systems can be expected to reduce the importance of the 
geographic concentration of scientific work in one locality. These effects 
should not be expected to materialize fully in the near future, but the cen
ters should be ready for them, as they should be welcome. The success of the 
international research efforts will induce competition among national systems. 
This result should be welcomed as an indication of the successful contribu
tion of the institutes to global research capacity. 

I have tried to point out clearly and explicitly the simplifying assumptions 
of the model presented in this chapter. I hope that despite its limitations the 
model can serve as a starting point for a theory of research and as a stepping
stone for further analysis. Two reservations are worth mentioning in conclu
s10n. 

In the present formulation, basic scientific knowledge is exogenous to the 
applied research system. Ruttan has pointed out the reverse link whereby ad
vances in technology - in instrumentation, for example - contributed to fur
ther advances in basic science. 12 Changes in factor supplies or in demand may 
also exert an independent impact on the productivity of technological re
search. This observation sheds strong light on the "system" nature of the 
science-technology complex which stretches even further. For example, the 
level and quality of university education is to a large extent a function of the 
quality of the research conducted at the institutes of higher learning. Thus a 
high-quality scientific community breeds the technical personnel that later 
conducts the applied and adaptive research. On the other hand, the demand 
for technical skills, if properly channeled, strengthens institutions of higher 
learning and "pure," basic science. (I am, of course, abstracting from a host 
of complicated and important issues which are outside the scope of our pres
ent discussion.) Against the background of this broad view, ours is a partial 
analysis - one building block of the system. 

There remains one shortcoming in our understanding of the operation of 
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public research systems which I should like to reemphasize here, and this is 
the nature of the connection between the demand, or the payoffs to re
search, on the one hand, and the policy maker and the scientist on the other. 
What is the "market" in which such a system operates? What signals does it 
follow? What "profits," if any, are maximized? Hayami and Ruttan showed 
that research in Japan and the United States reacted efficiently to economic 
incentives. 13 Why did it not react in a similar manner in many other places? 
This gap in our knowledge and understanding is part of a larger gap: the lack 
of an economic theory of bureaucracy and our meager understanding of the 
process of economic development. 
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The economics of
agricultural research

Some recent developments

Yoav Kislev

Agricultural research is an economic activity utilising scarce
economic resources - skilled workers, capital and other factors - and
producing new knowledge which, in turn, affects farm productivity
and increases lood supply. Technological and productivity changes in
agriculture were essential to the development of modern civilisation
with large manufacturing and service sectors. Not all these changes
originated in agricultural research - a long array of innovations, in
transportation, energy utilisation, structures and chemistry originated
in other sectors of the economy but without the deeper
understanding of the biological foundations of farming, without the
development of the new varieties and methods of cultivation, the
modern revolution in agricultural practices and rural life could not
have occurred.

Being an economic activity, research can be subjected to economic
analysis in an effort to understand the factors that affect its success or
failure, to estimate the contribution of investment in research to
productivity and to analyse the consequences of the process of
technological change research entails. Though, as a scientific activity,
the economics of research is of a recent origin, many studies have
already accumulated in this field. However, the scope of this non-
technical review does not permit coverage of all available
contributions. Instead, I shall concentrate on a few selected topics
revealing, undoubtedly, my own personal biases and ignorance.

Background and date

A recent compilation of data on agricultural research is provided by
Boyce and Evensonl. Table I shows some of their findings. Since data
on agricultural research are not publishe<l regularly by government
agencies, the figures in Table I are probably less accurate even than
the usual international statistics. However, they do reflect the main
features of the agricultural research industry. World-wide
expenditures on agricultural research are today around $4000M -
five times more than in the early 1950s. Three quarters of this activity
takes place in Europe and North America, ie, in the temperate climate
zones of the world. Since agricultural research is, at least partly, geo-

climate specific, the potential contribution of the knowledge created in
the developed countries to the developing world, where the majority
of the needy population resides, is limited and the current geographic
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Table 1. Summary of international data on agricultural research

Annual expenditures
(million 1971 US $)

Ratio of
expenditures on

research to
agri cu ltural

product (%)

Source: James K. Boyce and Robert E.

Evenson, Agricultura Research and
Extension Systems, Agricultural
Development Council, New York, 1975,
Tables11and1.5.
Note: Dala are for public and private sector
research. the latter is estimated to range
from 259a in the USA, b zYo in Asia, of
total'esearch expenditures.

Western Europe
Eastern Europe and

USSR
North America and

Oceania
Latin America
Af rica
Asia (excluding

mainland China)

World

1951 19s9

130 172

132 365

70 131

769 1305

366
30
41

540
20

58

1974

733

861

1289
170
141

646

3840

1951

0'6s

0.63

1.23
0.3 7
0.61

0.3 7

1974

2.19

1.83

2.70
1.21
1.40

1.85

distribution of research efforts as revealed in Table I is unbalanced.
The proportion of agricultural research to the value of farm

product, a measure of the intensity of research, is 2.7o/o in North
America and about half this ratio in Latin America and Africa. The
poor countries of the world invest proportionally less than the rich in
research. Two effects operate here:

O To a certain extent, research, particularly public, is viewed by
politicians and administrators as a luxury good, part of the
educational-cultural complex, and the rich countries can afford to
have higher research budgets;

O The supply of high quality research personnel is limited in rnost
poor countries and they simply cannot develop large experiment
stations, even if they recognised fully the importance of domestic
research to their agriculture.

The International Agricultural Research Centres are an
institutional innovation attempting to overcome the shortcomings of
manpower and faailities in the developing world. The pioneer was the
Rockefelier Project in Mexico where Norman Borlaug developed the
first high-yielding wheat varieties. The Project involved international
cooperation in an effort to increase farm productivity through a
comprehensive approach. The new dwarf wheat varieties, released by
the Mexican Centre and spread to many other countries, are
particularly responsive to fertilisers, while traditional farm varieties
suffer from lodging and loss of yield under heavy fertiliser application.
A similar approach, institutionally and scientiflcally, was later
adopted by the International Rice Research Institute (IRRI), the
birth-place of the 'miracle-rice' varieties. Following in their steps, 10
regional institutes are today in operation or in advanced planning
stages. Their rvork is coordinated through the Consultative Group on
International Agricultural Research, a consortium of the World Bank,
l8 donor countries, four foundations and three international agencies,
who together pledged a contribution of S64M for fiscal year,l976.2

The major contribution of the International Centres should come
through their coordinated effort to create widely-based technology

2 BF ,tustrated, The Rockefe,er adaptable to the economic structures and climatic requirements of a
Foundation, Vot 2 No 4, March 1 976. large number of developing countries. The achievements of the work
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Nations, Economic Research Service,
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Washington DC, 1976.

150

done in Mexico on wheat and in the Philippines on rice are
impressive. High yielding wheat and rice varieties have been planted
in 19 and 22Mha respectively in 1.9741753 and a conservative estimate
of the value of the additional output in Asia alone is above $1000M.
The other International Centres of more recent origin have not had a
significant effect on agricultural production to date.

The established Centres have recently been shifting part of the
development and selection work to national research systems and a
pattern of cooperation emerges where the International Centres
introduce the major innovations and improvements and the national
systems test them and adapt the new varieties and technologies to
their specific conditions. IRRI has even ceased to name new varieties
and turned over this right to the national systems. This international
division of labour resembles in character the mode of the inter-
regional work of the Japanese Assigned Experiment System,
established in the 1920s, in which the Ministry of Agriculture and
Forestry assigned experiments to regional stations. The Norin 10
wheat variety released by this system formed the genetic basis for the
Mexican dwarf varieties which heralded the green revolution. In the
USA, to give a different example, agricultural research has been
based chiefly on the state experiment system with little central
coordination. The question of the optimal institutional structure of a
research system is of crucial importance but has hitherto not received
enough attention in economics.

Economic analysis

Research creates knowledge which enters the production process.
Viewed as a factor of production, knowledge has very peculiar
attributes - it is difficult to produce but often, particularly in
agriculture, comparatively easily reproduced. Moreover, unlike other
productive assets, knowledge is not subject to wear and tear (though
it may become obsolete), and its use by one farmer does not preclude
another farmer from using the same piece of information. As a result
of these attributes knowledge is of limited appropriability - the
producer of knowledge is seldom the sole beneficiary of the product.
Technologies that can be copied or seeds that can be easily
propagated will not fetch on the market a price that will cover the cost
of research and development necessary to generate new technologies
or to breed improved varieties.

Private firms restrict their research efforts to areas in which new
knowledge is embodied in products whose price can be set to cover
the development cost. Such products are, for example, hybrid seeds

which have to be procured from the developer, patented mechanical
equipment and chemicals, eg fertilisers, herbicides and pesticides. A
private firm cannot be expected to invest in an intensive wheat
improvement programme as wheat is self-pollinating and the new
seeds can be produced on the farm and distributed among the
producers by any grower without loss in yield potential.

Thus the market mechanism cannot be expected to induce optimal
levels of investment in agricultural research. This is the economic
rationale for the concentration of this activity in the public domain.
The fact that agricultural research is mainly publicly financed, adds to
the dimensions of the economic issues involved.

The pioneering study in the economics of agricultural research has
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been the, by now classic, work of Griliches on hybrid corn in the USA.a
This is a case of complementary public and private research efforts.
The public sector studied the biology, developed the hybridisation
techniques and supplied parental material to seed companies which
propogated and distributed competitively seeds of hybrids tailored to
local conditions. Griliches studied the diffusion of the new technique
throughout the maize growing area. He explained the earlier
availability and the faster rates of adoption by farmers in the corn-belt
states by recognition of the experiment stations and seed companies of
higher economic payoffs in these intensive maize growing areas and by
postulating that larmers react to absolute advantages in considering the
adoption of new techniques. As hybrids increased yields proportionally
in all fields, their absolute contribution was higher in the high yielding
corn-belt than in the peripheral and southern regions.

Griliches also developed a framework for the cost-benefit analysis
of publicly financed agricultural research in which past outlays are
viewed as stages in a long-term investment programme and compared
to present and future benefits (from higher production) ofthe research
project. By his estimates, the development of hybrid corn was an
extremely profitable investment to society with the benefits to
producers and consumers of corn exceeding by far the accumulated
cost of research. High rates of return to research have since been
reported for many crops and in many countries.s

A major contribution has been that of Hayami and Ruttan6 who
attempted to outline an economic theory of agricultural research. By
their postulates a research system faces a spectrum of potential
technoiogies; the choice ofthe appropriate technology to develop and
the direction research takes is affected by cost and returns
considerations. Thus, in the land-scarce Japanese agriculture
technical change was 'land augmenting' - the innovations were
mainly biological, the new varieties created were suitable for intensive
cultivation and for comparatively heavy application of fertilisers. In
the USA, on the other hand, the scarce factor was labour, innovations
were mechanical, resulting in an increased output-to-labour ratio,
yields per hectare were stagnant until the Second World War, while
the mechanical innovations facilitated outmigration from agriculture
in response to rising urban wages and income opportunities.

This theory of the economically induced direction of agricultural
research raises an important institutional issue, namely, what is the
mechanism which transmits to the non-profit, bureaucratically
structured, research systems the relevant economic signals? Hayami
and Ruttan concentrated on the demonstration of the existence of
institutional economic response. Further work on the theory of
induced institutional change is now in progress.?

Transfer of technology

The comparative analysis of international data brings up the problem
of the transfer of knowledge and technologies. Such transfer may be
restricted by the climatic and economic applicability of research
findings in one country to the circumstances of the other. To study
these issues, Evenson and KislevE developed a system of geo-climate
classifications and showed, for wheat and maize, that the transfer of
knowledge across international boundaries has been regional-specific,
and estimated that more than two-thirds of the economic contribution
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ol research in these crops in a country come through its augmentation
ol knowledge transferred from other countries in similar geo-climatic
conditions. Furthermore, domestic research is a necessary condition
for the transfer of knowledge as no transfer takes place in its absence.
The emphasis in the International Centres on'outreach'programmes
in cooperation with national research systems indicates the
recognition by these institutions of the natural barriers to direct
transplantation of technologies.

Of course, natural differences are not the only obstacles to the
adoption of modern, scientifically developed, technologies. The
human factor plays a crucial role. This point is stressed by
sociologists who hotly debated Griliches' emphasis on the economic
factors in the development and adoption of hybrid corn.e It is
probably true, as Schultz has often stressed, that many modern
western technologies failed in low income countries because of
economic or climatic incompatitability and that even poor farmers
recognise a good opportunity when presented with one. Still, even
clearly superior technologies are not adopted by all farmers
'simultaneously and the better producers often benefit more from the
findings of research. Welchl0 contributed to these issues an analysis of
the interaction of schooling and technical change. He views the
impact of new knowledge as throwing operators out of balance. In a
traditional society of stagnant technology farmers converge, through
experience and generations of learning by doing, to the optimal
allocation of resources, ie optimal given their natural and economic
environment. As new knowledge appears, farmers are no longer in
optimai positions - they have to readjust their operations to the new
opportunities. Here the role of schooling is crucial; the educated
farmer can decode the information flowing from the research system,
he can assess its value and make the needed modifications faster and
better than his unschooled neighbour. The educated farmer will,
therefore, benefit earlier and more from the new technologies. This
explains both why research is more successful where levels of
schooling are higher and why the returns to schooling are high in a
technologically dynamic environment while schooling is of little
importance in a stagnant environment.

Extension via the agricultural advisory service complements the
role of schooling. The extension agent translates the new information
to simple technical instructions and distributes the experience gained
by the first adopters. If this view is correct, and Welch's and following
studies supported it with statistical evidence, the contribution of
extension also vanishes in a traditional setting. A test of this
hypothesis in a developing country was conducted by Evensonll who
analysed productivity growth in the states of India. His conclusion was
that whatever little research took place was highly effective. The major
experimental extension effort executed by the Indian government in
collaboration with the Ford Foundation 'had a payoff of
approximately the same order of magnitude as other development
efforts, with the glaring exception of investment in research', which had
a much higher payoff.

Adjustment problems

Agricultural research and the technical change it stimulates create
adjustment problems which can sometimes be quite severe,
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particularly if the impact of technical change is as sudden and big as

in the early stages of the green reiolution. I shall not discuss in this
review the enlarged marketing, transportation and institutional credit
facilities - preconditions for expanded productionl2 - but focus
mainly on the distributional problems: the distribution of the beneflts
(sometimes even losses) between producers and consumers and
between groups of farmers.

In a market economy, which does not trade internationally in food
products, consumers beneflt from technical change by getting larger
quantities at lower prices. Depending on the conditions of demand,
farmers may even lose if the reduction in price more than offsets the
increased production. Since the demand for agricultural products and
particularly for food is inelastic, technological change in agriculture
will reduce farm income unless it is accompanied by outmigration and
increased scale and efficiency for the remaining operators. This is, of
course, the other side of the modernisation and urbanisation coin - at
a higher technological level, a smaller number of farmers feed a larger
urban population.

. The situation is different if food is exported or imported, as then
prices are unaffected by domestic supply changes. Thus Hayami e/
a/r3 estimated that throughout the whole period of the Japanese rice
breeding programme, from 1915 to 1961, producers' benefits would
have been negative, ie their income would have declined, if the
country were self-sufficient in rice. However, since Japan imported
rice under a Government policy designed to stabilise the price of this
major food item to the urban population, the programme did not
affect consumers' welfare, and its benefits were mostly captured by
the producers.

Many writers have pointed out that technological change is not
scale-neutral - it improves the relative position of the large farm
operators and increases rural income inequality. Several factors
operate here. In the short term, the income distribution effect of
technical change may be neutral: a new variety may increase yield
proportionally on fields of all sizes, this will increase income of all
farmers to the same proportional extent, every one will be better-off,
and the degree of equality (or rather inequality) will remain the same
as before the introduction of the new technology. Thus, technical
change may possibly be income-distribution neutral. It is doubtful,
however, whether it is likely to be such. Most modern technologies
require the purchase of non-farm inputs, eg seeds, fertilisers,
implements. The introduction of these is risky, or conceived to be
risky by the traditional farmer. The small operator is often not in a
position to finance the new inputs. Moreover, the larger farmers are
better skilled and educated and, as pointed out earlier, benefit more
from technological change.

With these factors considered, even the short term income-
distribution effect of technical change is unlikely to be neutral.
Dynamics seems to handicap even further the comparative position of
the small operator. With time, the bigger farmer will accumulate more
capital, will be able to acquire machinery, to dig wells, and his income
will rise even faster. The introduction of the new technology may start
him on a new growth path. At the sarne time, if machinery is
spreading, the chances are that the demand for labour will decrease.
The landless day-labourers or the owners of small plots who work
partly for others will see their wages or, in some places, shares in
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1a lnderjit Singh and Richard H. Day, in
'Factor utilization and substitution in
economic development: a green
revolution case study', The Journal of
Development Studies, Vol '1 1, 1975, pp
155-77, analyse the effect of the green
revolution on mechanisation in the
Punjab. Keith Griffin. in The Green
Revolution: An Economic Analysis, UN
Research lnstitute for Social
Development, Geneva, 1972, stresses
the monopoly position, of the larger
farmer as a cause of the unequal
distribution of benefits from technological
change. See also lngrid Palmer, in Ihe
New Rice in The Philipplnes, Studies in
the Green Revolution No 10, UN
Research lnstitute for Social
Development, Geneva, 1975, who
discusses the position of the low-income
farmer in the Philippines.
lsAndrew Schmitz and David Seckler.
'Mechanized agriculture and social
welfare: the case of the tomato
harvester', American Journal of
Agricultural Economics, Vol 52, 1970. pp
569-577.
l6Yujiro Hayami, and Robert W. Herdt,
The impact of technological change in
subsistence agriculture on income
distribution', Mimeo. lnternational Rice
Research lnstitute, Los Banos,
Philippines, 1974.
17 Walter l. Fishel. Resource Allocation in
Agricultural Research, University of
Minnesota Press, Minneapolis, 1 97 1.
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crops, decline while the bigger operators improve their position as
new technologies flow in.

Data availability and methodological difficulties limit the possibility
of getting reliable estimates of the distributional effect of the
introduction of new technologies and improved varieties.
Nevertheless, several writers have attempted to deal with the dynamic
processes accompanying technological changes.ra Two studies of
special analytical interest will be discussed here.

Schmitz and Secklerrs analysed the effect of the introduction of the
tomato harvester on labour displacement in agriculture. Since we
cannot compare the welfare loss of the unemployed labourers to the
gains to consumers and producers of tomatoes, they attempted to
estimate whether labour can be compensated by society so that, as
the economic welfare criterion requires, 'everybody will be better off
after the introduction of the tomato harvester. The crucial issue here
is the operation of the labour market. If the displaced labourers can
easily find alternative employment, compensation will be only a small
part of the benefits of mechanisation; otherwise it may wipe-out these
benefits and mechanisation is socially undesirable.'Using 

Philippines data, Hayami and Herdtl6 show that
technological change in rice production can improve the position of
the small farmer, who consumes most of the rice he produces, relative
to the larger farmer who markets his product at lower price. Also the
relative position of the urban poor, in whose diet rice is the major
component, improves with rising supply. Of course, a precondition
for this distributional effect to occur is that small farmers can readily
adopt the new technology and that markets are allowed to operate
lreely - conditions which do not always prevail.

A major source of inequality, as Evenson has pointed out, is the
unequal geo-climatic distribution of research work. IRRI, for
example, has estimated that the rice varieties developed to date can be
used only by 25o/o of present rice farmers - three out of four rice
farmers in the world cultivate deep-water, high mountains or dry
areas for which no new 'miracle' varieties have yet been bred. It is
questionable whether the research system can contribute much to the
other distributional problems discussed in this section, but the
redressing of the last imbalance is undoubtedly one of its major tasks.

Resource allocation

The discussion of the optimal allocation of the resources in
agricultural research can be focussed around three major issues:

O Institutions - big or small stations, international centres or
national systems, independent scientists or mission-oriented task-
teams, and the role of farmers in directing research.

O Policy - research in socially desired areas or directed to
maximise productivity (if a conflict exists).

O Techniques - planning and administrative methods to affect
efficient resource allocation.

Since some of the institutional and policy issues have already been
discussed, it will be useful to review as an example, one of the
suggested planning techniques, the Minnesota Agricultural Research
Resource Allocation Information Systeml7, which takes explicitly into
account the uncertainties involved in planning research. The system
incorporates a sampling procedure: scientists and knowledgeable
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persons in the industry are asked to estimate the degree of success of
research projects and length of time to application (pure science
projects are compared to applied research). The'sample replies are
processed to form subjective probability distributions of outcomes. At
this stage formal, well-known, decision-theory techniques can be used
to programme an optimal allocation (under speciflc assumptions).
Even if not used as inputs into sophisticated decision calculations, the
probability distributions of the research outcomes are an interesting
information device, augmenting the research administrator's insight,
and capable of improving his decisions. This approach was tried
successfully but is not widely used - bureaucrats, even if scientists,
prefer the freedom and power of discretion of informal processes to
disciplined, demanding and somewhat costly procedures.

Coneluding remarks

The major highlights of the recent developments in the economics of
agricultural research can be viewed as a succession of empirical and
theoretical contributions, each based on the previous stages and, at
the same time, expanding their scope and applicability. Thus Griliches
work in the USA was followed by a group of empirical estimates of
the contribution of research in that country and others. Schultz, ever
strong in his conviction that farmers - even in low-income countries -
are, by necessity, sharp enterprenuers, made the lack of domestic
research and hence of appropriate technologies one of the
cornerstones of his theory of traditional agriculture.ls In his view, the
correction of the research imbalance and the biased price system,
which was tilted in many countries against agriculture, will transform
traditional agriculture into a modern growing sector.

Hayami's work on the Japanese agriculture and on international
productivity differences was followed by the development, by Hayami
and Ruttan, of the theory of induced institutional changes, which was
supported by further empirical work. According to this theory, not
only the direction of agricultural research is affected by economic
signals; changes in economic environment entail modifications in
social and economic institutions that are necessary to realise the
economic potentials of the new environment. Premature institutional
reforms, in land-tenure system, credit or extension, unaccompanied
by technological changes, are doomed to fail. Again, the policy
implication is a stronger reliance on the price system to translate the
economic necessities and potentials to profit signals recognisable by
farmers and administrators.

Hayami and Ruttan have demonstrated beyond reasonable doubt
that research and technological changes follow economic guidelines.
There is, however, a certain degree of inconsistency in their theory
that views institutional development as indigenous to the economic
system and, at the same time, prescribes policy changes from
administrated pricing to free markets. Either the invisible hand can be
relied upon to create optimal institutional constructs or, at least in
certain societies, its efficient operation can legitimately be questioned.
The work now in progress on the subject of induced development will
probably clarify some of the issues involved.

Perhaps the writers that were impressed by the success of
agricultural research neglected the adjustment problems involved.
Falcon's is the most articulate statement of these issues and it has
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been followed by an array of empirical studies, particularly on the
distributional effects of science created technical change. The
evidence accumulating is far from giving unambiguous support to the
claim that the adjustment problems and inequalities created by
research outweigh its benefits. At the same time, as I have tried to
stress in the course of this review, only seldom, if ever, can agriculture
develop in isolation. Successful technical change, and smooth
acceptance of technologies created by the research system with
minimal social cost, can only be achieved in a growing economy. The
difficult question of the optimal rate of growth is outside the scope of
this review.

Viewed from a historical prespective, intensification of agricultural
practices is not a new phenomenon. What is new is the recent pace of
productivity changes that can be achieved only by a science-based
agriculture. This pace is necessary to avoid malnutrition and
starvation of the world's growing population. However, as Norman
Borlaug has already stressed, even with the best achievements of
science and the farming community, it will simply be impossible to
feed the future world population if it continues for long at the present
growth rates. This rate must simply be curtailed.
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Research and Productivity in Wheat in Israel

by Yoav Kislev and Michael Hoffmanx

The introduction of the new Green Revolution w'heat varieties to
Israel is reviewed and analysed. It v'as found that the .first stage

varieties (devetoped from local Merican wheats) did not have a
significant impact on yields in Israel. Dwarf varieties and new

crosses bred in Israel from Mexican genetic materiql contributed
significantly to yietd increases. Returns to local research are

estimated. Conclusions about the role of the International Research

S1;stem are drawn.

Wheat is, in Israel, a dry-farming crop, grown in the rainy winter. Auxiliary
irrigation of 150-200 mm1 is applied to some of the fields, particularly in
the drier South and in drought years. The crop is grown on ihrge-scale

mechanised farms-on intensive garden lands and family farms its area is

limited to the minimum requirements of crop rotation (a 'soil drier')'
Wheat occupied, in early 1950s, less than twenty per cent of the dry

farming area in Israel. Today, it is the most important single crop planted
on more than 55 per cent of the dry farming area. The expansion of wheat
production is the outcome of substantial technical improvements: despite
the area expansion-possibly on to comparatively inferior soils-average
yield in the country grew by 70 kg per hectare annually (Figure l).

Two interacting sources contributed to these increases in wheat yields:

agrotechnical improvements and variety replacement. The most prominent
oi the agrotechnical improvements is the increased application of
fertilisers-nitrogen input rose flve folds in the last twenty years.2 The
introduction of new varieties enhanced the economic contribution of
fertilisers and therefore their application: it also made auxiliary irrigation
and disease control more profitable and expanded their usage. These

expansion and intensification processes augmented further the contri-
bution of research and extension activities in wheat.

Wheat research was condugted in Israel for many years. varieties were

selected and improved and yields raised. However. the greatest boost to
productivity followed the introduction of the Mexican, Green Revolution,
varieties. This study is an attempt to analyse the process of the Green
Revolution in Israel and to estimate the contribution of locai research to
this process.

*Hebrew University, Rehovot. Israe[.
This research was supported in part by a grant lrom the United States-Israel Binational

Science Foundation (BSF), Jerusalem. Israel. The study was also supported by the

Agricultural Research Administration.
We acknowledge the important comments made by the Journal referee; the remaining

errors and shortcomings are ours.



RESEARCH AND PRODUCTIVITY IN WHEAT IN ISRAEL

WHEAT VARIETY IMPROVEMENT
Several stages cdn be distinguished in the development of wheat varieties in
lsraellEphrat, 1968l.In the first stage, before the Second World War,
superior strains were selected from locai varieties, and tests of imported
varieties were conducted. Strains selected had completely replaced, at least
in the modern farming sector, the local varieties. Most successful of the
imported varieties was Florence Aurore 8193 (imported in 1944).It had a
high yield potential, strong straw, and was resistant to rust diseases. The
Florence was the dominating variety in Israel lrom the mid 1950s to the end
of the 1960s (see Figure 2, where varieties grown before the Florence are
marked'old').

A new stage in the development of wheat varieties began when the first
results of the work of the Rockefeller Foundation in Mexico reached Israel.
At {irst, the Rockefeller group concentrated on the selection and breeding
of varieties from iocal (Mexican) genetic material. Particular attention was
given to disease resistance. The f,rst varieties of this stage in Mexico were
imported in 1954 and grown commercially in the early 1960s ('Mexicans'in
Figure 2). Their main advantage over the Florence was in rust resistance,
and that the seeds did not fall out. Some of these varieties lost their
resistance after two years in commercial fields.

The second stage of wheat breeding in Mexico was the development of
high fertiliser responsive varieties. This is a case of induced innovatibn'
fHoyami and Ruttan, 197 11. The traditional wheat varieties grown
throughout the world were suitable for extensive cultivation practices
lAtn'al, 1971l.The rise in the demand for food and the reduction in the real
cost of fertilisers fSahota, 1968] created the need for high-yielding,
fertiliser-responsive varieties. Such wheat varieties were developed in
Japan already at the end of the nineteenth century and incorporated into
the Mexican programme in its second stage.

The first dwarf varieties were imported from Mexico to Israel in 1960 and
some of them were grown commercially, after a short propagation period,
in 1962 ('Dwarf in Figure 2).

Two additional stages in the development of wheat in Israel were the
intensive selection of dwarf varieties specially suitable for local conditions,
and the breeding of new varieties from local and imported dwarf genetic
materials. The outcome of these stages-the 'new' varieties in Figure 2-
today occupy more than 90 per cent of the wheat area in the country.

PRODUCTIVITY ESTIMATES

In this section we report the estimates of the contribution of several factors
to productivity in wheat. The framework of the analysis was a multiple-
regression equation with yield-per-hectare the dependent variable (Table
I ). The emphasis was on the net variety effect allowing for the contribution
of the other factors. The major modifications in agrotechnical practices
during the sample period were variety turnover and increased utilisation of
fertilisers and auxiliary irrigation. Other technical changes were
comparatively minor and could not be identified in the study. However,
often the better farmers or the better regions adopt the newly introduced
varieties faster; also, promising varieties may be allotted the more fertile
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plots on the farm. To prevent over-estimation of the variety effect, these
last factors were also incorporated in the regressions.

The data came from a sample of dry farming enterprises in kibbutzim
(collective villages). The sample covered eleven kibbutzim for the period of
1951 73; most data were, however, for the second half of the period. The
kibbutzim included were those that kept records and were willing to co-
operate. The typical observation was a wheat plot in a kibbutz in a certain
year. The data collected included: variety, yield, fertilisers input, auxiliary
irrigation, disease control, previous crops, and the management's estimate
of the natural fertility of the plot. The total number of observations was
988, but not all were complete; 405 observations were from enterprises
where data on auxiliary irrigation were recorded regularly, and 481
observations included information on fertiliser.

The varieties were classifled into five groups (Figure 2): old. Florence.
Mexican, dwarf, new (Mexican-Israeli crosses). The Florence served as the
reference group, and the contributions of the other varieties were estimated
relatively to this standard variety.3

The major flndings are presented in Table 1. Estimates were carried out
at the sample level and for each kibbutz separately. Estimates for a kibbutz
in the northern part of the country and for a kibbutz in the south are
presented in Table 1, as well as estimates carried out for the whoie sample
('country sample' in the table). The regressions in the table are doubie-log,
weighted by plot area.a The data are for the sub-sample with complete
coverage of fertiliser application. The variables time. rain5 and nitrogen
application entered the regressions as quantitative (continuous) variables;
others as qualitative (dummy) variables. Auxiliary irrigation rl'as also
represented by a qualitative variable (which was assigned the value one lor
an observation with auxiliary irrigation. and the value zero for an
unirrigated plot) despite the tact that data on the quantity of irrigation
water were available. The reason for this procedure was that the amount of
auxiliary irrigation is negatively correlated with natural soil moisture. and
that the major effect of the auxiliary irrigation (which is often given in
standard amounts) is the mere fact of its application and at the right trme.

Regression I in Table 1 is an estimate of yield increases with time. Yield,
in the sample as a whole. increased at the rate of five per cent per annum; the
rate was six per cent for the northern kibbutz and three per cent for the
southern. These rates are estimates of the 'gross time effect'-including the
effects of variety replacements and other technological improvements. The
other estimates in Table I can be viewed as an attempt to separate the gross
time effect into the contributing components.

Precipitations and auxiliary irrigation were added in Regression Group 2
and in Table 1. Precipitations do not contribute significantly to yields in the
rainy North, where auxiliary irrigation is also only rarely practiced. In the
drier South, however, the effects of rain and irrigation were signiflcant, and
with these two variables in the regressions, the net effect of the time variable
becomes insignificant.

The complete model is estimated in Regression 3. The regression
includes, for the northern farm, the complete set of qualitative variabies
(see notes to Table 1). The 'farm effect' (which stands for regional
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TABLE I

REGRESSION ESIIMATES OF PRODUCTIVITY FACTORS IN WHEAT

Regression

Santple

AA
kibbutz kibbut:
in the in the Countrt:
North South Santple

A
Itibbutz
in the Cowttrl
SrLuth Santple

AA
kibbutz kibbutz
in the in the CountrJ
North South Sample

A
kibhut:
in the
Nnrth

R2
Intercept

Time

Rain

Auxiliary
irrigation

Nitrogen

Varieties:
old

Mexican

Dwarf

New

Minka

Gabo

Number of
Observations

.4t .02 .24

5 14 4.81 5.12
(70.60) (20.61) (84.91)

.06 03 .05

(8 s7) (1.33) (e.6s)

.42 68 .51

3.90 -115 "72

(4.2e\ (l'70) (1 s0).06 -.01 .03

(8.s0) (.e8) (4.4s)
20 1.13 76

(1.37) (7.21) (e.41)
1.1 3 .65

(10.92) i2.91)

6l '78 .55

4.38 -2.11 3.71
(4 68) (2.6,1) (6 64)

.02 -.08 -.02(1-29) (3.67) (1.64)

.10 1.23 .36

(.66) (8.43) (5.0e)
.07 .99 46
(.46) (8.e8) (e.44)
.21 .39 .21

( 1.71) (4.32) (2.70)

- .03 .t4 -.43(.22) (2e) (3.78)
.07 -.04 -'01

( 78) (:24) (.18)
.25 -ll .39

(r.e8) ( 54) (5.67)
-21 .22 .49

(2.0e) (1.77) (7 66)
.17

(.s6)

-.33 .09

(1 86) (.70)

4057t105405711054057t105

,\otes The dependent variable: (log) average yield per plot in Kg per hectare.
A farm ellect was included in the country sample regressions.
Sample period: A kibbutz in the North 1957 73

A kibbutz in the South 196l-73
Country sample 1960-73

In parenthesis-t values.
Regression 3 for the kibbutz in the North included also the lbllowing variables: previous
crop (7 possibilities) and quality of plot (4 levels grouped by the management).

conditions, management, and other specific factors) was included in the
regressions at the sample level. Here. unlike Regression l, the time variable
is insignificant and even negative in the South. A negative time coefficient
can be a reflection of two factors: (a) With time, area expanded and wheat
was planted on inferior soils. To some extent, at least. this factor'was
allowed for by including the plot effect in the regressions. (b) A negative
time coefficient may be due to the loss of disease resistance in wheat
varieties. If varieties were not replaced, and inputs were not augmented
correspondingly, yields would have decreased with time.6
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The contribution of rain and irrigation are large in the South and small in
the North. The'Production Elasticity'of rain in the South is 1.23:i.e., an
increase of 10 per cent in the quantity of rain will increase yields there by
12'3 per cent. while in the North the rainfall coefficient is only 0. 10.

TABLE 2
MARGINAL coNrRrBUrroN * *?Hj;,,"I;1"]iriil;^*, ULATED FRoM nrcnrssrox 3 r^-

tr''ariable

[tnit
( quantilati|e

varicrbles 1

A kibbut:
in the
North

A kibbur:
ih the Countrt
South Sample

Time
Rain
Auxiliary irrigation
Nitrogen
Varieties: Old

N,lexican
Dwarf
New
Minca
Gabo

Average Sample Yield
(geometric)

Year
Mm rain
qualitative
Kg Nitrogen
qualitative

a:

- 130.4 - 50 2
79 24

2705 8 1455.6
95.1 67.0

(21 I 9) -903 6
(-s2) (2s 1)

( - 228.0) l 201 8
326 0 1581 3

(476 9l

-7824 (225 9)

(60 0)
( 60)

(21 0)
840

( - 90.0)
(210 0)
(840 0)
930 0

3000 2510I 630

Nole In parentheses-not significant at the l0 per cent level,

Table 2 calculates the marginal contributions of the factors affecting
productivity. These values are calculated from the regression estimates of
Table 1 (which are elasticities) for the sample geometric averages. For the
kibbutz in the North, where yield increases (after allowance lor variety
effects and other factors) at 2 per cent per annum. this is an increase of 60 kg
per hectare annually. Time effect in the South and for the sample as a whole
is negative. One millimetre of rainfall adds 0.6 kg per hectare in the North,
7'9 in the South and 2'4 kg at the sample level.

Variety contribution is larger for the whole sample than for the
individual kibbutz. By this estimate, yields of 'old' varieties are lower than
that of the Florence by 900 kg per hectare. and the 'Mexicans' are oniy
slightly better than the Florence. Yields of the 'dwarl varieties exceed that
of the Florence by 1.200 kg per hectare. and the'new'varieties by 1.580 kg
per hectare. The contribution of the Minka and Gabo varieties does not
exceed those ofthe dwarftype (these varieties were, however, developed for
specific local conditions).

Some of the differences in the estimates for the North and the South and
the sample as a whole. could be expected, as, for example. the substantial
differences in the marginal productivity of rainfall. lt is also indicated from
the estimates that the marginal contribution of the modern varieties is
higher in the North. in the more fertile regions. But not all differences in the
estimates can be explained at this stage. Some of these dilferences may be
due to random deviations in estimates conducted at the single kibbutz level.
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The sample is not stratified and representive. and it is possible that its
estimates are biased. We shall return to this issue in the next section.

THE CONTRIBUTION OF DOMESTIC RESEARCH

Conceptually. the contribution of research can be estimated from a
hypothetical experiment comparing agricultural production with research
to production in its absence. Practically, such an experiment cannot be
conducted. ln this study, we assign to the research system the contribution
of the new varieties to prodr:ctivity: this contribution being net of the
effects of other factors. This procedure calls for some justification.

Agricultural research was not confined to genetic breeding and selection
of varieties. Research efforts were also devoted to agrotechnical problems,
such as weed control, irrigation practices. and other aspects ofagricultural
production. The effect of these lines of research is reflected in our estimates
in two ways: (a) Partly, this work enabled the successful adoption of the
new varieties, and as such these should be considered as part ofthe breeding
effort, breeding in the broader sense. (,b) Partly, these studies are reflected in
the time coelficient. If not for them. the coefficient would have been lower.

A crucial aspect of agricultural research is yield maintainance. There are
indications that the Florence variety would have been subject to yield
losses-perhaps because ol the spread of new rust strains-if it had not
been replaced. The varietal contributions in Tables I and 2 are calculated
relatively to the Florence. lf indeed the yields of this variety were due to fall,
the contribution of the new varieties is underestimated. lt should have been
calculated as the yield diflerence comparative to the level Florence would
have reached had it not been replaced.

A major input into domestic agricuitural research is imported
knowledge; brought in the form of scientific publications. exchange of
scientists. data and equipment. In wheat, the knowledge is embodied in the
Green Revoiution varieties. An interesting issue is the division of the
contribution oftechnical change to the part contributed by the local system
and the part contributed by knowledge imported from outside. This
question has one answer from the point of view of Israel. and another if
viewed from a wider pcrspective.

From the Israeli point of view, the contribution, all of it. is local because
the knowledge was imported free of charge. From the point of view of the
Israeli decision maker who has to decide on the allocation of funds to
research in the country, free knowledge is part olthe environment in which
the local research system is operating. The cost of producing this
knowledge abroad should not have any eft'ect on his decision.

There is. however, another question which is relevant from the Israeli
research system point of view. This is the question of how much of the
imported knowledge would have been brought in and applied in the field in
the absence of the locai research system, perhaps by the farmers themselves.
Since, in the case of wheat. the new varieties were not merely imported, but
were also subjected to severe selection procedures and later included in
breeding programmes, we have assumed in our calculations that the
contribution of the new varieties can be attributed completely to the
research system. That is. we assume that no improved varieties would have
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been introduced without research. This possibly introduces an element of
overestimation in the contribution of the local research system. There are
countries that adopt high yielding varieties directly from foreign sources
and not through a local research system. However, recent reports indicate
disappointments with these varieties; disappointments due to loss of
resistance to local diseases and inability to maintain the yield level under
varying climatic conditions. A local research system, by breeding, selection
and study of agronomic techniques, opens the way for successful adoption
of imported varieties.

From the Israeli point of view, all the economic gains due to the new
varieties are part of the contribution of the local research system. The
international perspective is quite different. An upper bound to the
contribution of the Rockefeller Programme in Mexico to wheat production
in Israel is the economic gains attributable to the new varieties minus the
cost of local research on selection and adoption of these varieties. In
deciding on the level of its investment in research. an international agency
which views as the benefit of that investment the productivity gains in all
countries, will rightly use the above mentioned upper bound as a measure
of the benefit realised in Israel. The sum total of such benefits in all
countries constitutes the contribution of a research programme whose
findings are subject to international transfer.

In the absence of a market in which the international research system
charges a price for transferred knowledge, there does not exist a unique
division of the contribution of the knowledge between the domestically'
created component and the borrowed and imported knowledge.

The case of the new wheat varieties is a particularly successful case. The
Israeli scientists were fortunate to be able to draw on the success of their
colleagues in Mexico in producing high yielding wheat types adaptable to a

wide range of climatic conditions. In calculating the returns to research. the
contribution of the successful development in wheat has. therefore. to be

compared to the cost of research on a wider range, including less successful
research efforts. Just as the returns to a lottery ticket should be calculated
by comparing the prize to the cost of all tickets, not merely to the cost of the
winning ticket. The returns will, therefore, be calculated beiow at three
levels: to research in wheat, in dry farming. and in field crops.

The introduction of new technologies may sometimes modify
significantly the farming systems, income distribution and resource
allocation. This was not the case with the new wheat varieties. As Israel
imports most of its grain, agriculture faces a completely elastic demand
curve for grains, the economic contribution of the additional output can,
therefore, be simply evaluated at the world price of wheat.T

As mentioned in the previous section, it is reasonable to suspect that our
sample is not representative. This fact has two aspects: (a) Record-keeping
wheat growers are usually better than others, and yields on their farms are
probably higher than on other farms. This bias will be corrected by
comparing sample yields to average yields in the country, and in calculating
the econoiric benefits, allowing for the differences. (b) The distribution of
wheat areas in the sample is not proportional to the distribution in the
country. The share of the South in the sample, for example, is smaller than
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the corresponding share in the country. In an attempt to overcome this
source of bias. the contribution of the new varieties in the country was
calculated as a weighted average of the estimated contribution in the
individual kibbutz. the weights being the share of the region in rvhich the
kibbutz is located in the country's wheat area. Alternatively, the returns to
research were calculated from the country level estimates. 'Ihe diff'erences
between the caiculated contributionS and returns tbr the two levels were
small and insignificant. The results presented will be those based on the
country sample estimates.

The date chosen as the zero point for the calculation of the returns is the
year 1974. The returns were calculated to the wheat breeding'project'. It
was assumed that the project iasted from 1954-the year at which the flrst
Mexican varieties were imported-until 1973. By assumption, the project
was completed in 1973 with the new varieties occupying practically all the
area sown to wheat.

The method used in calculating the returns was the following lGriliche.s,
1958): it was taken that benefits realisation in the project started in 1965
with the introduction of the semi-dwarf varieties to commercial plots. In
this way. the contribution of the first Mexican varieties is neglected since
the estimates of their contribution were insignificant (Table 1). Annual
beneflt was calculated by multiplying the area sown to a variety by the yield
differences between the variety (variety group) and the reference variety
Florence Aurore 8193. Table 3 shows calculated annual benefits.

The sample estimates were corrected on two points:
(a) The rate of yield increases in the sample was 19 per cent higher than
the country's average. The sample estimates of yield increases were.
therefore. reduced by 19 per cent.
(b) Yield level in the sample was 44 per cent higher than the country's
average. The yield of the Florence variety was reduced in the
calculation to that extent (this correction is of minor importance since it
affects only the correction for flour backing quality which is reflected in
variety price differences).

A simple check indicates that the values in Table 3 are reasonable.
Average country yield rose over the period 1963-1973 by 105 kg per
hectare, per annum; applying this rate to the ten-year period and
multiplying by the area sown to wheat in 1973. rve find that the additional
product due to these per-hectare yield increases was 67.481 tons. In
the prices used in our calculations, the value of this addition was
If . 20.784,000, compared to If . 15,164.000 in the table. Thus. by this rough
estimate. variety turnover explains 314 of the difference between the actual
1973 wheat production rn the country and the yield that would have been
harvested on the l9l3 area with 1963 per-hectare yield.

Table 4 calculates the returns to research. Line I in the table is the 1974
value of the economic contribution of Table 3. Capitalisation was carried
out at two rates of discount: 5 and I 0 per cent. Line 2 is the permanent flow
equivalent of the stock value of line 1. At a discount rate of 5 per cent, for
erample, the flow equivalent of If. 50,140 million is lf. 2,510 million
annually.
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1',AB1.E 4

RFTI,RNS T0 RESLAR('H {I MILT-IONS T')

ruia {)l dis(ouill l1')
5 per ('ent l0 per tcnt

The contributron in Drvarf and Neu varieties in the period
1965 73.

The contribution as a permanent flow (2) : r (l)
Predicted luture annual contributron
Annual outlal rn ivheat research (to nraintain present

l,ields).
Annual net contribution (5) : (2) + (3) - (4)

Research outla,vs iti field crops 195+73.
Returns to research in lield crops
internal rate of return (per cent)
benefit-cost ratio
Rcturn. to reseurch in drr lartning
internal rate of return (per cent)
benefit-cost raticr
Returns to wheat research
internal rate of rcturns (per cent) benefit-cost ratio

50 11

2 s1

t7'00

1.00
18.5 I

108.78

16

-1 j:

lti
:l 51

125

31 68

5 7.25
571

17.00

100
21.13

162 41

l3
I -14

91
936

150

12 5

Norr,. Price are deflated bv GNP price inder. 1967-69 : 100.

By assumption. investment in the projects stopped in i973. In 1974 and
on, yield wilt be maintained at the level predicted for 1914. The annual
value of'the contribution of research wili, by assumption, .be constant at
l€. 17 mrllion yearly. This is an underestimate of the contribution of
research. for two reasons: (a) it can reasonably be expected that yields ll'ill
increase with time due to learniltg and shilts to better varieties in the group
of 'new' varieties; (b) yields of the Florence variety would have decreased.

thus increasing the future contribution of the replacing varieties.
It was assumed that to maintain future yields at their 1974 level' research

u'ill be continued at the current level-an outlay of l{. 1 million annually.
In the calculations ofTable 4. net annual future benefits of the research

project is the money value of future yield differenltal plus the flow
equivaient of past benefits (in this way, past returns are transferred to the

future). rriilr.rs cost of maintainance research. Prices are 196l-9 prices, thus
recent inflationary trends and changes iu terms of trade of agriculture are
not reflected in these calculations.

As stated earlier. three alternatives were taken as investment in research:
(a) research in rvheat over the period 195,1-73: (b) dry farming research: and
(c) field crops research. Cost of research was estimated by Ariel Dinar
ue74l.

The returns were calculated in two ways:
(a) As an internal rate of return; this is the discounl rate equalising the

capitalised values of past and luture costs atrd benefits ol the project.
(b) As benefit cost ratio: namel),. as the ratio of the present vaiue of the

benefits (past and present) to the capitalised r,'alue of the cost.
The last three lines olTable 4 show the alternative values of the returns.

The calculated internal rate of return varies tiom l 6 per cent for research in

t77

(1)

(2)
(3)
(4)

(5)
(6)
(7)

(E)

(e)
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the field crops to 125 per cent for research in wheat. The correspondin-u
benefit -cost ratios are 3.22 and 30.

REMARKS ON THE ROLE OF THE INTERNATIONAL RESEARCH CENTRES

We conclude this case study on the transf'er of technology liom an
International Centre to a recipient country with a fer.l, remarks on the
future role of thesc research institutions and the interrelation between
international and domestic research.8

To some extent. research in the International Centres substitutes
domestic. national research. Our study, however, revealed a case olstrong
complementarity. The creation of the new Mexican wheat varieties
revolutionised the lsraeli wheat research and it is doubtful rvhether these
varieties would have been successfully adopted without the local efTort. In
this process CIMMYT (and the Rockeleller Programme belore it)
contributed the major wide-base advancements and the indigenous
research systems selected and adopted the international techniques to local
conditions.

In general. this division of labour between local and international
research, il properly done. will be according to comparative advanta-ses.
The centres wili concentrate on the more generai innovations and domestrc
research on 1ocally-specific. The experience ol the Rockefeller Programme
in Mexico is highly indicative in this respect. The Programme \\.as ver\
suceessful in wheat, while its maize project was. comparativel)'. a failure
exactly because the latter crop is geographically sensitii'e uhile the neri
wheat types are not lMeyren, 19681.

It is useful to view research. particuiarly plant or animal breeding. as a

search within a distribution of potential genetic combinations.e In terms ol
this framework. the major advantage of the International Centres lies in
their size and wide outreach. By concentrating on a single crop (or a small
group ofcrops). and having enough resources'to cover the ivorld'in their
area ofconcentration. the international centres both increase the variance
of the population they search and their potential to affect the outcome of
their search through appropriate choice of parental breeding material
(IRRl-the International Rice Research Institute in the Philippines-
maintains a collection of 15,000 rice varieties to draw upon in search for
desired characteristics).

The first Centres, CYMMIT and IRRI" have been very successful

lDalrymple, 1974] partly because of the gap between agricultural research
in the moderate climate zones and research in the tropics and the sub-
tropics fBot,ce and Etenson, 1975: Table 1.111. To a large extent this was
done by substituting international research for domestic works. Varieties
developed in these Centres were planted throughout the world after a
relatively short test. Our flnding of strong complementarity between the
levels of research suggest that the Centres may pass an interesting life-cycie:
the contribution olinternational research will enhance the productivity ol
domestic research, governments will invest more in manpower and
equipment, this will. in turn, increase the contribution of the International
Centres but, at the same time, it may lower their relative position li.r-ri-i'ls
the indigenous research systems. Even if this scenario materialises the
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Centres will maintain a crucial position as clearing houses for ideas and
genetic material. It will be expensive and unwisc for a single country to try
and maintain variety collections of the size that the international centres
will assemble. However, as sophistication and standardisation of research
system will spread, as telecommunication improves, the importance of the
physical concentration of international research work in one geographic
locality can be e*pected to decline.

The Centres themselves reveal in their policies that they understand these
developments. To augment the impact of their work. they maintain test
plots in many countries and bonduct courses for local specialists. Two
recent developments at IRRI illustrate this trend beautifully.

lt 197 5 IRRI established the International Rice Testing Programme-a
network of co-operating systems in the rice-growing countries in which
varieties are developed and tested simultaneously in several localities with
'IRRI, as a coordinator, multiplies and distributes sets of seeds . . . data
from all locations are sent to IRRI to be compiled, published and
distributed' URRI Reporter, 21751. Scientists in domestic systems can
request information and genetic material through IRRI.

In further recognition of this change of emphasis, IRRI announced a
new policy naming rice varieties. In the words of Dr. Nyle C. Brady, IRRI
Director General:

Since the first variety of the International Rice Research Institute (IRRI), IR8,
was released in 1966, IRRI's policy has been to olficially release and name new
rice varieties. This practice has served a purpose in calling these varieties to the
altention ol scientists and production specialists in rice-growing cbuntries
throughout the worid. However, marked expansion in national rice
improvement programmes and the development of international co-operation
through the recently expanded International Rice Testing Programme appears
to make this practice no longer necessary. Accordingly, IRRI will no longer
olficially release and name rice varieties. It will leave to the national
organizations the responsibility lor such releases.

IRRI will continue to make breeding material available to all nations,
largely through the International Rice Testing Programme. All rice
improvement programmes will be encouraged to utilise IRRI material and to
release IRRI selections as varieties. using names or designations oltheir own
choice. IIRRI Reporter ll76l.

Another aspect of agricultural research should be brought up at this
point. The first success ofthe international centres were concentrated in the
more applied areas. There has simply existed a wide, hitherto untapped
pool of applicable theoretical knowledge. As this pool is exploited, further
advancements will be on the frontiers of knowledge and will require the co-
operation and cross-fertilisation of agricultural research and 'purer'
scientific work as plant physiology, theoretical genetics, biochemistry.r0
Though economies of scale evidently exist in any research work, they are in
pure science of a different nature than in the more applied areas of
agricultural research. This will also increase in the future the relative
importance of national research.

Thus, the more successful the present efforts of the International
Centres, the faster the decline of their relative importance (even as their
absolute contribution to agricultural production may be rising). It should

179
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be emphasised at this point that this conclusion is based in the present study
on the case of Israel, a country with a technologicaliy advanced agriculture
and a strong rese.arch base, but it is also supported by evidence from the
developing areas. It should also be noted that only two of the Centres have
already'matured'-the others are just starting now. It will take many years
and hard work for them to approach the levels of success of CIMMYT and
IRRI. The Iesson for the developing countries still is that the establishment
of the International Centres does not liee them from domestic investment
in agricultural research, it enhances the economic justification of this kind
of investment.

NOTES
l. Averageprecipitationinthervheatgrowingarearangesfrom250to700mmperannum.
2. Fertilisers consumption in the world has increased at a similar ratefEtt'nson and Kisley,

1975: Chapter 21.

3. Two additional varieties, Minka and Gabo (the outcome of early Israeli breeding
etTorts), were included in some of the estimates.

4. Several other specifications were also tried with essentially the same results. The double-
log (Cobb-Douglas) specification which allows for complementarity of factors was preferred
on u priori grounds.

5. Rain distribution is sometimes thought to be more important than its total quantity. but
several attempts to incorporate distributional inlormation in the regressions did not yield
superior results.

6. tr-ote, however, that lor the country-sample-regression the time coefficient was barely
signilicant at the l0 per cent level. Too much weight should therefore not be given to this
explanation in the text.

7. Aswheatyieldsrose,wheatareaexpanded.theareaolbarleyandsorghumdeclined.Our
procedure of calculating the benefits implicitly assumes that the values of production per
hectare ofthese two crops were. at the beginning ofthe period. the same as that ofwheat- This
introduced anelement olover-estimation into our calculations. By our judgment, this element
is insignificant.

8. Eleven International Agricultural Research Centres and related institutions have been
or are about to be established. Their work is co-ordinated through the Consultative Group on
International Agricultural Research headed by the World BankfBot,ce and Evenson, 1975:
534t1.

9. For a formulation and elaboration, see Evenson and Kislev [19261.
10. See in this respect Evenson [1968] and Evenson and Kislev 11975: Chapter 21.
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Induced lnnovations and Farm Mechanization

Yoav Kislev and Willis Peterson

There are two traditional explanations to the revo-

lutionary machinelabor substitution in American

agriculture. One is that technical change in agricul-

tire caused machines to be introduced and labor to

become unwanted. The alternative explanation is

that, from the farm sector point of view, labor's. exit

is primarily a market phenomenon guided by rising

urban opportunities and declining real machinery

costs.
If mechanization and labor exit are due to techni-

cal change in agriculture, then they come mainly

from the public agent of farm technology-the ag-

ricultural research system: the research system

should be held responsible for the social conse-

quences of farm michanization, and it should be

budgeted and directed accordingly' On the other
trani. if mechanization and exit from farming are

caused mostly by external price and wage.ch-anges'

the responsibility of the research system is limited
principally to technology improvement'' In t'his note we discuss the newly emerging tradi-

tion of induced innovation and its relation to the

alternative explanations of machine-labor substitu-

tion in agricuiture. We first clarify the conceptual

basis of the induced innovation hypothesis and the

related innovation possibility function' Second, we

call into question the validity of some of the empiri-

cal applicitions. We argue that an incomplete con-

ceptualization of the induced innovation idea has

led to invalid empirical tests and to inappropriate
implications on the causes of American farm

mechanization.

The Hicksian Framework

It is useful to view the process of price-induced

technical change as if it occurs in two stages' In

figure 1 the initial isoproduct curve,1r, and price

.itio, P,, result in an iquilibrium, cost-minimizing
combinition of capital and labor at point A' As

prices change toP2, the new equilibrium.point along

i.ir B. a..5.ding io the induced innovation hypoth-

esis, this change in relative prices causes an asym-

metric shift in the production function' This is rep-

resented in the diagram by the shift in the isoquant
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from 11 to 1:. Now the equilibrium point is at C for

itre price ritio Pz. The capital-labor ratio is in-

creaied in two stages: from A to B in response to

the price change and from B to C in response to

induced technical change'
Technological change is a function of the avail-

abL stock oi knowledge and the resources devoted

io ."..u..h and development' The concept of the

innovation possibility function (the meta-

pioOu.tion function in the terminology of Hayami

una Xuttunt was introduced to formalize these rela-

tions. Hicks originally assumed innovation pos-

sibilities to be baiically neutral: subsequent litera-

ture relaxed this assumption (Kennedy)' If it is

comparatively easier to develop technolog.y that

will iave relaiively more of a single factor, labor for

"*u*pf", 
or" .ouid say that the innovation possibil-

ilv'i"'".ti"" is biased in a iabor-saving or capital-

using direction.
B[sedness need not be associated with pnce

.nun!.t. In terms of the diagram, if technological

;h;d.. took place and the innovation possibility

functtn is biaied in a labor-saving direction, then

1r could shift to 1z and equilibrium; still with the

price ratio P1 , will move from A to D, increasing the

capital-labor ratio'

Agriculture and Manufacturing

Much of the new technology that has affected pro-

ductivity in agriculture was developed in the man-

ufacturing sector and introduced into the farm sec-

tor, embodied in new or improved inputs-
mechanical and chemical. The aggregate, econ-

omywide framework of the induced innovation hy-

pot'hesis does not account for the intersectoral
iransfer of technology because the whole economy

is taken as one sector. However, when applying the

induced innovation idea to a single sector such as

agriculture, it may be necessary to separate the

sictor where the technology is developed from the

sector where it is used. Otherwise market phenom-

ena reflecting farmers' responses to relative factor
price changes may be mistakenly identified as tech-

nical change internal to agriculture
Commonly, the output of certain manufacturing

industries, such as machinery, commercial fer-

tilizer. and other farm supplies, are counted as in-

puts to the farm sector in productivity studies' A1-

iernatively, however, manufacturing and agricul-

ture could be combined into a single sector' If com-

bined, factors purchased by farmers from the farm

Copyright 1981 Amencan Agricultural Economics Association
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Copiiol

Figure 1. Induced technical change

supply industries will be regarded as intermediate
goods, and the extrasectoral inputs will be such
things as energy, steel, and raw materials, plus total
capital and labor in the combined sector. In fact,
the induced innovation hypothesis for agriculture
originally was formulated (though not estimated) in
the framework of a combined agriculture-
manufacturing sector: at least this is how we read
the theoretical sections of chapters 4 and 5 of
Hayami and Ruttan.

In other cases, particularly if the empirical analy-
sis is limited to agriculture, it is necessary to recog-
nize explicitly that farming and manufacturing are
two separate sectors. The induced innovation hy-
pothesis as applied to agriculture should then be
interpreted as the assertion that relative price
changes induce innovations through two separate
channels-external and internal. Innovations in
manufacturing represent external technical change
to agriculture which may or may not show up in the
conventional estimates as productivity gains in the
latter sector. If the new technology takes the form
of product innovations, and if measures of the new
or improved inputs (machines, let us say) do not
accurately reflect quality changes, there may be a
shift in the estimated agricultural production func-
tion as in figure 1. If it is a process innovation, such
as the ability to produce nitrogen fertilizer at a
lower cost, it may show up as a change in relative
prices represented by a movement along an
isoquant or production function. Better products
often carry higher price tags, but farmers will not
purchase the new or improved inputs unless their
quality-adjusted prices are lower than the old input
prices. Product innovations create, therefore, an
identification problem. If these inputs are not ad-
justed for quality, farmers will be seen as increasing
demand-buying more at higher prices. On the
other hand, if these inputs are adjusted for quality,
farmers will be seen as reacting to shifts in the
supply of machine services-buying more at lower
prices. In the latter case, there will be no measured
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technical change in agriculture;all of it will be seen
to occur in manufacturing.

It is inconsistent to leave new or improved inputs
created by product innovations in manufacturing
unadjusted for quality, calling this technical change
in agriculture, while treating process innovations
which result in lower-priced inputs as a market
phenomenon. As far as agriculture is concerned,
both types of innovations are the same. Both result
in lower effective prices of purchased inputs to
farmers. Purchased inputs should therefore be ad-
justed for quality.l

Technical change also may occur in the agricul-
tural sector, particularly if one defines this sector as
including the research and development arm of
farmers, namely, agricultural experiment stations.
One might refer to the production of new varieties
of crops. improved breeds of livestock, or new
knowledge utilized directly by farmers as internal
technical change, Machine-biased internal technical
change might occur, for example, if new varieties of
crops are adopted which require more mechanical
services to insure proper timing of planting or har-
vest. In this case, farmers actually will increase
their demand for machines and buy more of them
even at higher real prices. Here, as elsewhere, one
would not find productivity growth in agriculture
if agricultural inputs were perfectly adjusted for
quality. However, there would still be an increase
in demand for machinery.

Empirical Application

Hayami and Ruttan did not explicitly separate
internal and external technical change in their ap-
plication of the concept of the induced innovation
to agriculture. They were interested in international
comparisons, particularly in demonstrating how ag-
riculture of the comparatively capital-rich countries
moved in the direction of labor-saving technology
and how other countries, such as Japan, con-
strained by low land-labor ratios, developed and
adopted land-augmenting innovations. For this
analysis, the single-sector framework was a useful
conceptualization and it was not crucial to distin-
guish between innovations in agriculture and inno-
vations created in manufacturing. (Hayami and
Ruttan did, however, discuss at length the mecha-
nism of the transmission of the economic signals
from commercial agriculture to the public agricul-
tural research system.)

A detailed application of the induced innovation
hypothesis to U.S. agriculture has been carried out
by Binswanger for the 191248 period. His ap-
proach involved a two-stage estimation of the

I Quality unadjusted inputs are not only inconsistent in the
analysis of technical change; they are simply memingless. Inputs
always should be measured in standard efficiency units. A simple
addition of different quality tractors, for example, is as meaning-
less as adding apples and oranges.
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biasedness oftechnical change in agriculture. First,
elasticities of substitution in a five-input model of
the farm sector were estimated. The second stage
was an attempt to separate substitution of factors
along isoquants in response to price changes from
substitution due to biased technical change-shifts
of the isoquants.

The real price of machinery in Binswanger's
study is reported in table I (our data are discussed
below). In his multifactor analysis, Binswanger
employed the ratio of the price of machinery to the
aggregate price of all inputs in agriculture. To focus
on the machine-labor relation, we calculated from
his data the implied ratio of machine price to the
wage rate. In general, both ratios exhibit similar
trends. The real machine price was comparatively
high in the decade of the 1930s, mainly because of
the decline in farm wage rates. In both series the
real price of machines was higher after World War
II than in the 1920s. The series differ in one respect:
relative to all inputs, machinery prices are reported
to increase substantially after the wari while rela-
tive to labor, machinery prices are comparatively
stable for this period.

Whether the original five-factor perspective is
adopted or the narrower two-input, labor and ma-
chinery point-of-view is taken, the data presented
in part A of table I indicate that machine-labor
substitution after World War II could not be a mar-
ket phenomenon, i.e., it could not be a process of
substitution in response to relative factor price
changes. Indeed, Binswanger (p.223) reports "that
overall technical change was machinery-using, de-
spite a substantial overall rise in the relative ma-
chinery price." These findings imply that internal
farm sector technical changes which shifted the
demand for machinery were the sole reason for the
vast substitution of machinery for labor after World
War II.

Table 1: Indices of Real Price of Machinery

Ratio to Ratio to

Year All inputs Labor Year All inputs Labor

A. Binswanger
t912 100

Amer. J. Agr. Econ.

Internal technical changes could have occurred
because of learning by doing or the introduction of
new crop varieties and otherinputs. However, from
what we know about U.S. agriculture, it is hard to
believe that farm mechanization after World War II
should all be attributed to new varieties and similar
on-the-farm factors. The development of the
machine-adapted tomato varieties, for example,
began in 1943, when the shortage of labor was
strongly felt (Rasmussen). It is hard to think of
other major clear-cut cases. Some of the new chem-
icals require new machines to apply but at the same
time save on machines by reducing tillage work.

The main empirical difflculty we see with
Binswanger's analysis is his failure to adjust ma-
chinery prices for quality changes. The official U.S.
Department of Agriculture (USDA) machinery
price index, which he used, has been shown to
overstate the increase in machinery prices because
quality changes are not accounted for (Griliches.
Fettig). The USDA series also overlooks the sub-
stantial decrease in the effective cost of mechanical
services caused by the increasing importance of
income taxes, particularly the accelerated deprecia-
tion and investment credit provisions of the tax law.
In an attempt to avoid these misspecifications, we
collected data on custom rates in combine harvest-
ing. These rates reflect the market evaluation of
quality changes and other factors affecting cost of
machines service.

The new custom-rate, wage-rate ratio reported in
table 1 reveals a large decline in the relative cost of
machinery. With these data, the explanation for
farm mechanization becomes straightforward.
Farmers demanded new and larger machines be-
cause the cost of farm labor, both the opportunity
cost of family labor and wage of hired labor, in-
creased relative to the prices ofmachinery services.
Machinery manufacturers responded to this in-
crease in demand by expanding capacity through
investment in both research and development and
plant and equipment. Thus, as we read the evi-
dence, the technical change that encouraged farm
mechanization occurred mostly in the manufactur-
ing sector. Had the induced innovation hypothesis
been more carefully formulated in terms of the in-
terrelation between agriculture and manufacturing, 2

we believe that empirical work would have distin-
guished between internal and external technical
change, in turn leading to careful quality adjustment
of machine price data and in the final analysis would
have produced very different findings and policy
implications.

lReceived October 1980; ret'ision uccepted Marclt
1981 .l

t916
1920
1924
1928
1932
1936
1940

1930
1950
1970

102

84
93
98

141
t62
164

100

56
35

1944
1948
t952
t956
1 960
t964
1968

121
106

131

140
155
160

154

t12
91

lt0
104
109
107

96

100

103

78
83
83

l19
167

161
B. Custom rates

Sources: Binswanger, table 7-l: custom rates, Kislev and Peter-
son, table 3.
Note: Binswanger's data are ratios of machine prices to prices of
"all inputs" or "labor." Custom ratesare ratios of rates in com-
bine harvesting to agricultural wage rates.

'zAlthough Hayami and Ruttan did not distinguish between
internal and exlernal technical change, they did adjust for input
quality change in their attempt to explain changes in factor propor-
tions in the United States and Japan by changes in factor price
ratios (chap. 6).
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 The Cotton Harvester in Retrospect:
 Labor Displacement or Replacement?

 WILLIS PETERSON AND YOAV KISLEV

 The prevailing view of new mechanical technology is that it has, in large part,

 pushed labor out of agriculture. An alternative hypothesis is that labor has been

 pulled out of agriculture by higher wages in nonfarm occupations. The mechanical

 cotton harvester is used to test the two hypotheses. Estimation of a simultaneous-

 equation model of the labor market for cotton pickers reveals 79 percent of the
 reduction in hand picking of cotton was due to increased nonfarm wages-the pull

 effect; the remaining 21 percent is attributed to the decreased cost of machine

 harvesting-the push effect.

 FROM 1930 to 1980 the U.S. farm labor force declined by about two-
 thirds, and the machinery-labor ratio increased nearly tenfold. The

 large-scale substitution of capital for labor in U.S. agriculture is well
 known, but the reasons for this phenomenon are not. In much of the
 recent economics literature the prevailing view appears to be that new

 mechanical technology has displaced or pushed labor out of agriculture.

 As noted by James Holt, "A bedrock proposition of conventional
 agricultural wisdom is that agricultural employment has steadily de-
 clined in the United States. In the 1950s and 1960s this decline was
 especially dramatic due to an explosion of labor-displacing agricultural
 production technologies."1

 Richard Day's 1967 paper can be taken as the most forceful argument
 in support of the hypothesis that mechanization was responsible for

 "labor push" out of agriculture.2 Day studied developments in the
 Mississippi Delta and attributed most of the reduction in the demand for
 labor to the mechanization of cotton harvesting. We reexamine the

 Journal of Economic History, Vol. XLVI, No. 1 (March 1986). ? The Economic History
 Association. All rights observed. ISSN 0022-0507.

 The authors are Professor of Agricultural and Applied Economics at University of Minnesota,

 St. Paul, 55108, and Associate Professor of Agricultural Economics at Hebrew University,

 Rehovot, Israel respectively.

 We are indebted to Claudia Goldin, Alan Olmstead, Vernon Ruttan, John Straus, and an

 anonymous referee for constructive comments on previous drafts of the paper. This research was

 partially supported by the United States-Israel Agricultural Research and Development Fund,

 BARD.

 l James S. Holt, "Labor Market Policies and Institutions in an Industrializing Agriculture"

 American Journal of Agricultural Economics, 64 (Dec. 1982), pp. 999-1006. Quote from p. 999

 (emphasis added).

 2 Richard H. Day, "The Economics of Technological Change and the Demise of the Sharecrop-
 per," American Economic Review, 57 (June 1967), pp. 427-49.

 199
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 mechanization of cotton harvesting in the South, and critically evaluate
 much of the labor-displacement literature.3

 Two other hypotheses have been advanced to explain capital-labor
 substitution. One, due mainly to Hans Binswanger, can be interpreted
 as suggesting that on-the-farm technical change in agriculture is the
 major cause of the mechanization process.4 Elsewhere we have argued
 that Binswanger's explanation is in error; it rests on a misspecification
 of the induced innovation hypothesis in its application to a single sector
 and uses questionable data.5 Our conclusion was that technological
 change, internal to the farm sector, cannot explain the revolutionary
 magnitude of the postwar farm mechanization.

 The third hypothesis is that rising wages in nonfarm occupations have
 drawn labor out of agriculture and new labor-saving technology was
 developed and adopted in reaction to this outmigration to replace the
 people who left farms in search of higher earnings elsewhere. While
 under the two earlier hypotheses labor is viewed as being pushed out of
 agriculture by a reduction in demand for its services, under the third
 labor is pulled out because of a decrease in supply. Our analysis
 estimates the relative contribution of the two factors-new mechanical
 technology that lowered demand for labor, on the one hand, and rising
 urban wages that decreased supply, on the other-to the reduction in
 the farm labor employment in cotton harvesting. We view this as the
 most appropriate test of the labor-push hypothesis, and conclude from
 the empirical evidence that the pull effect is almost four times stronger
 than the push effect.

 The issue addressed is of more than academic interest. If labor has in
 fact been pushed out of agriculture, then the research establishment and
 farm machinery companies share responsibility for the social costs of
 the large-scale migration of farm people. In this case a concern by the
 government over job loss in agriculture would be legitimate. On the
 other hand, if labor has been pulled out by higher earnings in nonfarm
 occupations, research institutions and machinery manufacturers can be
 viewed as responding to market forces. Public action to counteract
 these forces would probably harm society more than it would help by
 reducing growth in real income.

 3 Other studies in which agricultural labor is implicitly or explicitly assumed to be in large part
 displaced by machines include: Paul Barnett, et al. "Labor's Dwindling Harvest," California

 Institute for Rural Studies, University of California, (Davis, 1978); Ray Marshall, Rural Workers in

 Rural Labor Markets, (Salt Lake City, 1974); Harland Padfield and William E. Martin, Farmers,

 Workers and Machines, (Tucson, 1965); Andrew Schmitz and David Seckler, "Mechanized

 Agriculture and Social Welfare: The Case of the Tomato Harvester," American Journal of

 Agricultural Economics, 52 (Nov. 1970), pp. 569-77.

 4 Hans P. Binswanger, "Measured Biases of Technical Change: The United States," in Induced
 Innnovation, Technology, Institutions and Development, Hans P. Binswanger, Vernon W. Ruttan

 et al., eds. (Baltimore, 1978).

 5 Yoav Kislev and Willis Peterson, "Induced Innovations and Farm Mechanization," American
 Journal of Agricultural Economics, 63 (Aug. 1981), pp. 562-65.
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 I

 It will be useful to compare the results of our empirical approach with
 Day's method of analysis which was to "replay the history" of the
 Mississippi Delta. Using a recursive programming model, Day simulat-

 ed the optimal combinations of crops, inputs, and technologies for each
 year successively over the 1940 to 1959 period. Among the constraints

 of the programming model were the available resources. A factor supply
 was regarded as "tight," relative to demand, in years in which its

 constraint was binding; otherwise, a surplus was indicated. In the

 context of the model, labor was in short supply between 1941 and 1949,

 partly due to war shortages. Afterwards employment in the pro-
 grammed economy fell sharply, the corresponding yearly constraints
 were not binding, and the implication was "that such migration as may

 have occurred [out of the region] was induced more by a push than by a
 pull effect."6

 It appears, however, that Day grossly overestimated the contribution
 of the mechanization of cotton harvesting to the reduction in employ-

 ment. According to his model 100 percent of the cotton in the Delta was
 harvested by machine in 1957 (see his fig. 2), while in fact only 17
 percent of the cotton was harvested mechanically in Mississippi during

 that year.7 The 100 percent level was not attained until 1975.

 Technologies, and machine harvesting among them, were introduced
 into Day's model as they became historically available, together with
 the corresponding per-unit cost estimates. Relative cost effectiveness
 determined the rate of diffusion of the capital-intensive technologies
 (subject to some dynamic constraints) and thus determined the reduc-
 tion in labor demand. As we will later point out, it is very difficult to
 estimate actual costs accurately because of depreciation, capital costs,

 performance, repair components, and income-tax considerations. An
 alternative approach is to use market prices for machine services; we
 use custom rates as a measure of these prices.8 Before 1957 custom
 rates for machine picking in Mississippi exceeded piece rates for hand

 picking (as can be seen later in Tables 2 and 3). Given these data, it is
 not surprising that, in fact, only a small proportion of cotton was picked
 by machine in Mississippi prior to 1957. Only after that year did custom
 rates fall below piece rates, with the latter starting to increase slightly.

 Before that time it would have been irrational for farmers to use

 machines extensively to harvest cotton because labor was cheaper.

 Even if Day's model had replayed history accurately, it is important
 to recognize that it does not constitute a valid test of the labor-push-by-

 6 Day, "The Economics of Technological Change . . . ", p. 441.
 7 USDA, Economic Research Service, Statistical Bulletin No. 535, "Statistics on Cotton and

 Related Data, 1920-1973" (Washington, D.C., 1974), p. 218.

 8 Prices paid by farmers to owners of mechanical cotton harvesters for harvesting services.
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 machine hypothesis. Between 1950 and 1957, and coinciding with the

 increased use of synthetic fibers, the real price received by farmers for
 cotton in Mississippi declined by 35 percent while cotton acreage in the
 state decreased by one-third. The decline in cotton acreage, and to some

 extent the replacement of cotton by less labor intensive crops such as
 soybeans, are reflected in Day's results as a decrease in the demand for
 labor. But the resulting surplus of labor should not be attributed entirely
 to the increased use of machines. Unfortunately the emphasis in the

 article on the effects of technological change in agriculture leads at least
 the casual reader to this conclusion. Also, as we point out later, real
 piece rates for hand picking of cotton increased dramatically during
 World War II and were "out of line" with other wages at the end of the
 war. An adjustment in this labor market was to be expected during the
 1950s.

 II

 Hand harvesting of cotton was regarded as one of the more arduous
 tasks in agriculture even when farming was characterized by back-
 breaking work. Efforts to mechanize the task go back to the early

 nineteenth century; the first patent on a mechanical cotton harvester
 was issued in 1850.9 But cotton proved a very difficult crop to harvest
 mechanically. The development of a commercially viable machine to

 harvest cotton took nearly a century.

 During the process of development, six different types of machines
 evolved: pneumatic machines, threshing machines, chemical processes,
 electrical devices, stripping machines, and spindle pickers.'0 The first
 patent on the pneumatic machine was granted in 1859. Machines of this
 type generally consisted of a vacuum tank with attached hoses that a

 crew of operators would apply to the cotton balls, sucking the cotton
 into a tank. Work on this type of machine continued into the 1920s, but
 the machine was finally abandoned after it was determined that an

 experienced person could pick cotton faster by hand than with the
 machine.

 The threshing machine was designed along the lines of its grain
 harvesting counterpart. The entire cotton plant was fed into the machine

 for the purpose of separating the bolls from the rest of the cotton plant.

 9 J. L. Watkins, King Cotton: A Historical and Statistical Review, 1790-1908 (New York, 1908).
 1O For a more detailed description of the early development of the mechanical cotton harvester

 and of the various types of machines see H. P. Smith, et al., The Mechanical Harvesting of Cotton,

 Texas Agricultural Experiment Station Bulletin 452 (College Station, 1932); James H. Street, The

 New Revolution in the Cotton Economy (Chapel Hill, 1957); Gilbert C. Fite, "Recent Progress in

 the Mechanization of Cotton Production in the United States," Agricultural History, 24 (Jan.

 1950), pp. 190-207. The following discussion on the development of the mechanical cotton

 harvester draws heavily on Smith and Street.
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 But unlike grain, where the entire plant matures at one time, cotton was
 not amenable to threshing because the immature bolls had to be fed into
 the machine along with the mature ones. Hence this machine was also

 abandoned.

 The objective in chemical processing was to extract the cotton seed
 with a solvent, and then use the rest of the cotton plant as a fiber source,

 thereby eliminating the need to separate the cotton bolls from the plant.

 Although the process was claimed to be a laboratory success, it
 apparently was not a commercially viable option.

 In 1869 the inventor of an electrical harvester attempted to apply the

 principle of electrical attraction to separate the fiber from the boll.

 However the charge proved too small to detach the cotton. Later
 attempts to combine the pneumatic and electric charge concepts also
 ended in failure.

 Cotton stripping machines, also known as "strippers" or "sledders"
 were probably the simplist and the most successful of the machines

 discussed thus far. First invented in 1871, the early models resembled a
 picket fence pulled down the row of cotton by a team of horses or

 mules. Many farmers built their own strippers. Later models employed
 revolving rolls embedded with teeth to pull the ripe bolls from the plants
 without injuring the plants or the unripened bolls. These more advanced

 strippers have been used extensively in the Texas Panhandle and
 Oklahoma.

 Spindle-type machines remove cotton lint from ripened bolls by
 means of revolving spindles, fingers, or prongs. The first patent on the
 spindle picker was taken out in 1895 by Angus Campbell. Substantial
 improvements over the original spindle machines occurred during the
 next half-century. Probably the most significant breakthrough in post-

 Campbell technology was made by the Rust brothers (John and Mack).
 The first Rust machine, patented in 1928, utilized an endless belt fitted
 with rotating vertical rows of moistened smooth spindles. The belt

 containing the spindles moved backward at about the forward speed of
 the machine so that the spindles came into contact with the cotton bolls

 at a relatively stationary position thereby avoiding injury to the plant
 and immature bolls. The moistening of the spindles was also an
 important feature of the Rust machine, facilitating a more thorough

 harvest by causing the cotton lint to adhere to the spindles.
 In spite of its early successes in field trials, the Rust machine never

 became a commercial success. From the outset the Rust brothers were
 torn between two conflicting outcomes. They wanted to ease the burden

 to farm people of hand harvesting that they had known as boys on the
 family farm in Texas. But they were also concerned that widespread
 adoption of the machines would displace thousands of small farmers and
 farm laborers. To mitigate this phenomena they attempted to perfect a
 smaller horse-drawn machine that would be affordable to small farmers.
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 But this machine was not widely adopted, and the Rust Company went
 out of business in 1942-a victim more of economics than technology.
 As indicated by figures presented in the next section, the mechanical
 cotton harvester did not become competitive cost-wise with hand
 harvesting of cotton in the South until well into the 1950s. Post-World
 War II cotton harvesters manufactured by the major machinery compa-
 nies utilized the early Rust technology. Thus the technology to harvest
 cotton mechanically was already available in the late 1920s.

 III

 The principal prices affecting the cotton-picking labor market and the
 choice of cotton harvest technology are presented in Figure 1. From
 1930 to 1940 real piece rates for hand harvest of cotton increased at
 about the same rate as manufacturing wages, a proxy for off-farm
 employment earnings. Farm wages increased relatively little during this
 period. The onset of World War II precipitated a rapid increase in real
 cotton prices and piece rates which continued until the end of the war.
 Relative to both manufacturing wages and farm wages, the wages paid
 for hand harvest of cotton increased dramatically during World War II.
 The increase reflected the shortage of labor in the cotton fields during
 the war (the South lost 20 percent of its farm labor from 1940 to 1945) as
 well as the attractive prices of cotton. In the post-World War II years
 real piece rates for hand harvesting declined, but the ratios of piece
 rates to manufacturing wages and farm wages in 1964 (the last year
 piece-rate data were collected) were still higher than in 1930.

 In spite of the rapid increase in piece rates during World War II, the
 cost of harvesting cotton by hand remained below the cost of machine
 harvesting, measured by custom rates. " In the 1930s, immediately
 following the introduction of the Rust machines, the cost of hand
 harvesting averaged about 25 percent of the cost of harvesting by
 machine. It is not surprising, therefore, that few machines were sold
 during the period and that the Rust company went out of business. By
 the end of World War II, piece rates approached the cost of machine
 harvesting. No doubt the shortage of labor and the rapid increase in the
 cost of hand harvesting relative to the cost of harvesting by machine
 during the war stimulated further development of machines. However,
 large-scale production of mechanical cotton harvesters could not begin
 until the economy returned to a peacetime basis. Even during the first
 half of the 1950s, the downward adjustment of real piece rates coupled
 with a slight increase in custom rates made widespread use of mechani-
 cal harvesters still unprofitable, except in California and Arizona where
 piece rates had exceeded custom rates in the late 1940s.

 l The use of custom rates as a measure of the cost of machine harvesting is discussed in Section
 IV.
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 FIGURE 1

 REAL WAGES AND PRICES

 Notes: All variables deflated by the CPI, 1957-1959 = 100. See Appendix for description of
 variables and their dimensions.

 As shown in Table 1 the mechanization of the cotton harvest began in
 the late 1940s, spreading from California and Arizona eastward to the
 cotton-growing areas of the South. By 1972 all of the cotton grown in
 the United States was harvested by machine-picked, stripped, or
 scraped. 12

 The substantial differences among states in the percent of cotton
 harvested by machine during the early part of the adoption period can
 be attributed to environmental and economic factors. The extensive,
 level fields of California and Arizona together with relatively high
 yields, dry weather during the harvest season, and a small weed
 problem lowered the cost of machine harvesting and hastened its

 12 According to the published data, the United States achieved a 100 percent mechanical harvest
 before the state of Mississippi. No doubt this is due to rounding. Mississippi was one of the last
 states to be 100 percent mechanized in the harvest of cotton.
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 TABLE 1

 PERCENT OF COTTON HARVESTED MECHANICALLY, 12 MAJOR

 COTTON-PRODUCING STATES

 State 1949 1954 1959 1964 1969

 Alabama * 2 6 55 88

 Arizona 4 44 62 97 100

 Arkansas 1 16 36 75 96

 California 13 62 83 97 100

 Georgia * 3 4 62 90

 Louisiana * 28 50 78 97

 Mississippi 4 11 38 68 94

 Missouri 2 22 47 83 99

 New Mexico 3 10 50 85 98

 North Carolina * 3 5 59 94
 South Carolina 1 4 1 63 91

 Tennessee * 1 8 56 92

 United States 6 22 43 78 96

 * Less than 0.5 percent.

 Source: USDA, Economic Research Service, Statistical Bulletin No. 535, "Statistics on Cotton

 and Related Data, 1920-73" (Washington, D.C., 1974), p. 218.

 adoption in these states (Table 2). '3 Also piece rates for hand picking of
 cotton averaged somewhat more in the West than in the South, further

 contributing to the mechanization in the former states (Table 3). As
 shown by Tables 2 and 3 piece rates for hand picking exceeded custom
 rates for machine harvesting during the entire 1949 to 1964 period in

 California and Arizona. For the second group of states (Arkansas,
 Missouri, New Mexico, and Tennessee) custom rates did not fall below
 piece rates until 1954. For the third group custom rates did not become

 cheaper than piece rates until 1957. The same is true for Louisana.
 Consequently, the pattern of adoption of mechanical harvesting, start-
 ing in the West and moving east and south, is consistent with differences

 in the relative prices of the two modes of harvest.
 The dramatic change from hand to mechanized harvest of cotton

 which swept the Cotton Belt during the 1950s and 1960s may give the
 impression that cotton producers were eager to switch to the new
 technology as fast as it became available, shunning the services of
 family, hired labor, and tenant farmers that for generations had brought
 in the cotton harvest. The scenerio of thousands of farm people being

 forced off the land because of the introduction of new machines is the
 one envisioned by the Rust brothers in the early 1930s, popularized by
 John Steinbeck in Grapes of Wrath, and is a view commonly held today.

 A careful reading of the record suggests, however, that at least in the

 " Moses S. Musoke and Alan L. Olmstead, "The Rise of the Cotton Industry in California: A
 Comparative Perspective," this JOURNAL, 42 (June 1982), pp. 385-412; Frank H. Maier, "An
 Economic Analysis of Adoption of the Mechanical Cotton Picker," (Ph.D. diss., University of
 Chicago, 1969).
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 TABLE 2

 CUSTOM RATES FOR MACHINE HARVESTING OF COTTON,
 TWICE OVER COVERAGE

 (dollars per hundredweight, current year prices)

 Year Far West Mid South Deep South Louisiana

 1949 $2.50 $3.00 $3.80 $3.50
 1950 2.25 3.00 3.75 3.40

 1951 2.50 3.30 4.15 3.80

 1952 2.50 3.30 4.15 3.80

 1953 2.50 3.30 4.15 3.80

 1954 2.00 2.65 3.30 3.00

 1955 2.00 2.65 3.30 3.00

 1956 1.75 2.30 2.90 2.65

 1957 1.50 2.00 2.50 2.30

 1958 1.50 2.00 2.50 2.30

 1959 1.50 2.00 2.50 2.30

 1960 1.50 2.00 2.50 2.30

 1961 1.50 2.00 2.50 2.30

 1962 1.50 2.00 2.50 2.30

 1963 1.50 2.00 2.50 2.30

 1964 1.50 2.00 2.50 2.30

 Notes: Far West is Arizona and California. Mid South is Arkansas, Missouri, New Mexico, and

 Tennessee. Deep South is Alabama, Georgia, Mississippi, North Carolina, and South Carolina.
 Source: See Appendix for construction of data.

 case of cotton harvesting, farmers were not so eager to reduce their
 dependence on labor. As Pederson and Rapier report in 1954:

 There is still considerable hesitancy in the matter of using machines. The mechanical

 picker can operate well only when the ground is dry, when weeds and grass are under

 TABLE 3

 PIECE RATES FOR HAND PICKING OF SEED COTTON, SEASON AVERAGE

 (dollars per hundredweight, current year prices)

 Year Far West Mid South Deep South Louisiana

 1949 $2.93 $2.60 $2.28 $2.50
 1950 3.28 2.76 2.54 2.60

 1951 3.40 2.83 2.93 3.05

 1952 3.48 3.18 3.04 2.95

 1953 3.00 2.85 2.89 2.75

 1954 3.05 2.88 2.64 2.50

 1955 3.20 2.93 2.76 2.65

 1956 3.15 2.80 2.79 2.65

 1957 3.18 2.73 2.66 2.60

 1958 3.25 2.78 2.66 2.50

 1659 3.23 2.96 2.89 2.65
 1960 3.23 2.81 2.86 2.60

 1961 3.25 2.76 2.82 2.60

 1962 3.25 2.85 2.82 2.60

 1963 3.30 2.89 2.83 2.60

 1964 3.35 2.91 2.85 2.50

 Notes: Far West is Arizona and California. Mid South is Arkansas, Missouri, New Mexico, and
 Tennessee. Deep South is Alabama, Georgia, Mississippi, North Carolina, and South Carolina.
 Source: USDA, Economic Research Service, Statistical Bulletin No. 535, "Statistics on Cotton
 and Related Data; 1920-73" (1974) p. 86.
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 control, when cotton is defoliated, and when fields are long and regular enough. The
 planter is torn between conflicting objectives and irreconcilable operating alternatives.
 Time and again planters have remarked, "If the kind of labor we had twenty years ago
 were available today they could keep all their machinery."

 The increasing scarcity of labor in the area has raised the labor cost from a dollar a
 day less than fifteen years ago to four dollars and more. True the latter is an inflated
 dollar compared to the former but the rate of inflation is not 400 percent. Even at this
 higher rate the planter frequently finds himself unable to obtain labor enough to perform
 the essential operations during the peak work period.'4

 During World War II and the years immediately following, one of the
 major problems faced by farmers was the increasing scarcity of labor
 and the large increase in wage rates relative to prewar years. Cotton
 farmers were particularly affected because traditionally cotton had been
 a labor-intensive crop. As an illustration of the concern of farmers with
 obtaining adequate labor at harvest and of their reluctance to use
 machines, it is reported that during the 1950 harvest season in the
 coastal plain of South Carolina between 75 and 100 plantation operators
 purchased new mechanical harvesters at about $8,000 per machine but
 let them stand idle in their sheds while they harvested their cotton using
 hired labor.'5 The plantation operators considered the interest and
 depreciation expense on the machines as an insurance premium against
 not being able to obtain labor. The Korean War had just begun and the
 producers remembered the difficulties of finding labor during World
 War IL. In addition to the higher cost of machines over labor in the
 South during the early 1950s, cotton producers preferred labor over
 machine harvest because the cotton was cleaner and therefore fetched a
 higher price in the market. Also if the producers did not hire labor to
 harvest they were less likely to obtain labor for weeding and thinning
 earlier in the season because their employees would seek jobs that
 allowed them to work more weeks per year.

 IV

 To measure the relative proportions of labor push and labor pull we
 construct and empirically estimate an econometric model of the cotton-
 picking labor market. We define labor push as a decline in the demand
 for labor resulting from a decrease in the price of a substitute machine
 (Figure 2A). Labor pull is defined as a decrease in the supply of labor
 due to higher wages in alternative occupations (Figure 2B).

 We propose the following two-equation model to estimate the relative

 14 Harald A. Pedersen and Arthur F. Rapier, "The Cotton Plantation in Transition," Mississippi
 State College Agricultural Experiment Station Bulletin 508 (Jan. 1954), pp. 3-4.

 15 James H. Street, "The 'Labor Vacuum' and Cotton Mechanization," Journal of Farm
 Economics, 35 (Aug. 1953), pp. 381-97.
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 importance of the push and pull effects on wages and employment in the
 cotton fields.

 Q= a0 + a-IQ- + a1P + a2C + a3PCT+ SD + , Demand (1)

 Q =PO + fIQ_, + PIP + f2M + P3Y + SD + v Supply (2)
 where:

 Q = quantity of labor demanded, or supplied, for hand picking of
 cotton

 Q_, = Q lagged one year
 P = piece rate for hand picking of cotton
 C = custom rate for machine picking of cotton

 PCT = price of cotton

 M = hourly wage rate for production workers in manufacturing
 Y = yield of cotton

 SD = state dummies and their coefficients
 A detailed description of the variables and data sources is presented

 in the Appendix. A few explanatory comments are offered here.
 Variables Q and P are taken as endogenous; the others are considered
 exogenous. Data on quantity of labor employed in hand picking of
 cotton do not exist. Consequently, we used the quantity of cotton
 harvested by hand as a proxy for the quantity of labor. All monetary
 variables are deflated by the Consumer Price Index (1957 to 1959 = 100)
 and the equations are estimated in double-log form.

 The demand for labor is hypothesized to be determined by the cost of
 labor, the cost of machines, and the price of cotton. The cost of labor is
 measured as piece rates for hand picking of cotton. The cost of

 machines is more difficult to measure. A commonly-used technique for
 measuring machine costs is to synthetically construct such figures.
 However, machine costs estimated this way are heavily influenced by
 the underlying assumptions regarding the length and pattern of depreci-
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 ation, number of days utilized each year, capacity of the machines, and
 repair costs. A more subtle problem arises because of quality improve-
 ments affecting machine characteristics such as capacity, durability,

 and operator comfort. Because higher-quality machines are more pro-
 ductive, but generally carry higher price tags, the real cost of providing
 a machine service can decrease even if the machine's inflation corrected
 price is increasing over time. Another problem, more specific to the
 mechanical cotton harvester, is that the cost of harvesting varies across

 areas having different field conditions, even though the purchase price
 of the machine may be relatively uniform among states. Smaller fields,
 lower yields, more rainy days during harvest, and a greater weed

 problem in the South than in the West increased the per hundredweight
 cost of harvest in the South compared with the West. In addition, the
 special features of the income-tax code including investment credit and
 accelerated depreciation lowered the after-tax cost of the machine but
 are difficult to estimate from synthetic data. Finally, reductions in
 harvest costs due to new varieties and to better defoliants which
 facilitated machine harvest are not easily accounted for in constructing
 machine-cost data.

 Because of the above difficulties we utilized the average annual
 custom rate paid for machine harvesting of cotton in each state as our
 measure of machine cost. These are market-determined figures which
 reflect cost differences among states and over time stemming from

 differences in machine quality, environmental conditions, the income-
 tax law, and cotton yields. The main difficulty with using custom rates is
 the data problem. There is no comprehensive series of custom rates by

 states, over time. However, some data from various state sources do
 exist.

 For the 1949 to 1964 period the most complete data were obtained
 from Arizona. A few rates for several other states were obtained from

 various sources (see Appendix), and the series was completed by

 assuming a fixed relationship to Arizona rates over time. When state
 figures were not available, we assumed them to be equal to other states
 with similar yields and growing conditions as shown in Table 2. Because
 there was no established market for machine harvesting of cotton prior
 to the late 1940s, we must ask, what custom rates for mechanical cotton
 picking would have been had there been a market for this service. One
 way to estimate these rates would be to simply extrapolate the 1949
 custom rates back to 1930 by multiplying these figures by the USDA
 index of prices paid by farmers for machinery, 1949 = 1.00. However,
 as we argued earlier in the paper, the increase in the official USDA
 prices-paid index for farm machinery likely overstates the true, quality
 adjusted prices for machinery services because of quality improvements
 in the machines. Custom rates should be a more accurate measure of the
 prices of these services.
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 Information is available on custom rates for combine harvesting of
 wheat for the late 1920s and early 1950s.16 In nominal terms these
 figures increased much less than the official USDA machinery prices-
 paid index between 1930 and 1949. In real terms custom rates for
 combine harvesting of wheat declined over this period whereas the real
 USDA price index for machines increased. The difference between the
 two measures is likely to be due to quality improvements in machines. It
 is not unreasonable to assume that quality improvements in grain
 combines were not significantly different from quality improvements in
 cotton harvesters. Both machines evolved from pull-type implements in
 the late 1920s to self-propelled units in the early 1950s. Also improve-
 ments in mechanical technology affecting gears, bearings, chains, and
 hydraulics were applicable to both machines. Because the grain com-
 bine utilized the threshing technology of the earlier stationary threshing
 machine, improvements during the 1930 to 1949 period in the mechani-
 cal cotton harvester were probably somewhat greater than those of the
 grain combine. Use of custom rates for combine harvesting of wheat,
 rather than the official USDA machinery price index, should provide a
 more accurate estimate of the true value of cotton harvesting rates.
 However, because the information on wheat harvesting costs is also
 incomplete, we utilized the two series in combination in the following
 way. For 1930 we assumed that the ratio of 1949 to 1930 custom rates
 were the same for cotton as for wheat. For the intervening years custom
 rates in cotton were assumed to change proportionally to the change in
 the USDA machine-price index.

 On the supply side of the cotton-picking labor market, the explana-
 tory variables are piece rates, alternative off-farm earnings opportuni-
 ties, and cotton yields. National average wages in manufacturing are
 used as the measure of off-farm wages. Granted, not all field hands who
 left agriculture found jobs in manufacturing, but in a reasonably well-
 functioning labor market manufacturing wages should be closely corre-
 lated with wages in other unskilled and semiskilled occupations over
 time. Because the price of labor is quoted on a per-unit of cotton rather
 than per-unit of time basis, cotton yields are included in the labor-
 supply equation to take account of any change in labor supply which
 might occur when yields change. For example, higher yields should
 allow cotton pickers to increase their daily earnings given the piece rate
 and should therefore bring forth a greater supply of labor than when
 yields are lower.

 The data set is a pooled time-series and cross-section for 12 of the
 major cotton-producing states encompassing the 1930 to 1964 period

 16 L. A. Reynoldson, et al., "The Combined Harvest-Thresher in the Great Plains," USDA
 Technical Bulletin No. 70 (Feb. 1928), p. 35; H. J. Friesen, et al., " 1952-53 Custom Rates for Farm
 Operations in Central Kansas," Kansas Agricultural Economic Report No. 59 (1953), p. 14.
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 (420 observations).17 The observations begin in 1930 because the post-
 World War II machines utilized the basic spindle technology developed
 by the Rust brothers in the late 1920s. Working models of these

 machines existed in the early 1930s. 8 Also the International Harvester
 Company continued to develop and produce working models of spindle-
 type harvesters throughout the 1920s, 1930s, and 1940s, but relatively

 few were sold.19 The observations end in 1964, the last year data on
 piece rates for hand picking were collected; 75 percent of the cotton for
 these 12 states was harvested mechanically (picked, stripped, or
 scraped) in 1964.

 The demand and supply equations were estimated simultaneously
 using two-stage least squares, corrected for serial correlation using the

 Cochrane-Orcutt iterative technique in conjunction with the Fair proce-
 dure for reducing the bias due to the inclusion of a lagged endogenous
 variable.20 The model is one of partial equilibrium focusing on the price
 and quantity of labor for hand picking of cotton. In principle, the cost of
 harvesting cotton will affect the supply of the product, which in turn will

 affect the price and quantity of cotton produced. However during the
 period under consideration the effects on the price of cotton due to
 changes in harvest technology are likely to have been small relative to

 the effects of large changes in the demand for the product resulting from
 the Great Depression, World War II, and the increased use of synthetic
 fibers in the manufacture of tires and clothing after World War II.

 V

 The results of estimating the labor demand and supply equations by
 two-stage least squares are presented in Table 4. All continuous
 variables are in log form, and the coefficients are short-run elasticities.

 Long-run elasticities are calculated by dividing the corresponding
 coefficients by (1 - a1) and (1 - f3_ ) and are shown in the second
 column.

 The elasticities reported in Table 4 are used to compute the changes in
 piece rates and the quantity of labor for hand picking of cotton by the
 shifts in the demand for and supply of this labor. The first step is to
 solve for the equilibrium values of the endogenous variables as shown in

 17 The 12 states are Alabama, Arizona, Arkansas, California, Georgia, Louisiana, Mississippi,
 Missouri, New Mexico, North Carolina, South Carolina, and Tennessee. Texas and Oklahoma
 were omitted because of the prevalence of strippers in these states.

 18 James H. Street, "Cotton Mechanization and Economic Development," American Economic
 Review, 45 (Sept. 1955), pp. 566-83.

 19 C. R. Hagen, "Twenty-Five Years of Cotton Picker Development," Agricultural Engineering
 32 (Nov. 1951), pp. 593-99.

 20 Ray C. Fair, "The Estimation of Simultaneous Equation Models With Lagged Endogenous
 Variables and First Order Serially Correlated Errors," Econometrica, 38 (May 1970), pp. 507-16.
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 TABLE 4

 ESTIMATED COEFFICIENTS OF THE STRUCTURAL MODEL,
 EQUATIONS 1 AND 2

 Demand Supply

 Long Long

 Variables Coefficient Estimated Run Coefficient Estimated Run

 Lagged Q (Q-) a-, 0.807 f3, 0.401
 (20.7) (5.23)

 Piece rates (P) a, -0.628 -3.25 /3, 1.28 2.14
 (-5.92) (9.28)

 Custom rates (C) a2 0.243 1.26
 (5.20)

 Cotton prices (PCT) a3 0.969 5.02
 (8.52)

 Manufacturing wages (W) 132 -2.51 -4.19
 (-14.1)

 Yields (Y) 133 0.790 1.32
 (10.4)

 Rho -0.080 0.625

 (-1.63) (15.9)

 Durbin-Watson statistic 2.01 2.06

 Notes: Number of observations = 420; t-statistics are given in parentheses. "Long Run" is defined
 in the text. Estimating technique is simultaneous equations. 2SLS corrected for serial correlation;
 see text. Other variables included: state dummies.

 the reduced form equations 3 and 4. (The lagged dependent variable,
 Q-1, and the state dummies are omitted from the reduced forms to
 simplify the equations.)

 1
 P = (ho + 82M + 83Y-ao-a2C-a3PC1) (3)

 Q = p (Po + 2M + 8 3 (ao + a2C + a3PCT) (4)
 a,- 81 a, -pi

 Equations 3 and 4 are used to compute the calculated effects of
 changes in custom rates and manufacturing wages on piece rates and the
 quantity of labor. The calculations simulate average annual rates of
 change for the observed period (see Table 5). For example, over the
 sample period, 1930 to 1964, real custom rates in cotton harvesting
 declined at an average annual rate of 3.77 percent (column 1). To obtain
 the annual horizontal shift in the labor-demand equation due to changes
 in custom rates we solve for the time change of the reduced form
 equation 3:

 1
 (P/P)c = [- a(CIC)] (5)

 (The subscript c indicates that the solution is for the partial effect of the
 piece rate of custom rate changes only.) The result (-0.480) is shown in
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 TABLE 5

 SIMULATED CHANGES

 (percent per year)

 Exogenous Endogenous

 Change in Change in Change in Share

 Variable Piece Rates Labor Explained

 (1) (2) (3) (4)

 Custom rates -3.77 -0.480 -0.614 21%
 Wages in manufacturing 2.73 3.59 -2.25 79
 Total -2.86 100%

 Notes

 Column 1: Annual rate of change; the value of r estimated in the regression log x(t) = a + rt + sd +
 u for each variable x; sd is the set of state dummy variables and their coefficients.

 Column 2: Column 1 times its corresponding elasticity in Table 4 times 1/(a1 - 13l). Endogenous
 rates are simulated. (See, for example, equation 5.)

 Column 3: Column 2 times the corresponding elasticity of supply for demand shifts and the
 corresponding elasticity of demand for supply shifts. (See equation 6.)
 Column 4: Column 3 divided by -2.86.

 column 2 of Table 5. The same procedure is used to obtain the annual
 percent decrease in the labor-supply function and the consequent
 increase in piece rates due to the increase in manufacturing wages.

 (Calculations using the long-run coefficients are not shown in Table 5
 because they yield the same relative price and quantity changes.)

 We are mainly interested in the impact of the changes in custom rates
 and manufacturing wages on the equilibrium quantity of labor. The
 decrease in the demand for labor caused by the decline in custom rates
 decreases piece rates and the quantity of labor supplied. The calculated
 decrease in quantity supplied is obtained by multiplying the annual
 percentage change in price (piece rates) by the supply elasticity, as
 shown by equation 6.

 (QQ)c = f1(P/P)c (6)

 The result (-0.614) is shown in column 3 of Table 5. Similarly, the
 decrease in quantity of labor demanded due to the decrease in supply
 (the latter caused by the increase in manufacturing wages) is determined
 by multiplying the resulting annual increase in piece rates times the

 corresponding demand elasticity for labor (3.59 x -0.628 = -2.25).
 Both demand and supply shifts decrease the quantity of labor ex-
 changed in the market, thus the effects on quantity are cumulative.

 According to the results shown in column 3 of Table 5, about 21
 percent of the total decrease in hand picking labor is due to the decrease

 in demand caused by mechanization (-0.614/-2.86). The remaining 79
 percent is accounted for by the decrease in supply caused by higher
 wages in off-farm occupations. Thus the pull effect on labor supply is
 much more important than the push effect in explaining the decline in
 labor employed in picking cotton over the period studied.
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 VI

 The evidence presented is consistent with the hypothesis that cotton
 harvesting labor was in large part pulled out of agriculture by higher
 wages in nonfarm occupations rather than displaced by the mechanical
 cotton picker. While it would be inappropriate to generalize these
 results to all of agriculture, the cotton harvester is by no means a special
 case of labor pull. The results should at least prompt one to question the
 popular assumption that farm people have been "tractored off of
 farms," in effect losing their jobs to machines.

 The study also highlights the close relationship between the agricul-
 tural and nonagricultural labor markets in a setting of economic growth.
 As wages increase in nonfarm occupations and farm workers leave to
 take advantage of better earnings opportunities off the farm, the
 remaining farmers have no choice but to mechanize jobs such as hand
 picking of cotton where the hourly marginal revenue product of labor
 falls below its opportunity cost. Farm machinery companies along with
 state agricultural experiment stations respond to the increased demand
 by farmers for new mechanical technology by developing such technol-
 ogy. For the most part, the change in the structure of agriculture toward
 larger and more mechanized farms is part of the process of economic
 growth that increases the price of labor relative to that of machinery
 services.21

 Appendix

 DEFINITIONS AND CONSTRUCTION OF VARIABLES

 Quantity of labor: There are no data on days of labor devoted to picking cotton. We,
 therefore, measured labor as bales of cotton picked by hand and obtained the measure
 by multiplying total bales of cotton harvested in each state by the proportion picked by
 hand.

 Piece rates: Prices paid by farmers in each of the 12 states to pick 100 pounds of seed
 cotton.

 Price of cotton: Price received by farmers in each of the 12 states. In Figure 1 the price is
 quoted per 10 pounds to make the size of the figures compatible with the scale of the
 vertical axis. In the regression, cotton price is lagged one year.
 Cotton yields: Pounds of cotton per harvested acre in each of the 12 states.
 Custom rates: Prices paid by farmers to machine pick 100 pounds of seed cotton, twice
 over coverage.

 Manufacturing wages: National average hourly earnings of production workers. In the
 regression they are lagged one year.

 Farm wages: In Figure 1 the national average daily rate is divided by 10 to approximate
 an hourly wage.

 21 Yoav Kislev and Willis Peterson, "Prices, Technology, and Farm Size," Journal of Political
 Economy, 90 (Nov. 1982), pp. 578-95.
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 DATA SOURCES

 Machine prices paid by farmers: For USDA index see U.S. Department of Agriculture,

 Agricultural Statistics (Washington, D.C., 1952), p. 684 and 1967, p. 564.

 Manufacturing wages: U.S. Government Printing Office, Economic Report of the

 President (Washington, D.C., 1969), p. 261.

 Farm wages: U.S. Department of Agriculture, Farm Labor (Washington, D.C.,

 respective years).

 Custom rates, 1930-1948: For sources of custom rates for combine harvesting of wheat,
 see fn. 16.

 Custom rates, 1949-1964:
 Arizona: Arizona Agriculture, Arizona Agricultural Experiment Station (Tucson, re-
 spective years).

 Arkansas: Billy V. Lessley and James H. White, "Crop Enterprises on Cotton Farms in

 Southeast Arkansas," Arkansas Agricultural Experiment Station Report Series No. 111
 (Fayetteville, June 1962), p. 8.

 Georgia: James C. Fortson, "Break-even Points for Harvesting Machines," Georgia
 Agricultural Experiment Station Bulletin No. 66 (Athens, Dec. 1959), p. 78.

 Louisana: Lonnie L. Fields and Suresh R. Landhe, "Farm Planning Guides for Small

 Farms," Louisiana Department of Agricultural Economic Report No. 350 (Baton

 Rouge, Jan. 1966), p. 92-93.

 Mississippi: Morris M. Lindsey, "An Economic Analysis of Custom Work on Farms in
 the Yazoo-Mississippi Delta," Mississippi Agricultural Experiment Station Bulletin No.

 667 (State College, June 1963), p. 9.

 Data for other cotton variables are from U.S. Department of Agriculture, "Statistics on
 Cotton and Related Data," Statistical Bulletin 535 (Washington, D.C., 1974).
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 The Evenson-Kislev
 "Research As Search"
 Model and the Green

 Revolution
 Robert E. EVENSONt and Yoav KISLEV*

 ABSTRACT. - This paper applies the methodology originally developed by
 Zvi Griliches in his studies of Hybrid Corn technology to the Green Revolution. The
 Green Revolution in developing countries - i.e., the production and diffusion of
 "Modern Varieties" (MVs) of crops - had much in common with the development
 of Hybrid Corn varieties. In his original work, Griuches [1957] noted that the
 hybridization method was the "invention of a method of invention". The conversion
 of this method into actual inventions suited to a particular location required the
 building of plant breeding programs in that location, selecting varieties for that
 location. This conversion principle applied to the Green Revolution as well. This
 paper applies the "Research as Search" model of Evenson and Kislev [1976] to the
 production of MVs in the Green Revolution.

 La R?volution Verte : le?ons des c?r?ales hybrides

 R?SUM?. - Cet article applique la m?thode initialement d?velopp?e par
 Zvi Griliches dans ses ?tudes sur la technique d'hybridation et la R?volution Verte.
 La R?volution Verte dans les pays d?velopp?s (i.e. la production et la diffusion de
 vari?t?s modernes de produits agricoles) a ?t? tr?s li?e au d?veloppement des
 vari?t?s hybrides. Dans son travail initial, Griuches [1957] note que la m?thode
 d'hybridation a ?t? ? l'invention d'une m?thode d'invention ?. La transformation
 de cette technique en inventions r?elles est li?e ? une localisation sp?cifique,
 n?cessite la mise en place de programmes de reproduction des plantes ? cet
 endroit ainsi que la s?lection de vari?t?s adapt?es ? cette localisation. Ce principe
 de transformation s'applique ? la R?volution Verte. Cet article applique le mod?le
 de Evenson et Kislev [1976] "Research as Search" ? la production de nouvelles
 vari?t?s lors de la R?volution Verte.

 t R.E. Evenson : Professor of Economies, Yale University.
 t Y. Kislev : Professor of Agricultural Economies, Hebrew University, Rehovot, Israel.
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 1 Introduction

 Zvi Griliches [1957], in his study of hybrid corn, provided us with several tools
 for the analysis of technological change in agriculture. He noted first that the
 hybrid methodology was the "invention of a method of invention". The hybridi
 zation methodology thus did not lead to usable inventions (in the form of hybrid
 corn varieties) perse. Actual inventions required the building of plant breeding
 programs in each major agro-ecology zone (AEZ).

 In this paper we apply the analytics of the original Griliches hybrid corn study to
 the Green Revolution. We incorporate a study of the "germplasmic" contribution
 to plant breeding programs in National Agricultural Research Systems (NARS)
 by the plant breeding programs in the International Agricultural Research Centers
 (IARCs).
 The Green Revolution is the term used to describe the production and the

 diffusion of "High Yielding" or "Modern Varieties" (MVs) of several different
 crop species in developing countries (Evenson and Gollin [2003]). The earliest

 MVs were wheat and rice MVs introduced to farmers in Latin America and Asia

 in the mid 1960s. In some regions, these MVs were adopted rapidly by fanners
 (approximating the rapid diffusion rates for hybrid corn in Iowa). But, as with
 hybrid corn, origin dates for MV adoption varied considerably by agroeconomic
 zone.

 This variation in origin date is well illustrated for MVs of maize (corn)1.
 CIMMYT, the International Center for Wheat and Maize Improvement with a
 mandate for maize improvement, first concentrated on developing improved
 "open-pollinated varieties" (OPVs). The breeding methods for OPVs apply to
 most Green Revolution varieties. They entail strategic crossing of parental lines
 and subsequent selection for phenotypic plant traits. Hybridization requires multi
 generational "inbreeding" followed by crossing of inbred lines to achieve a "het
 erosis-based" yield increase. This heterosis effect is not realized in the subse
 quent generation, so farmers cannot save their own seed from hybrid crops. Once
 improved OPVs were achieved, they could be hybridized. Griliches noted that
 farmers in Iowa had access to hybrid corn varieties 20 years earlier than did farm
 ers in Alabama. Farmers in West Africa did not have access to hybrid corn until
 70 years after farmers in Iowa had access and farmers in Central Africa still do not
 have hybrid corn varieties.

 The IARC-NARS breeding programs are public sector programs. The IARC pro
 grams have been supported by a consortium of donors, the Consultative Group for
 International Agricultural Research (CGIAR). Ten IARCs have crop improvement
 mandates for 15 major food crops and a number of vegetable crops.

 In this paper, we analyze the production of MVs. We utilize the Evenson-Kislev
 [1976] model of "research as search" to analyze IARC-NARS complementarity in

 M V production.

 1 Readers should note that the term "corn" has been applied to maize and to wheat. The "Corn Laws"
 in Britain actually refer to wheat.
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 2 The production of MVs

 Table 1 documents the production of MVs (measured as the number of variet
 ies released by domestic release boards) by period and region for ten major food
 crops. Thirty-six percent of these MVs were based on an IARC cross (IX) and an
 additional 20 percent were based on a ARS cross with an IARC crossed parent.
 This is impressive because the IARC proportion of agricultural scientists is less
 than five percent of total IARC-NARS scientists. The IARC ancestry proportions
 are highest for the regions with weakest NARS programs: the Middle East-North
 Africa and Sub-Saharan Africa regions.

 Following the search model developed by Stigler [1961], Evenson and Kislev
 [1976] suggested the representation of research as a search process. The original

 work was applied to search for a single "trait" or characteristic. The model and
 its extensions are reviewed in this section and further developments regarding the
 "adaptive" or "recharge" features of the model are also developed. An empirical
 application follows.

 2.1 The single period-single trait model

 The single period, single trait model stresses plant traits sought by plant breeders.
 Plant breeders have two alternative search strategies in their research programs.
 The first of these is the search for "quantitative" plant traits governing yields.
 Quantitative traits are controlled by multiple genes (or genetic al?eles) and require
 complex strategies for crossing parental materials and selecting improved culti
 vars. The second is the search for "qualitative" traits such as host plant resistance
 to the tungro virus in rice. Typically, qualitative traits are controlled by a single
 gene. Conventional breeding programs use "back crossing" strategies to incorpo
 rate these traits (modern biotechnology methods are also used to genetically engi
 neer these traits)2.

 Both breeding strategies rely on searching for genetically controlled traits in
 collections of crop genetic resources, which include "landraces" of the cultivated
 species (distinct types selected by farmers over centuries and diffused across dif
 ferent ecosystems), "wild" or uncultivated species and related plants that might be
 combined. The systematic combining of landraces into breeding lines is termed
 "pre-breeding"3.
 Consider the original Evenson-Kislev [1976] model: Existing breeders' tech

 niques and breeders' collections of genetic resources determine a distribution of
 potential varieties indexed by their economic value, x. Suppose this distribution to
 be exponential:

 (1)  f(X) = XeHx~d)

 2 Backcrossing strategies entail crossing parental plants with their progeny to eliminate unwanted
 genetic combinations.

 3 The pre-breeding activities of the International Agricultural Research Center are an important part of
 the recharge mechanism (see Evenson and Gollin [2003b]).
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 The cumulative distribution is:

 (2) F(X) = l-e"M*-0)

 with mean and variance

 1
 (3) 2?( ) = +

 (4) Var(X) = ? 2

 The cumulative distribution of the largest value of x9 denoted by z, from a sample
 of size is the "order statistic":

 (5) Hn(z) = [l-e-x<z-Q)T

 and the probability density function for is:

 (6) hn(z) = [1 -e-^r^e-^^

 The expected value and variance of are

 (8) ^n(*) = iZ4

 Evenson and Kislev [1976] discuss the applicability of expression (7) to plant
 breeding research. Basically (7) can be thought of as the breeding production func
 tion. Expression (9) is a reasonable approximation of (7) for any symmetric dis
 tribution fix) including the uniform distribution (Kortum [1997]) and the normal
 distribution:

 (9) ? ( )== + 1 ( )

 The marginal product of breeding effort is simply:

 dEn (10)  dn

 When a measure of the economic units, V, over which applies is defined
 (e.g., the value of production in a specific ecosystem), the value of the marginal
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 product can be computed and set equal to the marginal cost of search to solve for
 optimal n:

 (11) BV/n = MC(n)

 2.2 Multiple traits

 For two or more traits, each can be characterized by (9) with different param
 eters:

 ? ( 1) = 1+?11 ( 1)
 (12) E ( 2) = 2+ 21 ( 2)

 E ( 3) = 3+ 3 ( 3)

 When these traits are qualitative traits, breeders typically search for them inde
 pendently because there are techniques enabling the breeders to incorporate only
 the single trait in a cultivar. Thus, even if traits are highly correlated, the breeder

 will typically search independently for them4.
 Set

 (13) r?j+n2+...nn =n*

 Equation (13) defines a transformation function (in expected value terms) that
 can be regarded as a single period Innovation Possibilities Frontier (IPF). The stan
 dard induced innovation model predicts that, if breeders are economically moti
 vated, optimal traits will be chosen as a function of prices or values given the IPF
 for n*.

 2.3 Sequential search without recharge

 In practice, we observe multiple period, sequential research in plant breeding
 programs. There are two reasons for this. The first is that experiments have a natu
 ral phasing and evaluation property. In plant breeding programs this entails "selec

 tion under stress". The breeder makes crosses in each period. The Fx generation
 from each cross is evaluated. For some crosses this evaluation may call for termi
 nation of selection. For other crosses, further selection is justified. This selection
 is typically undertaken under stress to better identify the traits. For example, when

 selecting for host plant resistance to a disease, F{ plants are inoculated with the
 organism causing the disease.

 This process of selection is sequential and proceeds for several generations, each
 requiring an evaluation before the next generation strategy can be developed. As

 4 This independent search for traits is dictated by the fact that traits have different genetic sources.

This content downloaded from 132.64.28.130 on Thu, 07 Sep 2017 16:44:27 UTC
All use subject to http://about.jstor.org/terms



 THE EVENSON-KISLEV "RESEARCH AS SEARCH" MODEL
 AND THE GREEN REVOLUTION  619

 these evaluations proceed, more lines are dropped as unpromising and more poten
 tial crosses are revealed to be promising.

 2.4 Sequential search with recharge

 Plant breeding programs are associated with several types of recharge mecha
 nisms. These include:

 1. Genetic resource collection and evaluation programs. These programs are
 designed to discover unidentified sources of genetic contributions.

 2. Pre-breeding programs where landrace materials are systematically combined
 into potential breeding lines by specialized research programs. These programs do
 not seek to develop "final products" or new cultivars. Instead they seek to evaluate
 and produce "advanced lines" that are then used by final product inventors.

 3. Wide-crossing programs where techniques for inter-specific combinations of
 genetic resources (between related species) are utilized. This expands the scope
 of the original materials that can be utilized in breeding programs.

 These programs are "pre-invention science" programs. They provide "recharge"
 to the invention distributions by shifting both the mean and the right-hand tail of
 the invention search distribution to the right. The actual mechanism of recharge
 is often in the form of varieties that serve as parents in the recharged invention
 distribution.

 Suppose that the shifters of the varietal discovery function (9) are interna
 tional germplasm Gp and domestic germplasm, Gn. Then we write the germplasm
 enhanced varietal discovery function as:

 (14) VN = a0+dl 1 (? )+^ ln(?nX?7 +d, ln(BN)GN

 Equation (14) specifies the contribution of international germplasm and cumu
 lated domestic germplasm to national breeding programs5.

 2.5 Location specificity and recharge

 Foreign germplasm, Gp may take the form of varieties suited for direct release in
 the recipient country. In this case they could be directly substitutable for domestic
 innovations (varieties). In the empirical section below, a subset of the varieties
 crossed in an IARC program are treated as germplasm for national programs. We
 measure potential recharge value by whether the internationally bred variety was
 released in a given country6.

 5 Note that for inventors receiving recharge, the recharge elements shift the invention distribution lin
 early. The diminishing returns to pie-invention or recharge activities themselves are not incorporated
 into the recharge recipients' invention functions.

 6 Gollin and Evenson [1997] provide data on varietal releases by IARC and ARS programs for
 rice. Most varieties crossed at IRRI were released in several countries. Only 6 percent of the NARS
 crossed varieties were released in a second country.
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 2.6 Applying the search model to green revolution MVs

 The research as search model outlined earlier provides a basis for testing the
 impact of imported germplasm on national breeding programs. The "breeding with
 recharge" function imposes a specific functional form for the germplasm impact.
 Estimates of the model are based on national program data for three periods, 1965
 75, 1976-85 and 1986-96, for varietal releases in wheat, rice, maize, beans, and
 potatoes.

 Equation (14) specifies the search model process by which international research
 affects national breeding programs. International research plays a complementary
 role to domestic breeding efforts. Complementarity encourages local investment in
 research. But international research may also compete with local breeding effort,
 when varieties developed in the international centers are released in the individual
 countries. Competition may discourage local breeding effort.

 The estimation framework calls for two endogenous variables, the number of
 varieties produced by a national program and the number of plant breeders in
 the national program. The specification of the two equations are:

 (15) Vtf = a0 + at \n(BN ) + a2 ln(BN )Gj + 03 ln(^ )GN +DC + DP

 (16)

 ln(J?^ ) = 60 +1\ HGj ) + 62\n(GN ) + 63 ln(iL4)+64 ?n(RPopden) + b5 ?n(GDP I c) +

 b6 ln(G/)ln(fr^i)+67 ln(G7)ln(?Popden)+^ ln(Gj)ln(GDP/c) + DTC + DC + DP

 The Gj and GN variables are shifters, they are not part of the current national
 search and are not subject to diminishing returns as is BN. They are also taken here
 as exogenous; that is, (except indirectly) germplasm coming from international
 centers affects national breeding productivity, but national research does not pro
 duce germplasm for the international centers. Dummies: technology DTC, climate
 DC, period DP.

 Table 2 reports variable definitions and means for variables as defined with ref
 erence to equations (15) and (16). Data are for 3 periods, 1965-75, 1976-85 and
 1986-96. In parentheses, number of observations.

 VN is the number of varietal releases in a country based on crosses made in
 national programs over the period.

 BN is the number of scientists engaged in research on the crop at the begin
 ning of the period. The variable BN was estimated in two stages. First the total
 number of senior agricultural scientists for the period and country was computed
 from the ISNAR database (Pardey and Roseboom [1990]). In the second stage,
 the number of scientists in a country was allocated to crops in the following way.

 A search was conducted in the FAO Agrostat database for publications on plant
 breeding and related activities by crop; a similar search was conducted on social
 science research, animal and pasture research and other fields of agricultural sci
 ence. Publication shares for plant breeding on the crops in question were then com
 puted for each country. These shares were multiplied by the ISNAR scientist data
 to obtain our measure of crop level BN.
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 Table 2
 Variable Definitions: Means by Crop - 3 Periods 1965-75,1976-85 and 1986
 96.

 Variable Definitions  Wheat Rice Maize Beans Potatoes
 (66) (54) (32) (45) (51)

 I. Endogenous Variables

 BN Number of scientist man 298 206 126 25.6 61.1
 years in NARS programs

 VN Number of NARS crossed 30.6 19.5 10.5 4.36 11.6
 varietal releases

 II. Exogenous Variables

 G, International Germplasm 19.0 6.31 1.88 4.09 9.98
 Stocks: Cumulated number
 of IARC crossed varieties
 released in the countries

 GN National Germplasm 21.1 15.4 6.15 1.06 6.61
 Stocks: Cumulated NARS
 crossed varietal releases

 (Fjy) in previous periods

 HA Hectares (000) planted to 2,847 4,613 244 377 1,470
 the crop at the beginning of
 the period

 RIPOPDEN Population Density at the 256 411 523 268 230
 beginning of the period,
 Rural Population/area in
 crops and pasture (FAO)

 GDP/c GDP per capita in US 2,784 2,820 1,954 2,577 3,410
 dollars beginning of period,

 World Bank Atlas Method
 (World Bank Tables)

 Climate Climate class indicators,
 1 from Evenson [2000] (See .26 .39 .64 .62 .58
 2 Appendix 21.2 of Evenson .40 .22 .27 .25 .24

 3 [2003]) .31 .16 .18 .19 .24
 4 .31 .06 0 0 .06
 5 .18 .11 .18 .13 .12
 6 .09 .06 0 .06 .06

 Gj is measured as the cumulated number of international crosses released as vari
 eties in the country. This definition of germplasmic input attempts to take account
 of the fact that only a subset of internationally crossed material is relevant in a
 given country. Crosses made at an international center and subsequently released
 in an individual country clearly indicate that the research done in the center was
 relevant for the specific conditions of the country.

 GN is measured as the cumulative nationally bred crosses released in the country
 at the beginning of the period.
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 Table 3 reports 2SLS estimates of the varietal production function (IS) for each
 crop and for pooled crops. 3SLS estimates for pooled crops are also reported.
 Coefficients for climate and period dummies are not reported.

 Table 4 reports 2SLS estimates of the breeders investment function (16).
 Coefficients for climate, technology class and period dummy variables are not
 reported. 3SLS estimates for pooled crops are reported.

 Table 3
 Estimates: Variety Production in the National Agricultural Research Systems
 Dependent Variable: Varieties Releases in the National Systems, VN

 Independent
 Variables

 2SLS (Second Stage)
 Wheat Rice Maize Beans Potatoes Pooled

 3SLS
 Pooled

 Ln(Sw)

 Ln (BN) G?

 Ln(BN)xGN
 D Beans
 DRice
 D Potatoes
 D Maize
 #Obs
 R2

 4.813

 (1.54)
 .0966

 (1.85)
 .0141

 (.58)

 66
 .711

 11.926 6.742

 (2.32) (2.79)
 .1443

 (1.53)
 .0835

 (3.45)

 54
 .593

 .8919

 (4.21)
 .0236

 (.72)

 32
 .849

 1.287
 (.71)
 .3496

 (4.55)
 -.00015

 (.05)

 45
 .742

 2.490
 (.69)
 .3314

 (6.24)
 .0427

 (1.47)

 51
 .741

 4.918

 (2.94)
 .1985

 (6.61)
 .0600

 (4.50)
 -2.32
 -3.69
 -6.78
 -.35
 248
 .533

 7.702
 3.26
 .2395

 (6.29)
 .0146
 .73
 1.69

 -9.48*
 -8.42*
 2.09
 248
 .596

 2.7 Implications for productivity of the national
 agricultural research systems

 The recharge role of international programs in the Green Revolution was very
 important to the production of modern varieties. Table 5 reports elasticities for
 independent variables on the production of modern varieties in the national pro
 grams. These elasticities show:

 a. That national breeding resources (BN) are subject to diminishing returns with
 elasticities well below one.

 b. That international germplasm (G?) has an important productivity enhancing
 impact for all crops.

 c. That national germplasm stocks (GN) also have a productivity impact, but of
 smaller magnitude than international germplasm.
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 d. That the sum of the production elasticities is approximately one or greater
 (except for wheat), indicating that the recharged national breeding programs

 were not subject to diminishing returns.

 Table 5
 Modern Varieties Production Elasticities

 _2SLS (Second Stage)_

 Independent \yheat Rjce Maize Beans Potatoes Pooled j^^, Variables Pooled
 23 J2 J? !<52 A5 M
 Gj .23 .20 .50 .73 .92 .38 .46
 GN .04 .28 .04 0 .08 .14 .04
 Sum .50 1.20 1.35 1.35 1.52 .97 1.10

 2.8 Implications for investment in national systems of
 agricultural research

 International germplasm has two effects on investment in the national programs.
 One is the complementary effect reflected in Table 3 and 4. The second is a sub
 stitution effect associated with the fact that international centers produce varieties
 that potentially compete with varieties produced by the national systems.

 Table 6 reports elasticities for the investment equation (16).

 Gj elasticities are evaluated at median levels of population density hectares
 planted and GDP/c.
 The elasticities show:

 a. That investment in the national programs responds positively to hectares
 planted to the crop, but with elasticities below one. This is indicating that there
 are significant scale economics to plant breeding programs.

 b. That investment in the national programs responds positively to rural popula
 tion density. For the pooled estimates die RPopden elasticities are approximately
 0.5, similarly to those for hectares. This population density effect is reflecting
 concern with land scarcity. This "Boserup effect" (Boserup [1965]) is quite
 strong. Countries with low population densities perceive that they can expand
 production by expanding area cropped and they do not invest in plant breeding
 capacity.

 c. Income (GDP/c) elasticities are low and not statistically significant.

 d. International germplasm (G7) elasticities evaluated at median rural population
 densities, hectares planted and GDP/capita are positive.

 e. National germplasm elasticities are not significant.

 These findings indicate that national programs with large acreages and high
 population densities are responding positively to the complementary impact of
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 Table?
 Elasticities: Investment in Development of Varieties in the National Agricul
 tural Research Systems

 2SLS (Second Stage)
 Independent
 Variables  Wheat Rice Maize Beans Potatoes Pooled  3SLS

 Pooled
 HA

 RPopden

 GDP/C

 Gr Values

 Values

 .75
 (.000)
 1.12

 (.000)
 -.08

 (5.26)
 .10

 (.143)
 -.087
 (.40)

 .78
 (.000)
 .99

 044
 .84

 (.641)
 3.08
 (.612)
 (.150)
 (.601)

 .67
 (.026)
 .84

 (.005)
 .49

 (.032)
 .41

 (.028)
 (.251)
 (.315)

 .59
 (.026)
 .39

 (.279)
 -.14

 (.653)
 .10

 (.255)
 -.018
 .93

 .51
 (.007)
 .24

 (.704)
 .80

 (.022)
 .09

 (.704)
 .013

 (.920)

 .50
 (.000)
 .49

 (.000)
 .13

 (.319)
 .21

 (.015)
 -.03
 (.67)

 .52
 (.000)

 .47
 (.000)
 .09

 (.330)
 .40

 (.009)
 -.066
 (.33)

 values; sum of coefficients in parentheses
 * Evaluated at median values of interacting variables.

 internationally bred germplasm. For countries with small acreages and low popula
 tion densities, the substitution effect outweighs the complementary effect. When

 weighted by actual hectares, population densities, and GDP/capita, these estimates
 show that the weighted net elasticity is approximately 0.18. IARC programs thus
 stimulate NARS investments.

 3 Returns to research

 In Griliches' original work [1958], methods for estimating benefits for a supply
 function shift were developed. Benefits estimates were based on changes in con
 sumers' surplus plus changes in producers' surplus. For hybrid corn development,
 a cost (of R&D, both public and private) stream was assessed for the period 1900
 to 1957. Annual benefits estimates were based on experiment station and field plot
 comparisons between OPV and hybrid yields. With measure of adoption rates, an
 annual benefits stream for 1900 to 1957 was constructed (benefits were not actually
 realized until after 1927). With these benefits and cost streams, Griliches calculated
 Benefit/ Cost ratios and an internal rate of return to investment.

 This study utilized similar experiment station and field trial data along with
 country study data to obtain estimates of Modern Variety/Traditional Variety (MV/
 TV) advantages (similar to the term in Griliches' work). From these data and
 MV adoption rate data, benefits streams for crops and regions were constructed.
 Cost data series (from Judd, Boyce and Evenson; Pardey et al, [1990]) were con
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 structed. From these series Internal Rate of Return estimates were computed. These
 are reported in Table 7, where a summary of other IRRs (Evenson [2001]) is also
 reported. The IRRs calculated from these estimates are similar to those reported
 in other studies except for NARS in Africa where they are lower because of long
 periods of NARS ineffectiveness7.

 4 Conclusions

 The Green Revolution produced technological innovations enabling tremendous
 welfare gains to consumers in virtually every country in the world. The aggregate
 supply increase from the Green Revolution produced significant declines in the
 costs of food in all countries (including the developed countries). Green Revolution
 gains were realized unevenly across regions and countries. Farm incomes were
 affected unevenly. Farmers with access to MVs gained income. Farmers without
 access to MVs generally lost income as prices declined.
 We provided a test of the Evenson-Kislev Research as Search model utilizing

 data from national and international plant breeding programs in developing coun
 tries. Data for five crops ? wheat, rice, maize, beans and potatoes ? were ana
 lyzed. These were the dominant Green Revolution crops.

 This paper also evaluated the net impact of the building of the international
 research centers on investment in the national programs. This effect has two parts.
 The recharge effect is positive. The competition or substitution effect is negative.
 That is, internationally crossed modern varieties compete with modern varieties
 crossed in the national programs.

 This analysis showed that there are implicit scale economies affecting national
 investment in agricultural research. The analysis also showed that rural population
 densities stimulate investment in research. The international germplasm effect on
 investment in the national programs was related to both size of program (hectares
 planted) and population density. For small programs and for countries with low
 population densities, competition effects of international germplasm dominated.
 For larger countries and population dense countries, recharge effects dominated.
 For all developing countries (weighted by population density and hectares planted),
 the net impact of international germplasm was positive. The doubling of the invest

 ment in the international centers from 196S to 1985 stimulated 18 percent more
 investment in national programs.

 In Part II, we computed internal rates of return (IRRs) in the spirit of the original
 Griliches work on hybrid corn. The original IRR for hybrid corn, computed by
 Griliches was 43 percent. Studies reviewed by Evenson [2001] reported similar
 IRRs with variations by region. Our calculations in this paper show that IARC
 investments yield very high IRRs, while NARS investments were somewhat lower.

 NARS IRRs for Africa were quite low when full costs were considered.

 7 The internal rate of return (IRR) is the rate at which the net present value of benefits equals the net
 present values of all costs (see Evenson [2001] for details).
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 The Green Revolution had profound effects on human welfare (child mortal
 ity, morbidity, malnutrition). We do not document these effects here. But in the
 tradition of Griliches, we believe that we have shown, as he did, that crop genetic
 improvement programs have a high payoff.
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Overestimates of Returns to Scale in Agriculture-
A Case of Synchronized Aggregationo

Yoev lirsr,ur'

Past studies of the aggregate production function of o{merican agriculture
indicate very high retu.rns to scale. These Gndings are not supported by farm-
trevel analysis. It is suggested that the aggregate estimates are biased, even if
the assumption that all farms operate on the same function is accepted, due
to grouping synchronized with regional efiects which are not included in the
analysis. An algebraic analysis of synchronized grouping is presented, and
the use of covarianee analysis is suggested as at Ieast a partial correction of
the bias. Empirical ffndings, production functions fftted to the 1949 and 195g
Census of Agriculture data, support the hypothesis of overestimates of re-
turns to scale.

AGRICT TTURAL production functions estimated from aggregate data
,[ have indicated very high returns to scale. As reported by Walters
[tZ, p. eO], Tintner estimated the sum of the coefficients in a Cobb-Douglas
function at the division level (10 divisions in the Ilnited States) to be 2.51;
and Johnson [7] reported a value of 1.26. Recently Griliches reported values
of 1.352 to 1.362, estimated at the productivity region level (68 in the
country) [a], and 1.192 to 1.282 aL the state level [Z].

At the farm level, however, the picture is quite different. Heady and Dil-
lon [5, Table 20] summarized the results of eleven studies conducted at the
farm level in the United States. fn seven cases, the sum of the coefficients, in
the Cobb-Douglas production function, was higher than unity; in only four
cases were the sums significantly different from one. The values of those four
estimates were 1.17, 7.27, 1.70, and 1.15. In private communication with
Professor Griliches, J. G. Elterich of Michigan State University reported
the results of 56 production function estimates at the farm level. In 20
cases, decreasing returns to scale were estimated;in24 cases, the sum of the
coefficients was between 1.0 and 1.2; and in 12 cases, it.rvas larger than 1.2.
The highest value reported was 1.256. There $'as no information available
regarding the standard errors of the estimates.

In general there is no reason to expect farm-level and aggregate analysis to
yield the same results. If farms operate on different microproduction func-
tions, then aggregate estimates of the structural parameters will be biased,
as Theil has shorvn [fS], in unknown directions and to unknorvn extents. To

* I am indebted to the members of my thesis committee-Zvi Griliches, D. Gale Johnson,
and T. W. Schultz-and to Giora llanoch, Finis \Yelch, and Yair nlundlak, for guidance and
help. The errors are m), sole responsibility, This v'ork was supported by a Ford Foundation
grant for research in productivity and economic growth.

Yoev Krsr,rv is a lecturer in the Department of Agricultural Economics, Faculty oJ AgricuL
ture, The Hebrew Unitersity, Rehouot, Israel.
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be sure, such biased estimates are not necessaril;, useless. In a slowly chang-

ing world like ours, they can help to forecast future economic trends [11],
and in many cases aggregate analysis n'ill yield better predictions than indi-
vidual-Ievel data [4,]. But such biased estimates cannot teli anything
about the structure of the farm-level production process'

There are, however, cases in which aggregate a,nall'sis will yield unbiased

estimates of the micro parameters. One such case, discussed by Prais and

Aitchison [fS], is that of grouping-aggregation of individual observation-s

operating on the same function. IIere, however, the absence of bias depends

on a completely specified and accurately observed model, conditions which

are rarely met. In the circumstances under which most empirical rvork in

economics is done, incomplete modeis will yield biased estimates at the indi-

vidual as well as at the aggregate level. It is argued in this article that an

important specification error in agricultural production function analysis is

the omission from the regression of regional effects, and that grouping into

regions, where the grouping process is synchronized with the omitted vari-

ables, can be the reason for the differences between aggregate and farm-leyel

estimates.
In the terminology of covariance analysis [16], returns to scale in farming

should be estimated from the "within group" regression. Omitting the re-

gional efiect, we estimate the overall (biased) regression at the farm level; the

aggregate analysis is the "between group" regression. I will show here that
the specification bias of the between-group regression is larger than that of

the overall regression coefficients, but that, at the same time, aggregation

eliminates biases due to the omission of variables which vary only rvithin the

groups. Empirical evidence presented seems to support the hypothesis that
ihe net effect of aggregation, in agricultural production function estimates,

is to increase the specification bias and, as a result, to overestimate returns to

scale.
The Algebraic Analysis

Grouping as such does not introduce iin;y- bias into the estimated coefii-

cients. Consicler the simple model.

(1) Yr: :a*dxi:*ui,:,
s,here

j is the group index ancl

i (i:1, Z ' . .Ii) is the index of the individual unit n-ithin the group.

Assume the classical regression conditions to prer.ail, that is, xr- is uncor-

related with uu and

E(u1u,,): {o^ 
k#r.

(o'': k: m

(h and m run through all the observations).
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At the group level we estimate the betrveen-group regression,

(2) .vi:d+Eii+u:
where a bar, here and throughout, indicates that averaging was done on the
missing index. 6 is an unbiased estimate of B:

2(x: - x)(i: - y) >(xi - x)(xj - x)B
E(b) : ,ffi >i&l-:,3,

since

E(fljxj):E(ui:xii):0.
Homoscedasticity is maintained, however, only if the groups are of equal

size, since
(0 :*k(3) E(uiur.) : I(o'27I; j: k'

This was the Prais and Aitchison case. But let us consider now the model

(4) Yij: a*0xi,: *?zi: *ur;.
Let us assume again that the classical conditions prevail but that the model

is estimated by the regression

(5) Yij :a*bxi: *vi:.
As is well known, b is now biased:

(6) E(b):0*"YP,

where p is, in the terminology suggested by Theil [tn, p. szo], the coefficient

of the auxiliary regression of 21; on xi;.
At the group level, the estimated equation is

(7) )--i:[*bx;a'-,'
and

(s) E(6):g*rP.
where p is the coeflficient of the regression of.Zl on i;. Our goal is to compare

the magnitudes of p and P.
It is useful to assume that the groups are of equal size (I;:I, for all j's)

and to introduce two identities and efficient sy'mbols:

II (xii-i)(zi; -z): tI (x1;-x;)(z1i-z:)
ijij

+II (ij-i)(zj-z),
j
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or, for brevity,

Similarly,

Cl:Ci:+ICj

-x)2:Q:Q,i*IQ:.I I (*,,
ij

fn these symbols,

(e)

and

(10)

(r2)

n-hich, in turn,

(13)

Cr: * IC:

Q': * IQ:

-C;p:=
Q;

zii : iit for all i's and j's,

means that c1;: $ a16

Qri * IQ;

IQ,

Cp:r:
(l

The ratio betrveen the two coefficients is

(1 1)
p _ ICj. Q,j + IQj 

_

p IQ; Ci: * ICi
IC: Qr: * IQ1

Cii * IC: IQ;

In general, (11) will difier from unity, i.e., p*p, and the bias in I u'ill not be
the same as the bias in b.

Several cases can be distinguished:
(a) Zt:2, for all j's. The unobserved variable varies only "within" the

groups and has no "bet*,een" groups variance. Here C;: g and p: g-u 
"u."of "good aggregation"; the grouping process eliminates the bias altogether.

(b) Grouping is done at random and the group lines are not correlated
with the variables in the model. Here E(Q;):Q/I and E(C:):C/I. Thus
plim (p):plim (p). Random grouping into large groups does not change the
specification bias.

(c) In our uncontrolled economic experiments, the omitted variables are
usually correlated with the grouping method; we seldom, if ever, group
randomly. An extreme case of synchronized aggregation will be the case in
which the omitted variable is a group effect that varies only from group to
group. Now (4) is a covariance model, in which

p

p

O',

IQ:

Qr: and Q;, being sums of squares, are positive; (13) thus indicates that the
omission of the group effect causes a larger bias in the "between group" re-
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gression coefficient than in the overall coefficient. This increase in the bias

is due to aggregation synchronized rvith the omitted group effect and is,

therefore, called here the Synchronization Effect. It is demonstrated
graphically in Figure 1, in which auxiliary regressions of z on x are depicted.
The dots mark three observations for each group at a different z level, and

the between-group regression slope (line 1) is larger than the overall slope

(line 2).

= a + 'pX. +- r-J

Figure 1. Auxiliary regressions, overall and between groups

(d) In most cases, however, the omitted r"ariabie, even if correlated rvith
the group lines, is likely to vary u.'ithin the groups too. Grouping combines,
then, the effects of the cases discussed under (a)--elimination of within-
group varia,nce-and under (c)-synchronization efiect; p may be smailer

or larger than p. To make this point clear, we may ren rite (11) as

,14)

Z,

z.
l_1

1.

1L.

= a + pi. + u.-J J

u.
l- -l

J

l:r+('-#)I -f -, 
TC.

/h
' ./t -/"'

r(

-.<"1
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Seldom will Ci: and C; differ in sign. Seldom will one variable be positively
correlated with another s,ithin groups and negatively correlated between
them, or vice versa. If they are, then (14) may be larger than (13). More
likely Cr5 and C; will have the same sign and (14) will be smaller than 118).
Equation (14) may even be smaller than unity; if the elimination of the
within-group variance dominates the synchronization efiect, the specifica-
tion bias rvill then be smaller at the group level than at the individual level
of analysis.

In Appendix I it is shou'n that the conclusions for the multiple regression
case are similar to those derived here. With respect to one point, horvever,
the two cases differ. \Yhile in the simple regression the synchronization
efiect (equation 13) always increases the absolute value of the specification
bias, the result is not predictable in a muitivariant model.'Ihe reason is that
the bias in any one variable is affected by the synchronization effects of all
the variables included in the calculations, and of these variables some uray
be positive and some negative, a condition which makes the a priori determi-
nation of the result impossible. 1l'here is, however, one exception to this rule.
The synchronization effect increases the absolute value of the bias in every
one of the estimated coefficients if all the covariances among the included
and the omitted variables are positive. In economic data, such positive co-
variance matrices are common.

Aggregate regressions would not have synchronization bias if models were
completely specified and accurately and fully observed. This condition is,
however, practically unattainable. ff one is willing, on the other hand, to
accept specification biases at the individual-unit level but wants to elimi-
nate any changes in the biases resulting from aggregation, random grouping
will be appropriate. In most cases, holvever, aggregation of data available in
individual form has been suggested in order to economize in computations.
lVith tle prevalence of high-speed electronic computers today, it seems that
the saving in computation effort is not worth the reduction in the efficiency
of the estimates that results from any aggregation [18].

A partial correction of the specification errors is to allow for the group
effects by a covariance analysis. This approach has already been suggested
by Mundlak [te] and Hoch [6] for the elimination of specification biases at
the individual level. The covariance analysis req.uires more than one obser-
vation per group; thus, at the aggregate level, at least two cross sections,
from different time periods, will have to be utilized. Then, on the assump-
tion that the structural parameters are constant over a period of time, the
equation estimated, instead of (5), will be

(15) f;t : E: a 6x;, a v,;r,

n'here t stands for the cross section.
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Production Function Estimates

The empirical analysis proceeds on the assumption that the farms (the
individual units) within regions (the groups) operate on a Cobb-Douglas
production funetion of the form

(l 6) x.E" (r:1,2,...,k),

rvhere y stands for output and x" for the input r. Farm and regional indices

were omitted from (16), which was estimated by a linear regression in its
logarithmic form.

Let the frth variable represent productivitl, characteristics of the region:
soil and climatic conditions, availability of professional in-formation, quality
of roads, and similar factors. To apply the results of the previous analysis,

we let the equation

(17)
k-1.: Io"

r

be the true indicator of returns to scale. Tire sum in (17) does not include

Bp since the question is what change will be caused in farm output by an

equiproportional change in all inputs, and not what change will occur as we
move from one region to another.

If the only specification enor is the omission of xr, then b", the estimate of
p,, is biased:

(18) tr(b"):0"-|-0r.P",

where p. is the coefficient of the variable r in the auxiliary regression of the
group variable on aII the observed inputs. e is estimated by

973

k

Y:A+

k-1

": Ib"
r

and is biased:

(1e)
k-l k-l

E(e): I B"+gn I p".
!r

The hypothesis ofiered is that, e is biased upward at the farm level and

that synchronized aggregation increases the bias.
The estimate of returns to scale (e) will be biased upward at the farm level

if 0t and the p"'s are positive. B1 is positive b). definition. Positiye p"'s mean

that the omitted effect is complementary to the inputs in production, that
the higher the level of this effect, the larger *'ill be the doses of factors of
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production employed. The multicollinearity prevalent in farm production
data (e.g., Table 3) indicates general complementarity among inputs, and
there is no theoretical or practical reason to expect the group effect to be the
exception to this rule.

Positive synchronization effects in the rnultifactor production function.
rvhich contribute to an increase in the bias at the group level, result from
positive covariances among inputs and regions. Again, 'Iable 3 (similar
correlation coefficients were obtained at the regional level) and the comple-
mentarity of factors discussed above are consistent with such positive co-
variance matrices.

The resulting synchronization effects can be of substantial magnitudes.
In Table 1, simple regression synchronization efiects are reported for a
sample of 351 farms in 16 counties in Texas. This is equation (13) appiied
successively to six inputs, assuming each time a single-factor production
function and aggregation into counties. The values found range from 8.? to
13.7. These effects, however, are likely to be overestimated, since the sample
was taken from a rather homogeneous area, where the between-counties
sum-of-squares deviations are probably smaller than those for a sample of
counties taken at random from the country as a whole.

The synchronization effect rvas also calculated for the number of acres per
farm in 148 counties in the conterminous Lrnited States.l The ratio of the
within- to the between-counties sum-of-squares deviation was 2.566, and thc
synchronization effect was 3.556. This is likely to be an underestimate, since
the variable considered is the number of acres, instead of the value of land.
The latter is the variable which should have been included in the production
function, since the value of land probably varies less among counties than
the number of acres.

These findings indicate the possibility that synchronized aggregation may
increase the specification bias substantially. For example, Iet us assume a
case of constant returns to scale;let us assume also, however, that the surn
of the eoefficients in a, Cobb-Douglas farm-level regression, in which only
the observable inputs are included, is not unity but 1.1-a bias of 0.1 in the
seale coefficient. Let us assume further that the magnitude of the synchroni-
zation effect is 6.0-'well within the range of our estimates-and that it is
equal for all regression coefficients (p":6.0, for all r's). No$,, even if half the
speciflcation bias is eliminated in aggregation (case d on page 971) the aggre-
gate estimate will still be of the order of 1.3. And if the bias at the farm levc'l

I l)ata on frequency distribution of farm sizes are from the 1959 Census of Agriculture,
County Table 2. Ail parts of Volume I of the Census were ordered by numbers and every ninc-
teenth county was included, The calculations rrere made on the a-qsumption that all farms in a
class n'ere the size of the ctrass midpoint. The farms in the "less than ten" class were considered
to be 5 acres each, and those classified as "tri'o thousand or more" were taken as 3000 acres
each.
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Table 1. Synchronization efiects"-Texas sample

975

Sums of squares
(in logarithms)

Synchronization
effect

Variablesb

I-and
Farm expenditure
Hired labor
Equipment
Livestock

',vithin counties
(Q':)

66.37
L94.37

73 .08
40t.24
s85.15

between counties
(IQ:)

5.24
17.57
9.49

39.75
40.05

(1*Qr;/IQ:)

13.67
12.06
8. 70

11.09
10.61

Source: part of the sample used in Williarn G. Adkins, Inconte of Rura/ Fatnilies in
the Blackland Praities, USDA I\fP-659, College Station, Agricultural and Mechanical
Coilege of Texas, in cooperation with United States Department of Agriculture, May
r963.

e Equation (fs). for explanation of computations, see text.
b Tde deflnition of variables (according to the source):
Land-value cf land operated.
Hired labor-total man-work equivalents of hired labor.
Livestock-value of livestock on hand, December 1959.
Farm expenditure-current farm expenditures.

is not 0.1 but 0.2, the sum of the coemcients at the aggregate level will,
under the same assumption, be 1.6.

Actual production function estimates were consistent with the hypothesis
offered. Such estimates were conducted on two cross sections, one for 1959-
Tables 2 and 3-and one for 1949-Table 4. County data for the 1959 study
were from the Census of Agriculture for the conterminous United States.

The production function was calculated once by the factor-share method,2

Variables *rl
n v.1"" .f

Xz

output
Xr Machinery
X2 Farmers
X3 Hired labor
Xr Livestock
& Fertilizers
X6 Land and

buildings
Xz Other

1 .00
.805
.627
.589
.654
.373

.861

.612

I .00
.653
.241
.546
.239

.787

.538

1 .00
.204
.340
.237

I .00
.204
.384

.492

.304

1 .00
.t4t

.531

. 431

I .00

.236

.183
I .00

.sgs I I.oo

For source and definition of variables, see Appendix II A.

2 For reference to the factor-share method, see Klein [f0, pp 193-191]. It can be shos-n [l]
that factor-share estimates are biased, but in a study such as the present one, rvith close to
3000 observations, the bias, which is inversely proportional to the size of the sampie, can be

safe'ly ignored.

Table 2. Simple correlation coemcients at the county level, 1959 data
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Table 3. Cobb-Douglas production function,

w Acnrcur,runn

1959 cross section"

County I Productivity region

Regressionsb
Geo-

metric
average

Factor
shares

Variables

R'
Y (Output)
X1 (Machinery)

X2 (Farmers)

Xs (Hired
labor)

Xr (Livestock)

X6 (Fertilizers)

X5 (Land and
buildings)

Xz (Other)

Sum of
coefficients

olt
.s73 I .gt+

.333 |.r*
(.0s3) I (.0s1)

7 ,446
I ,935

(

ls.oso
1'
t

982

r87

27 ,390

768

.260

(
1.415
I
t

.t25

.025

.283

. r03

L.ztl

.907

.24L
(.01r)

.254
(.0r2)
.176

( . oos)

.t7r
(. oos)

.045
( . oo4)

.254
(.010)

.934

.239
(.014)

.230
( .013)
.17A

( . 006)

. 178
( . 006)

.048
( . oos)

.166
(.012)

.022
(.003)

1 ,053
( .033)

.999

.401
( . ose)

.051"
(.078)
.20L

(. o2e)

.134
(.034)

.085
(.0s6)

.425
(.064)

- .085
(.043)

7.212

.2L9
(.08s)
.224

(.o27)

.t41
(.031)

.to2
(.024)

.093
(. oss)

.r57
(.044)

1.269

.276
(.073)
.194

(.o21)

.128
(.028)

.076
(.024)

. 153
(. oss)

. 1s3
( .041)

t.238
(.0s6)

For source and definitions of variables, see Appendix II A.
u Values in parentheses are standard errors of estimates.
b Regressions:

L. Without regional dummy variables.
2. With regional dummies.
3. Logarithmic aggregation.
4. Arithmetic aggregation, unweighted.
5. Arithmetic aggregation, weighted by the number of farms in the region.

c Not significant at usually accepted ievels.

and regressions \!-ere computed at the count?l and the productinity regiolt.
level.3

The sum of the coefficients at the county level (regression l) is l.1CZ. Co-
variance analysis-the inclusion of dummy variables for the 68 productivity
regions-contributed significantly to the e--iplanatory power of the regres-
sion (F67rrru:18.33 for the test of the hypothesis that the dummy variables
did not eontribute to the explanation) and reducecl the sum of the coefr-
cients to 1.053.

iNhe 1949 analysis ('l'able 4) *-as eonducted at the productivity-region
level onl.v. Two sets of variables were prepared. One is the set used by'
Griiiches [S] in Uis study of the same clata (regression C is, apart from

3 The delineation of the 68 productivity regions was dorre according to the souree of the l9ilg
data. See Appendix II B.
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Table 4. Cobb-Douglas production function, 1949 cross section-pro'
ductivity-region level'

Regressions
Variables

Rr

Xr (Machinery)

X2 (Family labor)

X3 (Hired labor)

Xr (Livestock)

& (Fertilizers)

X6 (Land and buildings)

x? (other)

)<a (Land)

Xe (Buildings)

X1s (Workers)

X1 (Regional effect)

Sum of coeffrcients

.975

.306
( . oso)

.976

.298
(.042)

.986

. 157
(.047)

.349
(. 133)

.tt7
(.020)

.175
( . o2o)

- .093
(. o3o)

.603
(.08s)

t.263
(.04s)

.296
(.180)

.134
(.027)

.L22
(. 033)

.174
( .033)

.t02
(. o4s)

.441
(.074)

1 .366

.102
(.034)

.232
(. o2e)

. 116
(.04s)

.472
(.076)

I .356
(.070)

.093
( .038)

.380
(. 066)

.472
(.0e3)

r.222
( .018)

.131
(.02s)

- .064b
( . o4o)

.380
( .046)

.229
(.071)

1.302
( .062)

For source and definition of variables see Appendix II B'
a For explanation of regressions, see text. Values in parentheses are standard errors of

estimates.
b Not signiflcant at usually accepted levels.

rounding errors, his IJ17); the other is as close as possible in its definition to
our 1959 set. Regressions 6, 7, and 8 belong to the first set, 9 and l0 to the
second. Since there was onl)' one observation per region, an ordinary co-

variance analysis could not be made. Instead, the coefficients of the regional
dummies from regression 2 in Table 3 were included in regressions 8 and 10

of Table 4. This procedure is identical to a covariance analysis under the
assumption that the structure of the regional efiect did not change from
1949 to 1959 and that it $'as estimated correctly in the 1959 study' The

.976

.359
(.0s1)

. 154
(.022)

. 128
(.024)
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coefficients of the regional efiects are significant, and again the estimates of
the scale coefflcients in regressions 8 ancl 70 (1.222 and 1.P68) are smaller
than their counterparts in regressions Z and g (f .B5O and l.B0Z), in which
the regional effects were not included.

The inclusion of regional du'rmies in regression P is not a fuil-scale covari-
ance analysis and cannot be expected to eliminate all the svnchronization
biases. To clarify this statement, Iet us consider the separation of the
omitted effects into farm, county, and regional effects. The county effect is
so defined as to be measured from the regional effect, and the farm effect
from the county efiect. Thus there are no within-region variations in ther
regionai effect and no within-county variations in the county eflect. trn this
form there are three sources of bias at the farm level-the omission of each
of the three effects. A covariance analysis at the county level, in which the
regional effect is allowed for, eliminates the biases due to the farm effects
(case a) and to the omission of the regional effect. The county effect is not
allowed for and the part of the bias due to it is even increased-compared to
the farm-level regression--as a result of synchronized aggregation. The
availability of more than one observation per county wiil permit us to allow
for the county effect, as well as for the other two.

Two additional points should be noted. First, since counties and regions
do not have equal numbers of farms, homoscedasticity is not maintained
(equation 3 and Appendix I), and the regressions have to be weighted by the
number of farms in the county or region [S, pp. 207_2111. Regression 5 in
Table 3 is u'eighted, and in Table 4, regressions ? and 10 are weighted. trf we
compare regression 5 with regression 4, and regression ? with regression 6, v-e
can see that the weighting process reduces the coefficients of machinery and
livestock and increases those of land and family labor in 1959 and of all
workers in 1949.

Another point that has not been discussed hitherto is the form of aggrega-
tion. In the framework of the Cobb-Douglas function, arithmetical averag-
ing constitutes an aggregation error. Logarithmic aggregation is tried, from
th.e county to the regional productivity level, in regression 3, but the coefr-
cients are "unreasonable," perhaps because of the fact that aggregation into
counties was arithmetic. The differences between logarithmic and arithmetic
aggregation are functions of the variance. Furthermore it can be shown [g]
that, if the distribution of the farm data is log-normal, then arithmetic ag-
gregation can be corrected by inclusion of county variances in the regression.
The log-normal hypothesis'lvas tested on the Texas sample of Table 1 and
had to be rejected, but further attempts to fit a theoretical distribution to
farm data are warranted, particularlv since the Census of Agriculture con-
tains information on frequency distributions of factors of production which
can be used to approximate the variances.
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Summary

Aggregation, even grouping-aggregation of economic units operating on

the same function-alters the specification bias if, as is usually the case, it is
synchronized with the errors in the model. This effect can be quite substan-

tial and is perhaps the reason for the very high aggregate estimates of re-

turns to scale in agriculture. Covariance analysis was suggested as a solution
and tried on t.wo cross sections. This method reduced the estimated scale

iroefficients.
Appendix I

The Multiple Regression Case

'Io express grouping as a matrix operation, define G(mXn)(m(n) as a

grouping matrix, exemplified by

979

(})
.r0
o+

(y
I

lv0\i
+/ l'

]Y

ty

2

lr

o

lL1
l3 3:\n 

0
: GY.

There are nl((m!(n-m)l) u'ays to group n observations in m groups.

{lonsider the family of all the distinct G matrices possible (each one is a
permuted version of every other). Random grouping can be represented as a

selection at random of one matrix G (or, alternatively, as a selection of a
permutation of matrix M, of the order n, followed by the multiplication
operation GIIY). The complete model at the ungrouped level is

(L1) Y:xB+u.
Dstimating B (now a vector), we may write

b : (X')()-t[/y

E(b) : (X'X;-tr5'1P: P.

(I.3) GY : GXp + GtI.

E(GU):0 since E(U):0, if the classical regression conditions are main-
tained in (I.1), so that

(I.4) E(b) : (X'G'G)1;-1XG'GXB
_D
- lr.

und

(r.2)

Grouping, we get
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Grouping as such does not bias the estimated coefficients.
Homoscedasticity is not maintained. If, at the ungrouped level, U,I-i

: o2I is assumed, then after grouping,

(r.5) (GU)',(cU) : U'G'GU : o2GG'

In case of specification error, a matrix, R, is observed instead of the true
data matrix, X. Estimating, we write

(r.6) E(b) : (R/R)-tft/i3: PB

and, at the group level, we have

(r.7) E(b) : (R'G'GP;-rR'G'GXB: B.

If the specification error is an omission of some variables, the correct
matrix X can be written, without loss of generality, as X: [X tZ]. Xow,

P : (R',R)-1R',[R:Z]
: [I:1R'g;-t11'2]
: [I:>],

and

P : (R'G'GR)-'R'G'G[R: Z]

: [I,(R'G'GX)-'R'6'G7]: [r,>].
In comparing P to P, it will be sufficient to compare 2 to ). This comparison
shows the following:

(a) No between-group variations in Z; that is, GZ : 0,2 : 0,P : [I : O]. No
bias at group level.

(b) Random grouping; that is, plim (P):plim (P). In large samples and
groups, random grouping does not alter tle specification bias.

(c) Nowithin-groupvariations in Z. R'G'GZ:R'Z;Lhalis, all the varia-
tions are between the groups; but (R'R)-,1(R'G'GR)-1. Moreover, in
multiplying the matrices which create 2, the elements in the rows of
(R'G'Gg;-t operate as weights in the summation of the columns olR'G'GZ.
Some of the weights can be negative and some positive, and the net result
cannot be predicted.

(d) AU covariances in 2 and E are positive. Then, since R/R:(R'R,
-R'G'GR)+(R'G'GR), and all weights are positive, R'R<R'G'GR and
therefore ) ( E, a clear synchronization efiect.

(e) Nonzero within- and between-group variances in Z; LhaL is, the re-
sults are inconclusive, as in the simple regression case in the text.
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Appendix II
The Data for the Production Function Estimates

A. 1959 cross section

Source: 1959 Census of Agriculture county tables (on punched cards),
unless otherwise specified.

Y (Output) is the total value of farm products sold or intended to be sold
in 1959, plus state average of rental value of farm dn,ellings and value of
home consumption, plus value of farm products sold, tinaes state ratio of
government payments and changes in inventory to cash value of farm mar-
keting. Source for data on nonmarket output: U. S. Department of Agricul-
ture, Agricultural Marketing Service, Farm trncome Situation, FIS-179
supplement (1961), Table 4.

X1 (Machinery) is defined as 22 percent of the value of machines and equip-
ment on farms, plus expenditures on gasoiine and oil. The values of the
difierent pieces of machinery rvere taken from unpublished data prepared
by Professor Griliches.

X2 (Farmers) is the number of farrners b), occupation as given by the Census

of Population (on magnetic tapes) for 1960. Females are counted as 65 per-

cent.

X3 (Hired labor) is the expenditures on hired labor divided by the state wage

rate per day. Source: U. S. Department of Agriculture, Agricultural Market-
ing Service, Crop Reporting Board, Farm Lebor, LA-l, 1959. Quarterly data
on wage rates per day, without room and board, were used to calculate sim-
ple annual averages for 1959. For \Yashington, Oregon, and California, the
per hour wage rate was multiplied by 90 percent of the number of hours
lr.orked.

Xa (Livestock) is defined as l0 percent of the value of livestock on farm
plus expenditures on feed.

X5 (Fertilizers) is the value of fertilizers and lime, weighted by state prices.

Prices were calculated by dividing the 1954 expenditures on fertilizers by
the quantities, and correcting for changes in price level. Source: 1959 Cen-
sus of Agriculture, State Table 5, and U. S. Department of Agriculture, Sta-
tistical Reporting Service, Agricultural Prices, 1961 Annual Summary, Pr
1-3 (62).

X6 (Land and buiidings) is the value of land and buildings.

Xz (Other) is the purchases of livestock and poultry, machines hired, seeds,

bulbs, plants, and trees.

All observations are county totals. A few counties with fewer than 100

farms or with otherwise insufficient information $.'ere not used. Yariables in
the regressions were logarithms of the per farm averages in each county.

981
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B. 1949 cross section

Source (except Xn): E. G'. Strand, E. O. Ileady, and J. A. Seagraves,
Produetioity of Resources Used on Commercial Farms, IISDA Tech. Bul.
1126, Nov. 1955.

Y (Output) is the sum of the values of farm products sold and those used in
household (Table 4 in source).

X1 (l\{achinery) is the interest on mac}rinery, depreciatinn of machinery, ex-
penditures on gasoline and oil, repairs of machinery, and machine hire (Ta-
ble 27).

Xz (Family labor) is the expenditures (imputed) on unpaid family and
operator labor (Table 27) divided by the annual wage rate (Table ?).
X3 (Ilired labor) is the expenditures on hired labor (Table 2?), divided by
average annual 'lvage rate (I'able 7).

Xa (Livestock) is the livestock purchased, interest on livestock, and expendi-
tures on feed (Table 27).

X6 (Fertilizers) is the expenditures on fertilizers and lime (Table 2?).
X6 (Land and buildings) is the value of land and buildings ('Iable 1a).

X7 (Other) is the expenditures on seeds and plants, fertilizers and lime (Ta-
ble 27), and irrigation (Table 28).

Xs (Land) is the interest on land (Table 27).

Xe (Buildings) is the interest on buildings (Table 27).

X16 (Workers) is the average number of workers per farm (Table 7).

Xn (trlegional efiect) is the regional coefficients of regression 2, Table 3.
Variables in the regressions were logarithms of the per farm averages in

cach produetivit;, region.
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Prices, TechnologY, and Farm Size
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Irr this papel'w('(()rlstrtl.t and enrpiricallt test:t the.rrlv o! 
1!e

aqric.lt;rai fir.nr u6i<.h explains-the l.ng-ter nr gr-,rwth in f:trnt stze In

the Urrired Statcs.'l-vpicalll.thc U.S. firlnr urtit is a tamllr entetpttse'

Co,serlre ntl' th. r.uti.r ,rl'the .pp.rrtu,itv <'ost .f [:rrm labol t. tht:

pri.c .if',r',,,,1i,i,r",-t' set'r'it'es deteilnines thc' size of the fllrrlr ()pel-a-

ii,rr., lr' inll,crci.s the rnachine-la6,r' r'atio. Applyinu the rnodel t<r

U.S. tl:rta, *..*pl)ii,., virrually all of the s.owth i, thc rnat:hi.e-labor
r.atio und in f:rr.rn size over the 1930-70 period by changes in relative

lilct()1. pfi(.es $itlrout Ie{erence to "technoloqical chanse" or "ecott-

otrties ol st'ale."

By all conventi()nal rne:lsures, average farm size in the United states

hrs gr,r*n substantially over the past half-century' From 1930 to 1980

lnrrd'rre" per farm increasecl over 2.5 times, while the number of
larrns decrleasecl frorn 6.3 to approximately 2'7 million' Amer-ican

agriculture still consists mainly of family units; as of 1979 only 2'4

p...,.rl, .f all farm and ranch land in the United States was cultivated

ty nonfamil,v corporate ftrrms (USDA 19791t)' ln the corn belt this

we are irrclebtetl ro llarl sw:rnson, Zvi (iriltches, llans Binswanger. and metnbers of
senrin:rr.s a( llinnfsota. Yale. and Reh0vot li)l cotnlrlelrts atrd suggestions. Mtlsl of the

*,,,1k,,n this sttrtlv was done in l\tinnesota when Yoav Kislev was visiting the Depart-

rl|eni ol' Agrit.ultural antl Applierl Econornics.-.I-he pr 0ic< t w.rs supportcd in Israel br

rht U.itcr'i'srates-lsr;rel Agricultrrral Rcseart:h aI)d f)r\'( I.'tllcnr Funcl-BARD'

I triltilel q l'ahtkill h..otiilt\. lltl{2, tol. 9{) rr, :il

a"t if,S',f f^ Ihc Ulilcrsiir o{ Ohirrgir' ,\ll righti rt{'r!c(i {)l}:l:l-:}uoSltt:/9(}(}J-llxrli{)l r-(}
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figure u'as only 1.0 percent.l Labor per farm, both famill'and hired,
shows a remarkmble degree of stabilitv over the last several decades

(table 3, below).
Out-migration of farm labor and the growth of farm size are two

aspects of the same economic process: The rise in urban incomes

serves as an incentive to leave agriculture; the remaining land is left to
felr.er but larger farms. By increasing the quantitv of resources at

their command, farnt families can decre.rse tire urban-rural incorne

gap. However, rr'hile changes in the farrn labor force are generirllv

ittributecl to income equilibrating fbrces (Schuh 1968). the grorvth irr

the size of farms is commonlv attributed to ecotromies of scale lBall
and Heady 1972; Jensen 1977: Garciner and Pope 1978; Hall anci

LeVeen 1978).'z Perhaps the difference in explanation stems from a

separarion of issues. The out-migration of Lrrrn labor is seell as Part of
the process of adjustment of the industry, 1'hile the farm-size issue

relares to the scale of the tvpicalJirm. \\'e attenrpt to explain farm size,

but in -\merican agriculture these two issues cannot be sep:.rrated.

Since the quantitv of labor per farm in the United States has re-

mainecl essentialh' constant over the past half-cellturv, the same fac-

tors rhat affected the capital-labor rirtio in the farm industrv have als<l

affected the amount of resources per firm, that is' farrn size.

In this paper we construct and ernpiricallv test an equilibrium
theory of rhe size of the farnilv farm in which three thctors plav the

leacling roles: input prices, nonfarrn incotne, and techntllogv' We

concentrate on the first two since their introduction constitutes the

major innovation of the paper. The analt'sis is in the nature of com-

parative statics. and dvnamic adjustrnents are mentioned only in
passing. Rent and land values are considered, but capital gains stem-

ming from the recent inflationarv e\periences are disregarded'
The paper is based on a set of restrictive assumptiolls fbrmulated to

caprure the crucial features of the farnilv fhrm and to highlight the

major determinants of its size, the most sPecific of'rvhich is the as-

sumption of a fixed quantitY of familv labor. The analvsis pertains to a

r"Farming corporations. like partnerships. tend to be closely held bv a few lamily
shareh.rlderi. Eightt percent o[ privatelv held farming corporations had fiv-e or fewer

-.hareholders. 
"r.t.1 

79 percerrr uere tanrih oHnetl. lrith larnily menrbers dil'eetlv in-
volvecl in deih'operations. \inetv Percerlt til the elosch heltl corporations h;rd.mlrst til
rheir manalleme.nt providecl bl shareholtlcrs. Farnring is the prinran'. encl often the

onlv. brisiless Ibr tliese corlx,rlrions. Curp,rl.rti.r)5 are liequenth'ttperatetl similar to

paritnerships and often ibrnled ro pre\rr \r tht lurrrili lirrnring operatiott bv iacilitating
ihe rr,rrslb. o1 :rssets betueen getreratiolrs'rUSD--\ 1979a' p. 8;.

. In a paper an:rlvzing tarrrr tet'hnoloqv frorn a perspective different frur.ou^rs. Rieri'
de.Janvit..anclSr:hnritzofttrarcl:rreclerplarrrtion: '..-therateofincreaseinfaltnsize
in ihe titu.e will be dcternrinetl. to.l l:rrqr- c\terlt. bv the rate:rt *'hich the nr:rchine

companies n)anuf:rcture larger :rntl larqer eqr:iprltent' ( I972. p. 802|.
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relatively small farm sss16l--u1[an wages and factor prices (except
for land rent) are determined exogenously to the sector. For conve-
nience and ease of exposition the discussion is conducted in terms of a
field-crop farm, but the theory applies also to a livestock farm with
animal units (cows, hogs, poultry) replacing land area. All symbols are
redefined in table l, and the theoretical analysis is summarized in
table 2. A mathematical formulation is sketched in Appendix A.

The Model

Simplifying, we adopt the number of acres as a m€asure of farm size.
We assume that each farrn is operated by one full-time farmer with no
hired help. With a single operator, the increase in the capital-labor
ratio takes the form of larger and more powerful machines. There are
two sources for the increased machine size. Partly it reflects techno-
logical change in manufacturing. In other cases the knowledge to
build farm machinery and structures of various dimensions is readily

TABLE I

Glosseny or SyuroLs

Quantity Price

Variables

Quantitv per farm:
Labor
Machinery
Ilecharrs
Biological inputs
L;rnd
Food (agricultural product)'Iotal arable land in countll

Nurnber of {arms
Rate of interest
Labor machinels price ratio
Machine-land ratio (constant)

L (=l)
K
M
B
A
Y
Ao

I
m

u
u
Qm

7)

p
P

r
tn

Elasticities

f)emand for food
Substitution in production between land and

biological inputs
Substitution berrveen capital and labor

n

(f

B

Functions

Mechanical subprocess
Biological subprocess
Marginal products in the mechanical and

biological subprocesses qi = K. L: j = ,1, B)

-f^()f'( )

.f^rfot
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available, and the actual size is determined by economic considera-
tions; manufacturers design and produce larger machines as the
demand arises.3In fact, large tractors were pulling multibottom plows
already at the beginning of rhe century (Drache iso+;, and rhe same
companies that produced the modest-sized lg-50 hp farm tractors
had, already in the 1930s, produced much largei earth-moving
equipment.

Assume that only one agricultural output, food, is produced. It is
produced in a two-level production function lSato fs6z; with tw'
subprocesses. [n the meehanical subprocess f^, labor, L (:l), and
capital (machines), .rK, are combined to create units of mechanical
services-call these units mechans, M. rn the biological subprocess/6,
land, A, is combined with biological inputs, B, such as seeds, fertilizers,
and chemicals. Per farm output of food, y, is given by

Y:-flf*(K,L),fb@,8)1. (l)
It will be useful to view production as if occurring in two successive
stages and to rewrire (l) as Y : .f{frtA$,f*(K,L)l}.It will also be
convenient ro view land as combined with mechans in the first stage
and to further rewrite the production function as

Y : H(AB\, ( l')
in which I is taken as "augmented" with mechanical services. Me-
chanical services, produced in the first stage, are combined in the
second with land and biological inputs to produce food.

It is assumed that the production subprocesses are "well behaved"
and exhibit constant returns to scale and that the mechans-to-land
ratio is a constanr, m. a rhis ratio does not change with the level of the
biological inputs or with crop yields; that is, it takes rhe same amount
of mechanical services to spread a small or a large amount of fertiliz-
ers or to harvesr a field with a high or a low yield. with a constant
mechans-to-land ratio the size of the farm is determined by the
number of mechans produced:

A = Mlm. (2)

Farmers consider the urban wage, u. as the opportunitv cost of
their own labor. Given zu and the cost of machine services. u. the
number of mechans produced is determined in the "mechanical ser-

3 'I'his is one aspect o-f induced.innovation (Hayami and Ruttan I gZ I ). It is interesting
ao note that the firsr four-wheel-drive tractors were assemblerl bv farmers (see, e.g..
wennblorn a.d wormlev t 96{1, p. 55). This suggesn that farm size determines machine
size rather than the other nav lround.

a l-inear honrogeneitv of the mecha.ical subprocess is not essential; a homothedc
production prffress will vield identical anahtic iesults.
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Frc. l.-The mechanical subprocess of production and the determination of farm
size.

vice department" of the farm by employing the optimal amount of
capital for the price ratio a: ulu.In figure I' quadrantl, a family
farm (L : l) facing the price rat-io @1 is operated at Qr producingM,
units of mechans. The rnechans per unit of labor production function
is depicted in quadrant 11. llechans are then combined with land in
fixed proportions as shown in quadrant III . Farm size, the land-labor
ratio, is deterrnined in quadrant 12.5

Biological inputs, bv the assumption of homogeneitv. are applied
up to equality of input price, u, and the value of the nrarginal product.
Per acre application of biological inputs is invariant to f:rrnr size alrd
hence to machine use.

Factor Pricing

The rental value of land is treated separatelr' :.rt the industrv attd at

the f'arm levels. From the sectoral point of vierv. the return per acre in
agriculture, p, is the residual

p : (PY - uK - u, - vB)lA. (3)

5 We are indebted to Johrr l'ei tirr strggesting the fbur-quadrant configuration.
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The price of an acre is p/r, where r is the rate of interest. For the
individual farmer, on the other hand, the capitar value of his asset-
Iand (assume, for simplicity, that machine, ure rented)_is given.
Denote the value of land as lZ,

(4)*:n+.
A farmer must earn rW per period on his land. Let q. be the value
(shadow price) of a mechan. By the assumption of lineai-homogeneity
and Euler's theorem,

Rewriting, we get

PY : rW + uB + qrrrtyl .

Q^: (PY - rW - uB)lmA.

(5)

(6)

The..value g. is the price that the "biological production department"
is willing to pay to the "mechanical depirtmint" of the farm for one
mechan-one unit of mechanical services.

The optimal level of machine services employed on the farm main-
tains the equality of the value of the marginai product to price:

SJnr: u. (7)

- Up 
-19 

this point the discussion proceeded under the assumption
that all land is cultivated and rent is positive. Another situation, the
zero-rent case, can occur. Depending on the level of demand for food,
factor.costs, and productivity, the cost of production may be higher
than the food price yF" dlagriculturar iand is curtivated. rquitiu-
rium in such a case will be achieved with some land uncultiurt"d. Th.
equilibrium number of farms wil be that number that win fix suppry,
and hence food price, at a level that will set p in equation 13; equal to
zero. Farm size, however, is unaffected by the rentar ,arr". oi land
because rent is the residual earning in agriculture. In equation (b) p,
and' rw move rogether and g, islnva.Iant to their aciual rever. In
livestock production, equilibrium is characterized by zero rent, excepr
in a growing indusrry_when the rate of growth is ionstrained by the
existing breeding stock.

Changes in Prices and Technology6

An increase in nonfarm w-ages will increase the opportunity cost of
labor in agriculrure, raise thi ratio of wag., to mu.iiirre cost, increase
the capital-labor rario, and, with a constint labor per farm, increase

6 This section is summarized in table 2.
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farm size. In figure l, a change from <,rr to r,l2 causes the optimal
output of mechans to change from M, to rl{2 and farm size to grow
fromArLoA". The increased cost of labor reduces the residual land
rent, and farmers suffer a capital loss. In the land market supply
expands and prices are lowered as the farmers who leave to accept
higher urban income sell their land to those u,ho remain and expand.
Per acre employment of biological inputs is not :rffec'ted bv farm size,

and therefore, as long as all lancl is cultivated, lbod supplv and its
price are unchanged. Urban rvages can increase to the level that \\'ill
reduce rent to zero. Total cultil'ated acreage and foocl supply will
then decline until the price of food increases to the point where
equilibrium is achieved at zero rent.

A reduction in the cost of machine service rvill havc an identical
effect on farm size as an equiproportional increase in lab<tr cost. Rent
will, however, increase and land prices ivill go up. (Perhaps in this case

older farmers take capital gains to facilitate retirement, while the
young exit lvhen nonfarnr lvages incrcase.)

A reduction in the price of the biolosical inputs rvill intensif;- their
employment, increase vields, and expand food supplr . Because of the
assumption of a fixed mechans-to-lancl ratio. such a reduction rvill not
affect farm size and the capital-labor ratio. Increaseci lt-*e of bitllogical
inputs will augrnent the marginal procluct of land. artcl lhe erpanded
food supplv lvili lol'er food prices. J'he net elfect on r-ental values
depends on the relative rnagnitudes of elasticitv of demand for food
and tl-re elasticitv of substitution befiveetr ,'1 ancl B in ploduction.T

In the long run. a change in the dentand for fooc'l rlill not affect
farm size. As long as the zero-rerlt case prevails and tr,rt all land is

cultivated, food supply is infinitelv elastic artd chan.{es iii clemand are
accommodated b,v corresponding changes in the nurnbei of farrns. If
ali land is cultivated, changes in food pr-ice u'ill affect tl.r.- ,.:rnPlovnlent
of biological inputs. But the machine-labor ratio artd lrrrm size are
independent of food prices.

A neutral technological improvement in the prociuction of nte-

chanical services,/r( ) irr equation (l), u'ill increase farrtr size irithout
changing the machine-to-labor ratio. In figure l. if the i:;o-plocluct '\I 

'
becomes M, and f ,,,(K,l) shifts ounvard cortcsponclinslr. llrrrt size

rvill change from ,{ 1 to .4, but capital rvill renririn h,. I',i:ised techno-

? Define o as the elasticitv of substitution bet* eett .J .urcl B in 111 ) ()1'eq. ( I'). 4 as the
absolute value of the eiasticitv of dernand for tixtrl. ettti.\'n = r8.rPl'as the share of
biological inpurs in total output. Then tht rlnstrtitr ot tL:nrancl tirr land with respcct ttr
biolo[ica] input prices is e ,,,1 = S61o - 4t. .\ctottlitrgir. tlre dctnirnd for land and land
prices will increase in response to ;i tleciitrc itl i' ri ,r ". r7 .tttd clecline if o > 4 (Ferguson
1975, pp. 235-39).



58ti .JouRNAL oF pot-rrrcAt- ECoNoNry

logical change rvill. however, modify both farm size and the capitar-
labor ratio.E

A technological improvement in the biological subprocess,[( ) will
increase v'ields, expand food supply, and reduce its price. Employ-
nrent of biological inputs and renr values will increase if the demand
for fbod is elastic and decrease otherwise.e

Other Issues

Econonties of Scale

Growth in farm size is explained in the model presented without
ref-erence to the catchall "economies of scale." As u,e read the recorcl,
such economies are also not generallv supported by the empirical
findings. True. some of the ordinary least-squares estimates of
Cobb-Douglas production functions have vielded high scale
coefEcients. Griliches (1964). for example, reported sums of elas-
ticities for an aggregare, stare-level production function in the range
of 1.2-1.3. Hor'ever, other, particuiarlv farm-level, estimates indi-
cated decreasing returns (Kislev 1966; Hoch lgTO). Moreover, OLS
estimates have been criticized as being biased upward due to the
onrission of a management facror which is positivelv correlated with
size of operation (Mundlak l96l). Indeed, covariance analysis, with a
firrn effect accounting for management, vields, in most cases, de-
creasing returns even in samples in rvhich oLS estimates indicate
strong economies of scale (Hoch 1976).

Structure

The U.S- fa'm sector owes its srrucrure. wirh the familv farm at its
center, to the historical patterns of settlement and homesteading. Its
stabilitv is fostere<l bv economic forces rvhose operarion can be illus-
tlated rvith a ferv episodes of large-scale farmine in the N{idwest. For
ex:rnrple, in the last rhird of the nineteenth centurv some of the
Bonarza Farrns of the Red Rir.,er Vallev cultivated more than 20,000
(one even 55,000) acres (Briggs 1932; Drache l964), and similar sizes
rvere also reported for lllinois and lowa (Gates lg32). These huge
enterprises that depended on a large hired latror force and substantial

I Too ,fien- when input qualitv and prices are not accuratelv measured, improve-
nrents in the farm-suppll industries are attribured to technological change in ugricul-
turc. r^'e (()nlnt(nr on a special tasr elserrhere lKislev.rnd Pererson Ill8l)and"tn.to
avoid this pitfall in the empiricai secdons below.

. 
e L-qt A re_Preserrt a neutral rechnological coefficient in the biological subprocess such

thatY: XH(AJl). -Iher-eforerhe'alueof theraarginalproducr-of aninpurchanges
with technologv:rccording ro (AIAA)(PI}I,1 = PH;[i - {ira.;1, i = A,B.
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investment in power and equipment ceased to operate and were sold,
subdivided into family units, ar the beginning of the nventierh cen-
tury.

The dominance of the famih' unit in agriculture and of the large
corporation in the nonfarm sector testifies to the lack of significant
economies of scale in most farming operations and to their existence
in other industries. Owners of large amounrs of u'ealth therefore
invested their capital in the nonfarm sector. Where large farm enter-
prises ran into scale diseconomies thel' were subdivided into familv
units. The American familv farm was preserved bv ample nonfarm
investment opportunities. In the less developed countries, on the
other hand, where investment opportunities outside agriculture are
less attractive, the rich have to accumulate their capital in land even if
large holdings are comparatively inefficient (Berry and Cline 1979).
This suggests a hypothesis on the connection between agrarian
structure and urban development. The empirical rest of such a hy-
pothesis is, of course, outside the scope of the presenr srudy.

Empirical Evidcncc

Salient Fealurcs

I'he major magnitudes associated with farm growth are prelenrd in
table 3. The empirical analysis of farm size reported below is limited
to the l93O-70 period. Long-run adjustments to the large price
changes of the mid-l970s have yet to run rheir course, but data for
1976 are included in the table to provide an indication of more recent
trends. The salient fearures to note in table 3 are (l) the substanrial
grou'th in farm size as indicated by the more rhan doubling of acres
per farm, (2) the relative constancv of (qualitv-adjusted) family and
hired labor per farm, (3) the large growth of power and machinery,
and (4) the increase in the price of labor relative to machinery.
Sources and definitions of dara are detailed in Appendix B.

Because of the difficuley of measuring quality changes in machin-
ery, several measures of machine inputs. prices. and costs are pre-
sented. Qualitv-colrected prices of productive assets are particularly
difficult to measure. A limited number of markets for machine ser-
vices exist in agriculture, however. The custom rates in table 3 are
indices of prices charged for conrtrine harvesting of wheat. Their time
pattern reflects rhe multitude of factors that affect cost of machinery
services on the farm: design, energ!' and labnrr efficiency (note rhe
parallel reduction in the price of t-uel), durability, ease of handling,
taxes, and others. Over the period covered in the table, technicat
improvements in combine harvesting were rxrt in anv significant way
different fi'onr the improtemenrs realized in other farm machinery.
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We accept, therefore, changes in custom rates as indicators of the
general pattern of the real cost of farm machinery services at large.

The official usDA price index has been criticized lor negrecring to
take quality into account (Griliches 1960; Fettig l963), andis a resulr
of this neglect the actual quantity of power and rnachinery is likely to
have grown more rapidlv than the official usDA index indicates.
Also, the rapid write-off of machinerv bv farmers makes it appear
that the stock of machinery is smaller ihan it reallv is. our calculated
indices of machine stocks which were built up fiom data on value of
shipments, using alternatively l5-vear one-hoss-shal' and constant l0
percent depreciation assumptions, allow for longer-life machines.
consequently they show a substantiallv larger increase i' machinery
stocks than the USDA index.

Elasticity of Substitution

The elasticitv of substitution. B, between labor and capitar is estimated
in the demand for labor equation

): a + Buts* e, (8)

where y is value added per unit of labor, u,y is wage rate in agri_
culture, a the constant, and e the stochastic disturbance term. To
account for simultaneitv of product per worker and wages in ag-
riculture, the demand equatio. is identified and esrimared in.ith ,.ra.r-
ufacturing wages, zr,, as an instrumental variable iIV). The results of
these estimates are reporred in table 4 along with oLS estirnates of
equation (8). The estimares are cross-sectional fbr each of' the 6
census vears shown, using stares as the units of observation. To
account for differences in size of states, rveighted regressions are also
estim_ated. using number of farms in each srare as *.igirt.. In general
the IV estimares are higher than the oLS 6gures. ThJ a'erage of the
IV estimates in the weighted regressions is 1.7; this value irllso not
significantlv different from the inclividual esrimares, and we use it for
the value of B in the calculations ro follon-.

Other Estimates

Both Griliches (1964) and Binsrvangcr (1g74) reportecl elasticity esti-
mates that were close to l, substantially snraller than our findings. The
differences in the esrimares are probablr, clue to difiereices in
specification.l0 Lorv elasticity values are harcl to reconcile with histori-

r0 Griliches utilized oLS and grouped a number or srares into single observations.
Binswanger used a multifactor fornruladon bur clicr not atNust f6r input quality
changes.
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TABLE 4

El-rsrrcrrv or SussrrrurroN

UNwnrcnrro
Rrcnessrows

WrIcgruo
RrcnrssroNs

OLS oLs

19,19

I 954

I 959

I 964

1969

197 4

1.48
(i .7 t)
1.83

0 l.t6)
1.23

(6.12)
1. 13

(4.67)
t.07

(2.30)
1.35
2.e7)

1.81
(6.81)
l.96

(8.31)
1.65

(5.48)
1.48

(3.47)
1.78

( l.7l )
2.10

( r.63)

1.54
( l 1.00)

1.84
(13.53)

r.33
(7.73)
1.32

(6.35)
1.22

(2.90)
1.23

(2.96)

1.67
(8.03)
1.79

(9.52)
r.47

(5.72)
r.34

(3.82)
1.69

( r.e6)
2. l6

( l.6e)

)iorEs.-Thc estinrated equation is (8); -V obrruations = 48. Figures in parenrhers are r-rarios. The ,-values for
lV regresions arc' calculatcd according ro lladdaia ( I 976, p. 239). Weighring is bv rhe number of farms in each srate
l,,r eat'h rert. See Apprrrdix B for rletails ol daa <'orrsrrucrron.

cal developments. By our calculation, the ratio of wage to machine
costs increased 2.8 percent per year over the 40-year, 1930-70, pe-
riod while the ratio of machine to labor inputs increased over rhe
same period bv an annual rate of 4.8 percenr (table 5). These mag-
nitudes suggest either a long-run elasticitv of substitution which is
close to l 7 or substantial changes in demand for machines. Such
changes mav have come as a result of the introduction of seasonally
sensitive varieties, for example, but it is hard to see how varietal
replacement could have nearlv doubled the demand for machinen'
on filrms, a change required to explain the quoted quantitative rela-
tions.

Statistical Explanction of Crou,th

Given the stock of capital, farm size is determined by the quantitv of
mechanical services (mechans) produced. To gauge changes in this
variable we adopt the production function estimares of Griliches
(1964). In this study the most accurate estimates should be given bv
the IV regression with labor adjusted for qtrality. In this regression
the coefficients for labor and machinery- \^,ere.3ll ancl .250, respec-
tively. Assume that these values repr"esent the relative eiasticities of
labor and machines in the production of rnechans and that this sub-
process is subject to constarlt returns to scale. Then in a linear
homogeneous mechans production lunction the machine coefficienr

IVIV
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TABLE 5

Cnexces rx Pnrcss llo Ixpr-rs -rso
Expul.x.qrtoN or Flry SrzE

1930-50 1950-70 t930-70

A. Rate of ch:rnge
(% per year):
I. Wage to machine cost
2. Machine-labor ratio
3. Farm size (land)
4. Production of mechans

B. Share explained (%):
5. N{achine-labor ratio
6. Farm size

3.79
4.t3
1.57
1.84

l.B3
5.51
2.77
2.16

2.8 l
4.82
2.17
2. r5

99
99

56
89

156
117

Sounct.-Table 4.

NorE.-Line I : manufacruring wage and custom rate; line 2 : lamih and liired labor and machine one-iross-
shavst<rk; line,l =line2tirnes0.4.16(see text);line5 = (line I x l.7)/line 2; Iinc6 = line'l/lineil.

will be 0.250/(0.31 I + 0.250) : 0.446. Applying this figure to the
growth in power and machinery, we obtain an annual rate of growth
over the 1930-70 period of the production of mechanical services of
2.15 percent (table 5, line 4).

The average annual rate of change over the 40-year period
(1930-70) in the ratio of labor to rnachine cost rvas 2.81 percent, while
the capital-labor ratio gre\4' at the rate of 4.82 percent per annum.
Relative price changes therefore explain 99 percent of the 1930-70
change in the capital-labor ratio using our 1.7 substitution elasticity
(table 5, line 5). The "overexplanation" in the 1930-50 period (156
percent, line 5) mav be attributed to the unusual circumstances asso-
ciated with the Great Depression and thr-' \\rorlcl War II vears. The
1950-70 period can be looked upon as a time of "catching up" to the
adjustments that would have occurred in the precedine 2 decades
under more normal circumstances. (The same explanation holds tbr
the overexplanation of farm-size grorvth durins this periocl.)

Probably the most remzrrkable result of the study is that the noclel
explains almost exactlv the grorvth in farrm size over the 1930-70
period (table 5, line 6). As explained above, the producrior-r of
mechans grew at an annual rate of ?.i5 percent per vear over the
4O-vear period, while farm size grerv at essentiallv the same rate (2.17
percent). Therefore 99 percent of the growth in farm size as mea-
sured by acres per farm is explainecl hr tlre rrrodel.rr \Ioreover. the
explanation has relied entirelv orr relutive t'actot' price chanues rather

It Value added, an alternative llleJstltu. {l ('\\ .tt .l I]l()re rapid rate-3.7 percent
per !ear over the 1930-70 pcriod. The less-rhrttt-toltrplete erplanation in growth oi'
value added is likely due to omission ol rh:ttrges rn biological inputs.
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than catchall phrases such as "technological change" or "economies of
scale."

Remarks

The long-term upward trend in the opportunity cost of farm labor
relative to machine costs was reversed in the 1970-76 period (table 3).
According to th€ theory developed in this paper, if the reversal of this
trend persists farm size should stabilize and perhaps even decline. It is
noteworthy that the 1978 Agricultural Ceruus rePorts a slight decline in
acres per farm between 1974 and 1978.

A schematic analysis is necessarily simplified. Besides growth in size,

farm structure was affected by modern economic development in
many ways-part-time farming opportunities increased, product
composition was modified as specialization deepened, the household
economy changed as farm wives increasingly joined the nonfarm
labor force, and land ownership patterns were modified as heirs who
moved to town retained titles to family land. Another factor which we

did not include in the analysis is the recent inflation which, as it
accelerated, contributed substantially to capital gains of landowners.
To accommodate the inflationary phenomenon and its possible ef-
fects on farm size, our comparative-static framework would have to be

modified to cover dynamic and expectation considerations. This, as

well as other structural issues in agriculture that were not discussed

here, will have to wait for other occasions.

Appendix A

Algebraic Formulation

Variables are defined as in the text (table l). The formulation is for the
industry-level analysis with prices assumed given. The farmlevel formulation
is a straightforward extension:

Maximize II in fI = PNY - uN - uNK - uNB, subject to (Lagrange
multipliers in parentheses) M = f^(K,l), (ttr),A : Mlm, (r1),Y = fi(Ah), Q:,:),
.V,4 < .40, (ztq).

The usual marginal optimaiity ProPerties are obtained by rewriting the
Kuhn-Tucker .onilitiorr-derived from the Lagrangian of the maximization
problem. Two interesting results follow.

l. Rent (the shadow piice a) is derived in three different ways: (a) Rent is

the marginal product o? the biological process minus the cost of meehanical
serviees,"4, =-PJao - lmulf *i.(b) Renris the residual income (eq' [3] in the
rext), 4, : eY"- w - uK - fi)lA. (r) rln > 0 if and only if Nl :,4o, that is, if
all land is cultivated. Otherwise, ?r : 0.

2. Write r4la, : p. The shadow price of machinery service, r;1, can be ex'
pressed from the kuhn-Tucker conditions as the net contribution of the land
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with which the mechanical services are associated,4r : (N/rz)(Pfo.t - o).By
further substitutions, optimal use of machinerv and biological inputs is given
by u : lf,orlm)(Pfo; - p),u : Pfw.

' 
By Euier's theorem. sinceli( ) is linear hontogeneous, PI_ - BPf ra -.;4Pf o,

: 0. Substituting the last nrio optimalitv conditions, PY - uB - ,4f(umlf ,,,x) +

pl : 0. Rewritin[, u : f ,,x(PY ] t,B - ,1p)lrnA. and substituting equation (7) in
ih" t.*t and l -= rll'-, Q^: (PY - tu, - uB)lrnA, which is equation 16) in the

text.

Appendix B

Data Sources and Definitions

Unless otherwise specified, all re{'erences are published bv the Governtnent
Printing Office in Washington.

Land arta,: Acres per farm from Agricultural Statistics.

Value adeled: Gross farm income minus expenditures on feed, livestock, seed.

{'ertilizer, antl miscellaneous items dividecl bv number ol farms. The tinre-

series clata for table 3 are from Farm lncome Situation (1930 a1d 1950) arrd

Fatm Incttme, State Estituttes t1970 and 1976); the cross-section data for the

regressions shon'n in table 4 are from theCe'nsu.s oJ'-{gricuLture. l949 through
1974.

Labor: Includes family rvorkers and hired workers as defined in,lg'icultural
Statistics fbr the time-series data in tabte 3. For the cross-section d:rta uscd in
the regressigns, labor is vears of farm-operator labor minus dals per year ol'
off-fain work plus labor ,vears of hired labor. The cross-section data on hired
labor and number of farms are from the Cerzsa.s of Ag'iculture. Both the

time-series and cross-section labor variables are adjusted for tlualitl bv the
same procedure used by Griliches (1963).

Power arul machinery: 'fhe USDA index is from ,4gricultu,ral Statistics. The
15-vear one-hoss-shay index is computed by curnulating the..value of ship-

ments of machinerv to farmers over ihe 15-vear periorl preceriing the.l elr itr
question; the 10 Percent depreciation figure is derived b1'clepreciating th:
rialue of shipments of machinert'by 10 percer)t per vear starting in l9l0 and

cumulating the figures foru.ard ro the vear in question. All frgures are de-

flated br.rhe CpI.l969 : 100. befbre compuring the depreciated values. The
1930 and 1950 figures also includecl the value of horses:.trtd mules on lhrtns at

those points in time. All data are frttm,lg'ic.u.Llura.i Slrilrlrir'.r, resPective years.

"*."pi 1914 and l9l9 values of farrn nrachinerv shiprnents lrottt Skttistiral

.-lr'1ra.r. Ill26.

Wage rates: -I'he time-series ancl cross-sectiott frg.ures on average gr()ss

,u"Jkl-u earnings in manu{acturing are frorn Srall.rrjcn Llbstract. corresPoncling

ve:rrs. The time-series figures ori agricultur-:rl wages are frorn Ag'icultural
Statistics. The cross-section rvage rates art ft<tnt Farm La6or, corresponding
vears (the per hour series without roonl and boarcl). Both the cross-sectigIt

and time-series wage rates are adju,rted ltrr cducational dif'f'erences (except
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\\'hc-n agricultulal rvages are divided into expenditures on hired labor to
detennine labor vears). As mentioned. the labor vears are adjusted separatelv'

,\Iachirten pries: The time series, USDA. and fuel-prices data are fronl
lgritultural Stati-stic.s, respective years, and the BLS data are fromWhoLc.sale
Pi'ire.t and Price Indexes, respective vears. Custom rates for 1930 and 1950
rould not be found. The closest vears we could find rr'ere 1926 and 1953,
respectivelr'. The 1926 figure is from L. .\. Revnoldson et ai., "The Combined
I{aivester-Thresher in the Great Plains." USDA Technical Bulletin, no. 70

r Februarv 1928t. p. 35. A range of custom rates from $2.50 to $4.00 per acre
r, as given. "fhe highest rates were obtained in districts rvhere the combine was

relarivelv new. In order to avoid this "introduction effect"' we utilized the
52.5t) figure. fhe 1953 rate ($3.00 per acre in current vear prices) is frorn
H.J. Friesen et aI., "1952-53 Custom Rates for Farm Operation in Central
Kansas." Kansas Agricultural Economic Report, no.59 (1953)' p. 14. The
1970 end 1976 ratei ($3.76 and $8.66 per acre. resPectiveh') are from Phillip
L. I)octor and \\'illianr H. Kastens. "Kansas Custom Rates, 1978," Kansas Crop
and L.ivestock Reporting Service. p. 4. In deflating the 1926 and 1953 rates,

the (lPI for these vears were r-rsed rather than for 1930 and 1950' In calculat-
ing- the annual percent changes (tabte 5). rve used the real custonl rates lbr
1926 and 1953 as proxies for the 1930 and 1950 6gures. resPectivell.
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Economies of Scale in Agriculture:
A Reeramination of the Eaidence

Yoev Krsrpv eNo Wrrus PnrpnsoN

Prevented from conducting controlled experiments, the data economists
work with are far from ideal. Measurement errors abound, important vari-
ables are unobserved, not all simultaneiry can be accounted for, and we
often use state, regional, or national aggregates to estimate structural pa-
rameters relating to individual firms or households. As a result, every mea-
surement and estimated parameter can be questioned. Confidence is
gained when quantitative results can be corroborated by observations on
independent sets of data and, particularly, by analyses of different aspects

of tlle same problem. With these observations in mind, we reexamine in
this paper t1le evidence for economies of scale in U.S. agriculture.

Average farm size has grown markedly in the U.S. Between 1929 and
1987, output per farm increased more than six times, and land per farm
expanded almost threefold (table 1). This long-term grovth of farm size
has led people to believe that large farms are more efficient than small
ones. As a result there appears to be widespread concern that family farms
are an endangered species, eventually to be replaced by large corporate
enterprises. This implies a belief that there are economies of scale in U.S.
agriculture. This belief is critically examined in the paper.

For most of us, "economies of scale in agriculture" mean (1) that the pro-
duction function for the typical firm in the industry is characterized by in-
creasing returns to scale, and (2) that small farms are less efficient than larger
ones. We start with the first meaning of the scale economies and comment
on issues associated with size distribution at the end of the section.

We consider four dimensions of the problem: sources of scale econo-
mies, measurement of the phenomenon, the implied consequences and ex-

Comments and suggestions on previous drafts of the paper fromJohn Antle, Bruce Gard-
ner, and Vasant Sukhatme are gratefully acknowledged. Errors of fact or logic are our own.
The first draft of the paper was written when Yoav Kislev was with the World Bank Re-
search Department.
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Gross output
Value added

Land
Family labor
Hired lahor
Part-time farming
Machinery
Land prices
Land rent
Diesel fuel
Custom rate
Manufacturing
wages

Wage rental

($1ooo)
($looo)
(acres)

(labor-years t

(labor-years )

(percent)
($1ooo)
($ per acre ,

($ per acre,
($ per gallor:
($ per acre

($ per u'eek
(index)

Nore; All dollar values in constmr - :: -

of data and sources.

planation offarm size sr.
sis can be questioned on :

it is not, in general. con.;=
haps make it clear at rhe ,,

We do not believe. tbr =.r
at the same average cos:
propose is that agriculr::,
furns at the prevailine .:. ,

Sources

It is a simple truism thar :

tion will also exacdv dc,ui
the returns to multipi:c
changes in scale are ch.::
assets and in factor florr'.
often also managemenr ::
example, it takes less th;.::
a 640-acre farm as it d,,,;
increasing managemenr
Scale economies in an n:

Economies of scale ur .

of assets. Hayami and R'::
from the lumpiness or i:::
to find long-run indirrsr:
run concept, and in rhe lc



'pue1 '.{raurqcru Jo suoEnqrJtsrp azrs eql uu 3uo1 eql ur pue 'tdacuoc uru
-8uoy r sr elBos ot surnta5 'urJBJ eqt uo sanrlrqrshrpur unr-8uol pug or
prEI{ sI rr rng '(991 'd) *pydrc pexgJo lrlllqrsr.trpur ro ssaurdurnl er1r tuo{
ruars dlpnsn se[uouoJe elrcs erfl,, ]?rl1 ]Jasst ueltng pur nue,,{u11 'stessr Jo
&qrqlsrarpur ot patnqrJrlr ueeq o^Er{ arnllncrr8u ur eIBJS Jo saruouocg

'slcege oserp Jo Irtol runs eW rJeger fusnpur uB ur seruouoJe oIEJS
'spuedxe aIBJS sB dcuarcg;a acnpal serllnJggrp tuerue8eueur Sursearcur

'putq .reqto eqt uO 'uour.redo ene-1zf B JoJ seop tr sB rureJ e;r,a-Obg v
punore eJueJ E plrnq o] IBrJetEru qcmu sE aJr^\t uurp ssel se et tr 'aldurrxe
Jod 'PaxIIu eJ8 s]cej$3 aIBJS uaql 'eruEs 3rp ,(rls tuaruaSeuBru oslE ueTo
pur 'drqsrnauerderlue 'lueruuoJr.,r.ue et1r alrrl,{4. 's^.og Jo}JEJ ur puu slesst
uotlcnpord jo suorsueurp pcrslqd ar1r q se8urqc ere elers ul se8uuqc
taqreg 'uoncnpo.rd ;o lcadse Lreae ;o uonecqdnpu ot surnlar arfJ

ur pelserelur lou eru e,tt ]nB '(7961 uearyarrg) alqnop .4pcexa oslr IIr,r\ uon
-cnpord 'o,rt dq paqdrrpru ,{pcrxa sr plro,&r eqr Jr tuqt rusrrut aldrurs e u t1

saJJnos

'uorrjasse srql slretap radrd aqa'uounqrrsrp ezrs Surlru,rerd eqt le suru
-er Sursearcur dq pezrrare.reqc.{lpcrdlr tou sr erntlncu8e lrql sr esodord
op e.{\ tgrl,!\ 'uongrado .tloc-parprmq o,$l B sE lsoJ e8uraae arues e{t }E

secnpord 
^r.or 

euo r.ftr.& ruJEJ lsrcp v tcrp 'eldruexa rog 'aaeryeq lou op e1\
'sJeDEru Jelou ezrs luqt >lurrp ]ou op e,& rrqt teslno erp tE Jealc rr a>1eru sdrq
-:ad ppoqs e.{\ lng 'ecueprle IE)rJotsr{ {}rrh luelsrsuoc '1e;eua8 ur 'tou sl lr
]E{r pur'sprmor5 IEJnsnBts pur pntdacuoc rpoq uo pauonsanb eq urc srs

-arpod.{q serrrouoJe elers eq} reqr en5re all'rp,ttorS azrs ruJBJJo uor}rue1d

'saJJnos Pur E]EP Jo
uonducsaprojnpuaddraas xepqacrrdreunsuoSaqr.{qperegep'sarr:d1961 tuelsuoJursenlt^JBIIopIJV..aoN

LS

LS7

ZS'II 9S'II 16'f-I
ss'O s9'0 1L'0

I8 nS

nzs s9f_ tsT
z't_f. r'97 s'II
0f 0t {-z

t'0 s'0 t'0
I'I i'I Z'I
68€ €0i 9rz

z'rt [bz n'07
I'ZS Z'Lf Z'LZ

0i (xapur)

S9l (1aam rad g)

Zyq (erce rad g)
(uo11e5 rad g)

(e:ce rad g)

6It (e:ce:ad g)

rs (ooorS)

U (ruacrad)

,'0 (srea-{-.roqe1)

Z'l (srea.{-.roqe1)

LSI (ser)E)

z'B (ooorS)

ru (ooors)

letuar a8e11

saBu,tr

Surrnlre;nuery
al?J ruolsn)

IanJ Iasarc
lual Pue'I

secr.rd puel
&aurqrelg

Suru:e; auD-trBd
roqBl parrH

:oqey.(pueg

PUB'I

PoPPB anle^
1nd1no ssorg

-au ]ueg Plror!\ erP i;i.!' :::1
'u-{ro rno ale ;r€o1 to I: i: : '-
-prec rrrug'rnuH trr.{,'l'- - -

-xe PuE SaJuenbesuol ::.
-ouoJ3 eleJs JO S3f,lIr.t-':

'uotlJ3s eLF-lo : --
luetuluoc PUB SaIUOU( -:
IJBTEI uBql luelJ$]r i:: i-
-ur Iq pezuelle:eqr st r -
-ord eqr lEIp (I) ueeru ..:-

'radEi : -'
'S'n q elBrsJo saltu( * -

atBrodroJ a3-re1 iq P::,-
sur.ru; lilure3 lELfl tl.l:: -
fiEr.us uBtp ]ualJq]!- :: .

ezrs IUJEJ Jo tpi\oJ.E ':jj:
r.uJEJ Jad puE[ puB ':;*:
pup 6z6l uee./hla8 s _l

'eJnllnJIJ;E ( ,-
ur eutulBx3eJ 3.11 'PUr- -

slJadsB lueJeJJrP Jo ::r'-'
uo suoIlEAJaSqo -iq p=:,-
sr sJuePguoJ 'pau, :-;:
-Earu &e^e 'llnsar e 1 .

-ed lu.rnrrn-rrs JlEtrl l1:i
e,{\ PUE 'ro; pelunor-': =

-uEA luElJOdUl 'PunL J:
slsltuouoJe EIBP aql i-

-\c !:

aJu)Lti.

:aJtlllt1)

00I
90b

NL T8 L9 
'OI 

8L

88€ LZt Ljn f-6t- Wt

tb'(.r 7r'91
IL'O IT'I

85 IOI
ZLN SE6

Z'LL N'8
si*

9'0 L'0
6'0 0'I
rgn wt

L',9f_ L'6t
S'IL I'TL

9L',Sr i9'81
08'0 i8'0

sTr 9nt
618 0S9

t'gs 6'6{-

zn 9t
s'0 i'0
0'I 0'i
6W 0W

6'Sn 9'Ln
t'I8 9',81

L86t Z861 8L6r tl6t696t 6561 6n6r 676t

LSI

sacrrd pue'slndur'lndlno urleJ-lad I'0I elqel

a.rntlncr-r8y ur elBcs Jo soruouorg

im.....*".,i



Yoaa Kislea and Willis Peterson

structures, irrigation systems, herds, and flocks are continuous, not
"lumpy." tactors and their implements come in a variety of sizes, from
the 8-horsepower hand-driven garden ty?es to the 350-horsepower four-
wheel drive behemoths. Other machines also come in a variety of sizes. In
the few cases where large machines are the most efficient, such as combine
harvesters and cotton pickers, rental markets develop.

The human agent may be the most "lumpy" input. But in this case the op-
tion of part-time farming on the one hand, and a large operation with hired
labor on the other, makes itpossible to scale the size of the farm and the labor
of the family to the available managerial ability. We consider part-time farm-
ing below. At this point we come to the conclusion that among the conven-
tional inputs of land, laboq and capital, long-run indivisibilities should not
be given serious consideration as a source ofeconomies ofscale.

In spite of the apparent lack of indivisibilities, suppose for the sake of
argument that the typical farm's long-nm average total cost curve is IJ-
shaped. fu the industry adjusts toward the least cost point, scale economies
should be gradually eliminated. At the minimum point, returns to scale are

constant. In otier words, returns to scale are a temporary phenomenon
(Griliches 1963 , p. 232). Tal<tng the sum of the coefficients from a Cobb-
Douglas production function as a measure of scale economies, the value
should converge to one. Yet, as will be shown in the following section, this
has not occurred.

Another possibility is that economies of scale are created by reduced
uncertainty due to government intervention in agriculture (Madden and
Partenheimer 1972, p. 103). However, government has been intervening
since the 1930s. Adjustment should have been completed by now.

In a dlmamic version of the U-shaped cost curve it is hypothesized that
technological progress results in the production of new and larger ma-
chines that are more ef6cient than the older and smaller ones. Perhaps this
is what Bieri, deJanvry, and Schmitz (1972) had in mind when they wrote
that "the rate of increase in farm size in the future will be determined, to
a large extent, by the rate at which the machine companies manufacture
larger and larger equipment" (p. 802). But there is an identification prob-
lem here. Although the dynamic hlpothesis is consistent with the observa-
tion that farms and machines have grown in size, and that measured econo-
mies of scale have not declined, it is not consistent with the growth and
continued popularity of part-time farming. Nor is this hlpothesis consis-
tent with the observed cessation of the growth in farm size which occurred
from the mid-1970s to the early 1980s without a corresponding halt to the
progression of new technology, or the ability to produce still larger ma-
chines. Below we argue that the growth in optimum farm size induced
changes in size of machines, rather than the other way around.

We turn now to size disffibution. An "asset" that is clearly fixed on the
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160 Yoaa Kislea and Willis Peterson

According to the survival technique (Stigler 1958; Saving 1961), growth
of firms in an industry is an indication that large firms are more efficient
than small ones; that is, economies of scale exist. However, the application
of this method to agriculture is problematic. An implicit assumprion of t}re
method is that economic conditions have not changed. This is not true for
American agriculture. Also, in this sector the labor input per farm has not
grown (table 1). Thus the large increase in size cannot be the textbook case

ofincreasing returns to scale.

If both increasing returns and rising cost of labor prevail, farms may
grow in size while labor input is reduced (relatively or absolutely). But then
an identification problem arises: which was the factor causing growth? We
suggest below that changing relative cost of laboq not scale economies,
induced farm growth. Moreover, by the logic of the survival technique, the
existence of part-time farming, and particularly the fact that it increased
during the 1950s and 1960s, suggests the absence of economies of scale
in agriculture.

Syrrthetic firm studies are reviewed by Madden and Partenheimer. The
difficulry with these studies is that problems of management and coordina-
tion and differences in skills and abiliry of farmers cannot be appropriately
accounted for. These problems are considered the major sources of dis-
economies of scale. Unless they can be taken account of, the measurement
of scale economies by slmthetic cost studies is meaningless.

Summing the coefficients of Cobb-Douglas production functions is
probably the most common method of measuring scale economies in agri-
culture, although not the only metlod (see Kumbhakar, Biswas, and Bailey
1981; Hornbaker, Dixon, and Sonka 1989; Moschini 1990). To update the
results of previous studies we fitted an aggregate agricultural production
function to U.S. data for the census years 1978, 1982, and 1987. To ensure
comparability with the earlier studies we utilized as much as possible the
original Griliches (1964) specification and the Cobb-Douglas form. With
five inputs (fifteen variables) and only forty-eight observations, rhe out-
come of the more general translog form cannot be relied upon. The results
are presented in table 2.

A summary of the sum of coefficients for the census years 1949 to 1987
obtained from previous studies and from table 2 is shown in table 3. The
Davis study (1979) also followed the Griliches specification.

With the exception of 1964, the sum of coef6cients averaged in the
neighborhood of 1.3 from 1949 through 1974, with no discernible trend.
The 1978-82-87 sums are almosr identical to the earlier estimates. Thus
there is no evidence to suggest that the sum of coefificients is converging
to one. The remarkable thing about these results is that the sum of coeffi-
cients is relatively constant and larger than one during the entire 19+9_.87
period. This includes the time when farm size grew rapidly-1949-1974,

Ec
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Yoaa Kislezt and Willis Peterson

Y: F(X, M),

where I': output,
X : a vector of observable inputs, and
M : firm-specific factors, management, or other fixed factors.

In general M is unobserved and not measured. The estimated production
function is then,

Y: W). Q)

With the specification in equation (2), firms are on different functions-
each according to its Mvaltre.

Better environmental conditions, more productive soil, superior loca-
tion, as well as better management-are all reflected in higher (often un-
observed) firm-specific factors. Consequendy, complementarity prevails
between the firm-specific factors and other inputs. As a result, total inputs
(observed plus unobserved) will be underestimated on large farms relative
to small farms, biasing regression coefficients, and giving the appearance
that large farms are more efificient than small ones.

Given panel data and assuming that the farm-specific effects are con-
stant over the period of observation, the bias can be eliminated if, instead
of ordinary least squares (OLS) estimates of the pooled function, a covari-
ance analysis is employed; that is, if firm dummy variables are included in
the analysis. In covariance analysis the regression is estimated not from
the original observations, but from deviations from the firm means. If, as

assumed, M is constant, the deviations are all zeros and all firms are on
the same function. The estimated coefficients are then unbiased "within"
firm estimates.

Hoch (1962) summarized six previous studies that had reported both
OLS and analysis of covariance of farm level production functions. In all
six cases the sum of the coef6cients in the covariance analysis was less than
85 percent of the sum calculated from the OLS estimates, and in all cases

the sum was smaller than one. In his own analysis of dairy farms, reported
in the same paper, Hoch found that covariance analysis reduced the sum
of coef6cients to levels smaller than one for ten samples of farms produc-
ing milk for market. He found, however, increasing returns to scale (and
higher sums of coef6cients) for two samples of dairies producing for manu-
facturing. To our knowledge this is the only reported evidence of covari-
ance analysis increasing the sum of the coefficients, and the only case in
which increasing returns were found with covariance analysis.

When farm-level data are not used, agricultural production functions
are usually estimated for the average farm in a state, a region, or a country.
Random aggregation within regions cancels out farm-specific effects and
eliminates the associated specification biases. However, regions are also
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Yoao Kislea and Willis Peterson

ignorance. To see how ignorant, consider the following. Between 1929 and
1987 gross output per farm in the U.S. increased 6.4-fold (table 1). If in-
puts were all accounted for and perfecdy measured, and constant returns
to scale prevailed, inputs also would have increased 6.4 times and output
per unit of input would have remained constant. If, in fact, the agricultural
production function is homogeneous of degree 1.3, then the input growth
necessary to achieve a 6.4-fold growth in output would have been 4.2 in-
stead of 6.4 (4.2r t : 6.4). In other words, over one-third of the increase in
per-farm output would be left unexplained [(6.4 - 4.2)/6.4: 0.35]. fu a

degree of homogeneity, 1.3 is a very large number.
Economies of scale also affect the distribution of the returns to the fac-

tors of production. If, again, the production function is homogeneous of
degree 1.3, and inputs are paid the value of their marginal products
(\4WPs), the sum total of pa)..rnent to all factors will be $1.10 for each
dollar of output (Euler's theorem). If, howeveq land and management con-
strain the size of the farm, and all other factors are purchased freely on the
market (including own labor which can also be regarded as "purchased" in
a free market), then prices will equal V\tlPs for the purchased inputs-
land and management becoming the residual claimants. By the estimates
of table 2, in which management is not included, the production elasticity
of land (its factor share) is 0. 12. It follows that the purchased inputs receive
0.88 x $t.lO : $1.14 for each dollar of output. This leaves land with a

negative return. Of course, such an outcome is implausible. Land rents and
land prices have not been zero (table 1).

Dynamic consideration can, however, be used to explain positive land
values in the face of negative residual returns. If scale economies are
viewed as a temporary disequilibrium, then as farms grow to a size suffi-
ciendy large to capture all scale economies so that constant returns prevail,
the residual return to land will at this point become positive. Given a suf-
ficiently low rate of interest, the discounted present value of these positive
future returns also could be positive. Flowever, this argu.ment does not ex-
plain the positive land rents which prevailed throughout the period. Nor
does it explain the apparent inability of land buyers to revise their expecta-
tions after decades ofallegedly negative residual rerurns to land. Arealiza-
tion that increasing returns were not temporary should have led to a de-
crease in real land prices during the 1970s, but just the opposite occurred.
Changes in inflationary expectations, along with changes in real rates of
interest, appear to have had a larger impact on real land prices during the
1970s and 1980s than changes in expectations regarding the attainmentof
a constant returns-to-scale equilibrium. A likely reason is that land buyers
and sellers did not perceive a disequilibrium. Nor is there any evidence in
the land market literature of the existence of such a disequilibrium.
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stopped. Average farm size remained relatively constant over the next ten
years. During the mid 1980s the wage-rental rario resumed its upward
trend. The latest figures show a resumption of the grovth in farm size
during this time.

In general, the wage-rental ratio provides a better explanation for
changes in farm size, and a better predictor ofthese changes, than the sum
of coef6cients, which exhibited no decline toward unity when farm size
growth ceased.

Because farms are operated by a constant amount of quality adjusted
labor, much of the increased machinery input has taken ttre form of larger
machines, although new machines such as tomato and fruit harvesters and
cotton pickers, also have been developed. Technologically, large machines
could have been built a long time ago, and indeed, they were; take earth
moving equipment, for example. In fact, the first four-wheel-drive tractors
were assembled by farmers in the 1950s, so widespread and simple \ /as the
technology. Only afterwards did the machinery companies produce these
large tractors. Here, as in other cases, the companies reacted to economic
changes once they were reflected in demand. The decision of manufacturers
to build larger machines is not an exogenous factor determining farm size.

One might argue that the U.S. income tax law, which taxed the earnings
from capital at lower rates rian earnings from labor through investment
credits and accelerated depreciation, promoted the growth oflarge capital-
intensive farms. This may be true, although Batte and Sonka (1985) report
that increasing marginal income tax rates reduced the advantages of large-
scale farms. To the extent that the income tax law reduced the price of
capital relative to that of labor, it would, according to our farm size model,
have contributed to the increase in farm size. But unless the tax law contin-
ued to lower the price of capital, it would have resulted in a once and for
all change in equilibrium farm size, not a continued increase.

Farm mechanization can be viewed as a process of induced innovation.
Changing factor prices for agriculture, including the price of energy, in-
duced the machine companies to produce more efficient and larger ma-
chines. These changes also induced agricultural research to produce ap-
propriate biological and chemical technologies. Changes in factor prices
induced the suppliers offactors and technology to innovate. An alternative
view; that innovations occurred on the farm, which in turn increased the
demand for machinery even at higher real prices, cannot be supported by
any evidence that we know of (Kislev and Peterson 1981).

Concluding Remarks

We have conducted a multidimensional examination of the hypothesis that
agricultural production is characterizedby increasing rerurns to scale and
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averages for the census years 1940-80 were then utilized to construct a

labor quality index, 1980 : 100. The labor quality indexes for the other
four census years are as follows: 1940, 80; 1950,82; 1960,86; 1970,93.
The 1940 quality index is used to adjust the 1929 labor figure, while the
1970 index was used to adjust the 1969 and 1974 figures. The 1980 index
of 100 was applied to the 1978 and 1987 figures.

Hired labor: data source and quality adjustment procedure are the same

as for family labor.
Par-t-tirne farm.ing: proportion of farm operators working 100 days or

more off the farm as reported by the Census of Agricubure (1929, 1949,
19 59, 197 4, 197 8, 1987).

Macbi.nery: stock of machines on farms obtained by summing the value
of shipments over the preceding fifteen years, each year deflated by the
CPI. Data sources: Statistical Ab*ract (1928) and Agricuhural Statistics (re-
spective years).

Land. pri.ce: value of land per acre, excluding buildings, as reported by
U.S. Department of Agriculture, Economic Research Service, "Farm Real

Estate Historical Series Data," Statistical Bulletins 520 (1973) and 738

(1985), and Agricuhural Statistics (1988).
Land. rent: cash rent per acre of cropland, 1969-82, in the following

eight midwestern states: Michigan, Wisconsin, Minnesota, Ohio, Indiana,
Illinois, Iowa, and Missouri. Data source: USDA, ERS and ESCS, Farm
Real Estate Market Deuelopments (1972, 1977, 1981, 1985, 1989). Rental
data for these states are not available prior to 1967 . The 1959 figure was

estimated by the following procedure: Burt (1986) reports a rental figure
of $17 per acre for Illinois in 1959. His 1969 figure for Illinois is $30 per
acre. The corresponding figure of 1969 for the eight midwestern states is

$25 per acre, or 83 percent of the Illinois rent..W'e therefore estimated the
1959 rent for the eight states as 0.83 x $17 : $14 in current year prices,
or $54 in constant 1987 prices. Figures for 1987 are from USDA, ERS,
Agricultural Land Values and Markets Outlook and Situation Report Qune
r e88).

Dieselfuel: data source: Agricuhural Statistics (1953, 1963, 1973, 1977,
1981, 1988). Figure for 1949 is price ofdistillate.

Castom rate: charge per acre of custom harvesting of wheat in Kansas.

The 1929 figure is from Relmoldson et. al. (1928). The 1949 rate is from
Friesen, et al. (1953). The remaining custom rates are from an annual pub-
Iication, Kunsas Custoru. Rates (1970, 1975, 1980, 1989), published by the
Kansas Crop and Livestock Reporting Service.

Manufnmtring wa.ges: gross weekly earnings in manufacturing as re-
ported inthe Economic Report of the President (1969,1990).

Manufacturing wages divided by custom rate, expressed as an index,
1987 : 100.

Eco:

Description of Producr

AII variables are measur.,
Output: sales plus ra.

plus government progra.
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Intergenerational Succession in Israeli Family Farms: 1971-19881 
 

Ayal Kimhi, Yoav Kislev, and Shlomit Arbel 
 

 

Introduction 

 Intergenerational succession is an event of major importance in the life cycle of the family farm. 
The reasons are both emotional, as farm families attach a symbolic value to the land they operate (Carrol 
and Salamon 1988), and economic, as there are advantages to the continued operation of the farm 
business beyond the life cycle of the current owners (Friedberger 1983). The economic considerations 
favor succession by a child, since farm-specific human capital is a by-product of being raised on a 
particular farm (Rosenzweig and Wolpin 1985). Also, transferring the farm to one's children has tax 
advantages in certain economies (Boehlje and Eisgruber 1972). 
 Patterns of intra-family farm succession vary according to tradition, economic conditions, and 
the institutional setup (Gasson and Errington 1993, chapter 7). Often, the farm is not large enough to 
support more than one family, and hence succession by one child is favored. Even when equity and tax 
considerations provide a strong enough incentive to divide the farm among all heirs, the final 
consequence is often that one heir ends up buying the others' parts (Tauer 1985). In Israeli moshavim, 
the focus of our analysis, succession by one child only is implied by institutional regulations. Hence, 
throughout the discussion we will deal with the case of a single successor. 
 Ignoring the question of choice of successor (Kimhi 1995), we will concentrate on the time 
pattern of succession. Many different time patterns are observed in different countries (Blanc and 
Perrier-Cornet 1993). A major problem, especially in empirical studies of farm succession, is to 
distinguish between the legal transfer of property rights to the successor and the transfer of responsibility 
for the farm operation. Several empirical findings indicate that the latter is gradual (Coughenor and 
Kowalski 1977; Errington 1993/94), which makes sense from a human capital point of view. Estate tax 
considerations in the United States provide an incentive for gradual legal transfer as well (Stevens 1985), 
and gradual legal transfer is also observed in several European countries (Blanc and Perrier-Cornet 
1993). 
 The legal ownership transfer and the responsibility transfer will not occur at the same time even 
without tax considerations. This is because of uncertainty about future events which leads to conflicts 
between parents and succeeding children (Kimhi 1995). These conflicts lead to the desire of parents to 
transfer the farm as late as possible, while potential successors wish to gain legal ownership of the farm 
as early as possible. The outcome could be that a designated successor gives up and finds an alternative 
occupation, or that he limits his involvement in farm management and perhaps works part-time off the 

                                                       
1 Chapter 19 in Intergenerational Transfers of Farmers in Different Institutional Environments, BARD Project IS-
1845-90 Final Report by Yoav Kislev, Ayal Kimhi, and Ramon Lopez, 1995. 
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farm as an insurance mechanism. This is supported by the findings of Friedberger (1988, p. 82-83), that 
farms which were transferred to a successor inter vivos were most likely to be retained by the same 
family for more than one generation. 
 Most Israeli family farms belong to moshavim (semi-cooperative villages). The institutional 
structure of moshavim is consistent with a single successor inheritance pattern. On one hand, farm 
families lease their land from the national land authority on a long-term basis, and transfer of the lease 
is permitted only if approved by the cooperative's constitutional body. On the other hand, the 
cooperative will approve such a transfer only if made to a member, and membership regulations imply 
that only one of each member's children can be accepted as a member alongside his parents (Regev 
1994). The bottom line is that members have two choices: (a) choosing one of their children as a 
"succeeding child"; or (b) selling the farm including the family residence and moving out of the village 
(again, only if the buyer was approved by the cooperative). A third possibility, which is sometimes 
chosen by default, is not to choose a successor and let the children fight over the inheritance after their 
death. 
 Being approved by the cooperative as a "succeeding child" carries mainly two benefits: (a) 
membership in the cooperative; and (b) the right to build another house on the parents' plot. The value 
of the first benefit seems to decline over time while the value of the second seems to rise. In any case, 
succeeding children can get property rights only if these rights are no longer held by the parents. This 
could be either (a) if the parents give the rights inter vivos, or (b) after the parents' death, if specified in 
a will or court order. No formal partnership is allowed between parents and succeeding children (or 
anybody else), although courts tend to recognize informal partnerships when ruling in conflicts. 
Therefore, gradual transfer of property rights is not permitted. The transfer is delayed as a result of the 
parents' unwillingness to give up everything in favor of the child, and the responsibility transfer is also 
delayed as a result of the child's unwillingness to engage in an activity whose future is unclear. 
 One way that farm families used to avoid the inefficiencies implied by these institutional 
regulations was to purchase another farm for one (or more) of the children in the same moshav. This 
child could then start farming on his own or form a partnership with the parents' farm (a limited 
partnership between two different farm units is allowed in a moshav). The problem is that a child who 
has a farm of his own cannot be chosen as a succeeding child. Hence, if the parents want their farm to 
continue operating into the next generation, they have to choose another child as a succeeding child. 
This arrangement could work best in case an elder child is willing to succeed while the parents are still 
relatively young and in full shape, and there exist other (younger) potential successors). However, it can 
be carried out easily only when farm units in the moshav are relatively cheap to acquire. Today, it is 
only applicable in remote areas. 
 The question is how important are the adverse effects of these institutional regulations. If the 
advantage of intra-family succession is the functioning of the family farm as a "going concern," and if the 
institutional regulations delay the time of ownership transfer, then one could, in principle, calculate the 
loss of potential income due to the delay. However, in some farms, a delay of transfer may result in no 
succession at all, because the designated successor has already decided to seek an alternative income, 
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or because by the planned transfer time the farm is not attractive anymore. Hence, the cost of the strict 
succession regulations is even higher. 
 A major determinant of this cost is the effect on farm performance of a transfer from an old 
owner to a young successor. Empirical evidence suggests that profitability of small firms rises with the 
age of the operator, due to accumulation of physical and human capital, and eventually declines due to 
a shorter planning horizon, lack of incentives to invest, and health problems (Evans 1987). This 
argument can easily be extended to family farms. The results of Kimhi (1994) on the timing of farm 
transfer to a successor are also consistent with this stylized fact. However, if the operation of the farm is 
gradually transferred to the succeeding child regardless of the formal ownership, we will not expect 
actual ownership transfer to affect farm profitability. This is the major hypothesis that we intend to test 
in this paper. 
 Even if farm profitability has the concave age profile depicted above, it may not be independent 
of succession considerations. For example, lack of incentives to invest may be reduced by the 
expectation that a child will take over the farm in the future. Therefore, another thing we would like to 
test is whether the expectation of future intergenerational succession raises farm size, performance, and 
capital intensity in the present. Griliches and Regev (1993) found that a business firm that is about to 
close in the next ten years is 5%-10% less productive in the present, and denoted this effect as the 
"shadow of death." While this holds for family farms as well, we could argue that a similarly defined 
"shadow of succession" has the opposite effect. This is another hypothesis that we intend to test below. 
 The main objective of this paper is to examine the effects of succession considerations on family 
farm performance. In particular, we will concentrate on the actual ownership transfer and not on the 
transfer of responsibility. The latter will be dealt with in future research. For this purpose, we use a panel 
data set of family farms in moshavim, in which the identity of the farm owner is reported. Farms were 
surveyed at four different time periods between 1971 and 1988, and this, together with information on 
family members, enable us to identify farm ownership transfers with a great degree of reliability, and 
determine to whom the farm was transferred. 
 

Data 

 The panel data set use in this research was extracted from a much broader data base. The data 
base comprises three different data sets that were constructed on the basis of four different statistical 
operations: (1) the 1971 Census of Agriculture; (2) the 1975-76 survey of family farms; (3) the 1981 
Census of Agriculture; and (4) the 1988 survey of farms. 
 
Description of the statistical operations 

 The 1971 Census of Agriculture encompassed all the agricultural population in Israel. It 
included physical measures of land use by crop, numbers of livestock by type, and farm capital 
(machinery and equipment), as well as demographic information. No monetary variables were 
collected. Alternatively, a set of norms was constructed for production, value of production, percent of 
value added in the value of production, labor input, and water use. Norms were constructed for each 
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crop and type of livestock, by region. The norms for value of production, for example, were computed 
as the average yield per dunam (about a quarter of an acre) of land for each crop in each region, or as 
the average return to a unit of livestock sold in each region. The norms for value added and capital 
stock were calculated similarly. 
 The 1975-76 survey was conducted on a representative sample of 574 family farms in Israel. 
The sample was representative of the family-farm population in 1975 in terms of crop diversity, 
geographical location, and institutional affiliation. 510 of the sample farms belonged to moshavim. The 
survey included a very thorough economic investigation. Income and expenses were recorded for every 
crop and type of livestock by month, and these values were used eventually to derive several economic 
indicators on the farm level, such as profits and changes in debt. The survey was conducted over a two-
year period, so that each farm was surveyed twice. Due to the relatively high inflation at that time, all the 
values were transformed to fixed 1976 prices. 
 The 1981 Census of Agriculture is quite similar in nature to the 1971 Census. The definition 
of farm population was more flexible than in 1971, allowing families that live in agricultural villages to 
be included even if their agricultural activity was practically nonexistent. The demographic information 
collected in 1981 was more detailed that in 1971. Agricultural data was collected in physical units, and 
a set of norms was constructed in a fashion similar to that of 1971. 
 The purpose of the 1988 survey was to get back to the same 510 moshav farms surveyed in 
1975-76 and study the changes in farm structure since then. Only 435 responses were obtained. The 
questionnaire was based on the 1981 Census, with the addition of several questions regarding the 
previous farm operator, and the way the farm was obtained. 
 
Description of the data sets 

 The basic data file used for this study covers part of the information collected in the 1975-76 
survey (the original file was not found). The file includes land use by major crop category, number of 
livestock by type, and value added by the same categories. Also included are days of work on and off 
the farm, income by source, and several personal characteristics of the farm operator. Variables are 
reported separately for 1975 and 1976, all in 1976 values. 
 Following the administration of the 1981 Census, the Central Bureau of Statistics performed a 
matching of observations in the two censuses. Matching was performed by name, so that farms that 
changed hands between the two census years were not recorded as a successful match. Farms that 
changed hands within the family were recorded as a match in most cases, but we suspect that the 
matching process missed some of those farms, especially when the farm was transferred to a son-in-law 
with a different last name. In the file that was created after the matching process, physical quantities were 
aggregated into seven major groups: (1) fruits; (2) field crops; (3) vegetables; (4) flowers; (5) poultry; (6) 
cattle; and (7) other livestock. The calculated normative variables were aggregated accordingly, with the 
exception of value added in 1971, which was not calculated originally. 
 The data from the 1988 survey included only the original variables, without any modification, 
aggregation, or calculation of normative values. 
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Preparation of the combined data base 

 Most of the work on the data other than matching observations was to get comparable 
information on value of production, value added, and capital stock, across the years. This was no easy 
task, since different data sets had different definitions of variables and different units of measure. We 
have decided to create a data sets with four similar lines for each farm: (1) the data from 1971, taken 
from the matched 1971/81 census file; (2) averages of the 1975 and 1976 variables; (3) the data from 
1981, taken from the matched 1971/81 census file; and (4) data from 1988. The included variables can 
be divided into eight groups: (a) variables that identify the farm and its location; (b) personal 
characteristics of the farm operator and his time allocation; (c) physical farm attributes, such as land by 
crop, livestock by type, and machinery (especially tractors); (d) total family farm labor input and off-
farm labor supply, and water use; (e) normative value of production by crop and type of livestock; (f) 
normative gross value added by crop and type of livestock; (g) normative capital stock by crop and type 
of livestock; and (h) normative capital stock by type of asset. In the following sections we describe the 
procedures by which the data from the different files were brought to a common ground. 
 The 1971 data did not include normative value added. We used the 1981 norms to calculate 
these. However, we did not have the detailed physical variables necessary to repeat the calculation as it 
was done originally. Hence, we calculated the average fraction of value added in the value of production 
for each of the seven major groups of farm products described above, and multiplied it by the normative 
value of production in 1971. 
 The 1975-76 data were more detailed that the other data sets, therefore we aggregated variables 
whenever necessary. We also changed a few definitions to make them compatible with the census 
definitions, and we averaged the 1975 and 1976 data because there was little variability between these 
two years anyway. These averages will be denoted below as the 1975/6 data. 
 We did not have to modify the 1981 data since its structure and definitions matched the file we 
wanted to create. The 1988 data, however, were still in the original form, so we had to perform all the 
calculations and aggregations. Specifically, we calculated normative values of production, value added, 
and capital stock, and aggregated them into the seven major groups of products. The only difference in 
the calculations was that in 1971 and 1981 norms were applied by region, while we used the national 
average of the norms for the whole 1988 sample. 
 All the monetary variables were expressed in fixed 1981 prices. Value of production and value 
added were transformed using the consumer price index, while capital stock was transformed using a 
price index of agricultural inputs received from the Bank of Israel. 
 The final (and perhaps most important) action was to go back to the original questionnaires and 
record the occasions of changes of farm ownership between the data years. We have differentiated 
between transfers from a parent to a child and transfers to someone from a different family. We have 
also recorded occasions in which a farm was declared as inoperative in a specific year, meaning that it 
was not operated by its owner (in most cases the land was rented out). Overall, we have observations on 
324 farms in 1971, 490 in 1975/6 (for 102 of those we do not have the questionnaires, so the succession 
information is missing), 400 in 1981, and 393 farms in 1988. The definitions of the main variables in 
this data set are presented in table 1. 
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Table 1. Definitions of main variables in the panel data set 

Village-specific variables 
1) establishment year - divided into three groups: old villages, young villages, and an intermediate group. 
2) district - divided into three groups according to location (north, south, center) and into two groups according to 
landscape (mountain, non-mountain). 
 
Operator-specific variables 
3) succeeding child - a dummy variable indicating whether the current operator has himself become a succeeding child 
on this particular farm after 1971 (not available in 1971). 
4) ethnic origin - a dummy variable indicating whether the current operator is of Asian/African origin (1) or other (0). 
5) nativity - a dummy variable indicating whether the current operator was born in Israel (1) or not (0). 
6) age. 
7) years of schooling (not available in 1971). 
8) off-farm work - a qualitative variable indicating the relative amount of time devoted to off-farm work, where a value 
of 10 stands for full-time (the variable may also take the values of 3 and 6, except for in 1971 where it may take the 
values of 5 and 10 only). 
9) farm work - defined similarly to the off-farm work variable (not available in 1975/6). 
 
Farm- (or family-) specific variables 
10) succession status - divided into three groups: farms who were transferred to a child since the last period, farms who 
are operated by the same operator as last period, and farms who were sold outside the family since last period (not 
available in 1971). 
11) number of family members. 
12) number of family members over the age of 14 (not available in 1971). 
13) shadow - a qualitative variable indicating whether the farm is going to be transferred to a child (1), sold outside the 
family (2), or operated by the same person (0) prior to 1988 (not available for 1988). 
14) farm work - adding up the individual farm work variables (defined above) of all family members. 
15) off-farm work - defined similarly to the family farm work variable. 
16) operative - a dummy variable indicating whether the farm is operated by its owner in this period (1) or not (0). 
17) cultivated land. 
18) value of production - normative (see text; not available for 1975/6). 
19) value added of crops - normative (except for 1975/6); see text. 
20) value added of livestock - defined similarly to crops. 
21) capital stock - normative (except for 1975/6); see text. 
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The effect of succession on farm size and performance 

 The first thing we want to investigate is what changes took place on the farm following 
intergenerational succession. For this purpose, we first compare farm characteristics before and after 
succession, for two different groups of farms: (a) "succession farms," which were transferred to a child 
between two consecutive periods; and (b) "continuation farms," which continued to be operated by the 
same individual. A third group, in which the farm was transferred outside the family, was excluded (as 
well as farms for which the information about succession was unclear). The results of the comparison 
are reported in table 2. 
  
Table 2. Farm characteristics before and after succession: a comparison of "succession" farms (farms that were transferred to 
a child during the period) and "continuation" farms (farms that were not transferred during the period). 

 “Succession” farms “Continuation” farms 
Before After Before After 

1971-1975/6     
number of farms 9  202  
cultivated land 34.44  53.33 25.57 28.79 
value added - crops 52.91 114.53 55.25 45.54 
value added - livestock 96.39 132.47 96.05 81.85 
capital stock 1086  1743 852.3 1039 
farm work - head  6.75 ----- 7.679 ----- 
farm work - other 12.03 ----- 8.641 ----- 
off-farm work - head  2.50  2.78  3.40  3.79 
off-farm work - other  6.94  4.08  7.11  3.48 
1975/6-1981     
number of farms 10  287  
cultivated land 18.80  26.80 28.49 21.92 
value added - crops 32.62 125.84 42.87 96.49 
value added - livestock 69.78  39.96 72.83 77.21 
capital stock 831.6  879.7 924.0 928.6 
farm work - head -----    8.5 ----- 5.669 
farm work - other -----    4.1 ----- 4.541 
off-farm work - head  2.50   3.60  3.90  3.21 
off-farm work - other  2.21   10.0  4.03  5.69 
1981-1988     
number of farms 22  242  
cultivated land 21.64  24.45 21.74  22.52 
value added - crops 89.29 115.69 97.42 114.67 
value added - livestock 75.91  90.71 73.98  76.73 
capital stock 1010  963.1 936.4  952.0 
farm work - head 4.091  4.364 5.872  3.616 
farm work - other 6.909  2.909 4.248  3.194 
off-farm work - head  0.91   5.32  3.77   3.34 
off-farm work - other  3.10   3.00  5.61   6.13 
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Table 2 (continued)

“Succession” farms “Continuation” farms 
Before After Before After 

1971-1988 
number of farms  43 139 
cultivated land  29.91  30.16  24.47  20.6 
value added - crops  44.92 198.89  52.46 97.15 
value added - livestock 102.08 116.11 100.44 78.75 
capital stock 991.9 1551  892.5 920.7 
farm work - head  8.152  5.372  7.618 3.950 
farm work - other  10.36  1.698  6.622 3.424 
off-farm work - head  2.485  4.349  3.676 2.712 
off-farm work - other  6.538  4.070  6.364 5.907 

First we look at farm characteristics in 1971 and 1975. In 1971, succession farms are on average 
larger than continuation farms, both in terms of cultivated land and in terms of capital stock. However, 
normative value added is about the same in the two groups of farms. This could be because succession 
farms engaged in crops with low value added, and had more unproductive capital assets, relative to 
continuation farms. But the striking differences between the two types of farms appear in the 1975/6 
data. While continuation farms grew at modest rates of 13% in cultivated land and 22% in capital stock, 
succession farms increased their cultivated land and capital stock by 55% and 60%, respectively. 
Moreover, while continuation farms did not seem to get higher value added in 1975 (one should be 
cautious with exact comparisons since the 1975/6 variables are not normative), succession farms 
increased their livestock value added by more than a third, and more than doubled their crop value 
added. This is a strong indication of farm expansion - both in size and intensity - following 
intergenerational succession. It may also indicate easier mobility towards more profitable crops - 
especially export crops - during the succession stage. 

Turning to the changes occurring in the farms between 1975/6 and 1981, we now see that 
initially succession farms are much smaller than continuation farms, especially in terms of cultivated 
land but also in terms of the capital stock. However, while cultivated land rose by 43% by 1981 in 
succession farms, continuation farms cultivated 23% less land than in 1975/6. Capital stock remained 
relatively the same in all the farms. Value added in continuation farms remained stable in livestock, but 
more than doubled in crops. The difference between crops and livestock growth was much larger in 
succession farms: livestock went down by close to a half, while crops went up close to four times. These 
numbers indicate more strongly than in the 1971-1975/6 comparisons that the relative growth of farms 
following succession occurs only in crops, not in livestock. It seems that successors tend to quit livestock 
production rather than expand it. 

The story is much different in the last comparison, between 1981 and 1988. No striking 
difference is observed between succession farms and continuation farms, neither in size, nor in growth, 
nor in intensity. However, there are some differences in the labor input and labor supply variables. 
While operators of continuation farms reduced their farm labor input significantly between 1981 and 
1988, succeeding children in 1988 worked quite as much on the farm as their parents did in 1981. On 
the other hand, while operators of continuation farms almost maintained in 1988 their level of off-farm 
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work in 1981, succeeding children in succession farms worked more than half time on average off the 
farm, compared to their parents who hardly worked off the farm. This perhaps explains the surprising 
lack of growth on succession farms between 1981 and 1988: successors spent most of their time working 
off the farm rather than expanding the farm operation. 

The different stories one can tell according to the three different comparisons are determined 
at least in part by global changes in the economic environment. The 1970's brought about incentives to 
shift to export crops, while the 1980's were dominated by a sharp deterioration of the terms of trade in 
agriculture. The worse market conditions, accompanied by the anti-inflationary economic policy, 
resulted in a financial crisis whose outcomes are still felt ten years later. 

The bottom section of table 2 compares the changes in the two groups of farms over the whole 
1971-1988 period. As expected, the comparison reveals all the information observed above. This is true 
despite the fact that the group of succession farms includes farms that were transferred in 1972 as well 
as farms that were transferred in 1987. Perhaps this strengthens the conclusions a bit because we have 
many more succession farms in this comparison. 

Table 3. Regression results of value added ratios 

Variable 
1971-1981 1981-1988 1971-1988 
Estimate t-value Estimate t-value Estimate t-value

constant  1.74 (0.57)  1.61 (3.71)**  1.30 (1.05) 
old moshav -0.96 (-0.28)  0.17 (0.42)  0.44 (0.35)
intermediate moshav  1.08 (0.47) -0.13 (-0.41) -0.15 (-0.15)
northern moshav -0.21 (-0.09)  0.01 (0.02)  1.52 (1.97)*
southern moshav -1.81 (-0.94) -0.15 (-0.54)  0.25 (0.36)
mountain region -1.40 (-0.74) -0.34 (-1.32) -1.09 (-1.54)
Israeli native  0.75 (0.28)  0.14 (0.55)  0.74 (0.79) 
Asian/African origin  1.05 (0.60)  0.06 (0.25)  0.90 (1.47) 
head's off-farm work  0.28 (1.63) -0.02 (-0.76)  0.01 (0.12)
succession dummy  6.29 (2.43)*  0.12 (0.33)  1.16 (1.60) 
exit dummy ***  0.48 (0.98)  0.15 (0.16) 
number of observations 247 243 258 
R2 5.0% 3.5% 4.3% 
probability of F 0.19 0.59 0.34 

Except for succession and exit dummies, all explanatory variables refer to base period. Observations include operative 
farms only.  
*  coefficient significant at the 5% level.
**  coefficient significant at the 1% level. 
*** variable excluded because of too few exits between 1971-1981. 

The next step we want to take is to apply a regression analysis to examine the effect of succession 
on the growth of farms.  We use the ratio of the total value added variables in two periods as the 
dependent variable, and initial period variables as explanatory variables. We also add dummy variables 
indicating whether the farm has been transferred to a succeeding child between the two periods, and 
whether the farm was sold outside the family. The results are reported in table 3. We have not used the 
1975/6 data in this part of the analysis since value added in those years is not expressed in normative 
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terms. As the goodness-of-fit statistics show right away, there is not much to learn from the results. No 
explanatory variable was strongly significant. The succession and exit dummies have positive signs in all 
the regressions, but the only statistically significant effect on farm growth is that of succession between 
1971 and 1981. This supports to some extent the findings described above (table 2). 
 

Age profiles of farm size and intensity 

 We first want to look at the age profile of farm size. For this purpose, we group the observations 
from all the time periods and regress the natural logarithm of value added on personal characteristics 
of the farm operator. As mentioned before, value added is expressed in normative terms (except for 
1975/6), and hence reflects the amount of land allocated to different crops and the number of livestock 
of different types. We also include several dummy variables of location, year, and village establishment 
year. Only operative farms are included. Obviously, we could have used the panel structure of the data 
to get more dependable estimates, but this is left for future research. The results are reported as model 
(1) in table 4. 
 
Table 4. Regression results of value added levels 

Variable 
Model (1)  Model (2)  
Estimate t-value Estimate t-value 

constant  0.67 (1.23) -1.74 (-4.52) 
old moshav  1.17 (6.13)**  0.37  (2.94)** 
intermediate moshav  0.10 (0.66)  0.13  (1.27) 
northern moshav  0.42 (3.43)** -0.19 (-2.21)* 
southern moshav  0.27 (2.47)* -0.09 (-1.29) 
mountain region -0.08 (-0.72)  0.60  (6.71)** 
Israeli native  0.30 (2.47)* -0.02 (-0.24) 
Asian/African origin -0.43 (-4.47)** -0.01 (-0.23) 
1971 dummy  0.71 (5.92)**  0.24  (2.93)** 
1981 dummy  0.81 (7.43)**  0.54  (7.51)** 
1988 dummy  0.70 (5.72)**  0.73  (8.85)** 
shadow of succession -0.06 (-0.36) -0.08 (-0.77) 
age of household head  0.12 (5.64)**  0.02  (1.40) 
(age squared)/100 -0.12 (-5.90)** -0.03 (-1.85) 
log(area cultivated)    0.26  (10.4)** 
log(capital stock)    0.59  (18.6)** 
log(labor input)    0.39  (11.5)** 
number of observations 1258 1224 
R2 20.3% 59.8% 

* coefficient significant at the 5% level. 
** coefficient significant at the 1% level. 
 The results show that farms are larger in older relatively to younger moshavim, and in the 
northern and southern parts relative to the central part of the country. Farmers born in Israel tend to 
have larger farms, while those of Asian/African origin tend to have smaller farms. Farms are larger in 
1971, 1981, and 1988, relatively to 1975/6. This, as mentioned before, probably reflects the different 
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definition of value added in 1975/6. We hypothesized that the shadow of succession (occurance of 
succession in a future time period) affects farm size positively, but it does not have any significant effect. 
Age, however, has the expected positive and then negative effect on farm size, and this effect is 
statistically significant. The coefficients imply that farm size reaches a maximum when the operator is 
49 years old, which is about the sample mean. 

Second, we want to hold farm size constant and examine the age profile of production intensity. 
If normative value added was calculated using land allocations only, adding total land holdings to the 
explanatory variables of the previous regression would have resulting in coefficients indicating what 
variables are associated with a crop mix that gives a higher value added for a given land size. Since in 
fact value added is determined by livestock as well, we also add the capital stock which includes the 
value of livestock. To complete the picture, a measure of farm labor input is also included. All three 
additional variables are transformed to natural logarithms. 
 This regression is reported as model (2) in table 4. All three additional variables have positive 
and significant coefficients. Production intensity exhibits a concave age profile again, but this time the 
concave effect of age is not statistically significant. Excluding the squared age variable, age itself has a 
significant negative effect. The shadow of succession does not have a significant effect on production 
intensity. 
 The coefficients of the other variables will be discussed while comparing them to the coefficients 
of the same variables in the size regression. Intensity is higher in older moshavim just as size is. This 
means that in older moshavim, not only do farms employ more means of production, they also use 
these means in relatively intensive activities. The regional effects, however, have opposite signs than the 
regional effects on farm size. Farms are larger in the north and south, but more intensive in the center. 
This is perhaps a consequence of the much higher demand for agricultural land in the central parts of 
the country. The mountain dummy have a significant positive effect on intensity, after having almost no 
effect on size. The absence of field crops, with relatively low value added per land, in mountain areas, 
could be the reason. 
 

Summary 
  

In this paper we have presented preliminary results on several issues related to farm succession, 
using a panel of Israeli family farms. We have compared farms that were transferred to children within 
a given period and farms that were not transferred. Between 1971 and 1975/6, succession contributed 
tremendously to farm expansion, both in terms of size and in terms of intensity. Expansion 
characterized farm transfers between 1975/6 and 1981, but it seems to have been concentrated in crops, 
while succeeding children exhibited a tendency to quit or at least reduce livestock operations. Expansion 
was not observed in farms experiencing intergenerational succession between 1981 and 1988, in part 
because successors tended to work quite a lot off the farm in that period. 
 We have also looked at how farm size and intensity of production change with the age of the 
farm operator. We found that farm size has the expected hump-shaped age profile, with farm size rises 
up to age 49 and then declines. Production intensity seems to decline with the age of the operator, with 
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no significant concave effect. We could not identify a "shadow of succession" effect, where farms start 
expanding in expectation of future succession. Several regional differences in size and intensity were 
also found among the farms in the sample. Since normative value added, which was used to proxy for 
size, was calculated on a regional basis, one has to be careful when interpreting these differences. 
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Summary

This paper offers an economic analysis of the intra-family insurance aspect of farm
transfer. Sharing of fann income by retired parents with their succeeding children
may act like a pension fund. A theoretical model is adopted and a bargaining game
suggested to formulate this inter-generational contract. The model is illustrated with
data for family farms in a co-operative village in Israel, and the effect of farm-specific
parameters (size, risk aversion, sale value of the farm) on the inter-generational distri-
bution of farm wealth is demonstrated.
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1. lntroduction
Most old people face the economic problem of providing for retirement.
Uncertain length of life creates a special difficulty: either accumulated savings
may be exhausted in their lifetime, leaving the retired persons short of
resources, or, with conservative use of the nest egg, the standard of living
in retirement may be too low and funds designated for consumption are left
behind. Social security and pension funds operate as inter-generational insur-
ance schemes; they insure 'against' longevity. Retired farmers often rely on
income generated by the farm; indeed, the majority of farms in most countries
are transferred to the farmer's children and in many cases the parents stay
with their successors on the farm.

There are many advantages to within-family farm transfer: smooth transi-
tion, reduction in transfer costs, benefits from the comparative advantages
farm children have in running the enterprise they are familiar with and, in
some instances, lower transfer taxes. In this paper we take these advantages
as given and concentrate on the inter-generational insurance element of the
farm transfer.

Living together, the generations overlap and share income (Blanc and
Perrier-Cornet, 1993; Gasson and Errington, 1993). The livelihood of the
retirees may thus be assured in an (often implicit) contractual insurance
arrangement. The parents give up an asset for the promise of provision
for retirement, and the successor receives productive assets, an operating
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business, and often also a house, together with the obligation to care for
the elderly parents. We offer a conceptual framework for the analysis of
the old age insurance component of farm transfers. Our starting point is
the model developed by Kotlikoff and Spivak (1981), who termed intra-
lamily insurance 'incomplete annuity markets'. The model is adapted to
the particular characteristics of farm transfers and illustrated within a

bargaining framework (Kimhi, 1995) with data lor a co-operative village

in Israel.
By necessity, the analysis is simplified in several ways. In particular, transfer

of a farm to a child, with parents staying to share its future income, usually

encourages investment and expansion. This aspect is not treated explicitly
in the analysis, which is conducted for a set of given farm sizes. Moreover,

to reduce complexity and save space, only limited aspects of uncertainty

and risk are covered in the formal analysis and its illustration. In addition,
as we focus on inter-generational insurance, and as farm transfers are

exempt from tax in Israel, estate tax considerations are not incorporated

into our analysis (we comment on taxes in the concluding section of the

paper).
The next two sections present a theoretical outline of the intra-family insur-

ance model and the bargaining model. Then follow sections offering factual

background and calculation of consumption streams and farm wealth. The

assessment of these values is based on the theoretical model of the paper

and on estimates (presented in the Appendices) of an income-generating

function and a cost of capital coefficient. We show that inter-generational
co-operation adds to the wealth of the parents and their successors. The addi-

tional wealth is termed here the inter-generational surplus. The illustration
presents alternative divisions of the inter-generational surplus between the

parents and the succeeding family.

2. The e{Eonomics of intra-family old age insurance
Kotlikoffand Spivak's (1981) analytical framework of mutual old age insur-

ance of a husband and a wife is described in this section, together with several

extensions. The expected discounted utility of the individual is

T

EIJ :f r,u1c,1o'
t:0

where U stands for the utility function, C, is consumption in year t, I is the

last year of the analysis (for retirees it will be the last probable year of life), P,

is the probability of survival to year t conditional on living in year 0 (Po : 1,

P, 1l for t > 0, and Pt:O for r > I), and a is the subjective time discount
factor (in general, 0 < o < l).

A single individual retiring at t :0 with wealth Ws,in cash or in discounted

future receipts, allocates his or her wealth over time by maximising EU in (1)

(r)
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subject to the budget constraint

T

Lr,^-' - wo e)
,=0

where R is the relevant interest coefficient (R : I * r, for interest rate r). A
single individual will almost always not fully realise their planned consump-
tion, as some money has to be left for the possibility of longer life. Il however,
the individual is offered an actuarially fair annuity, the budget constraint
becomes

T

lr,c,n-' - wr. (3)
,:0

As P, < I for all , except / : 0, (3) is less constraining than (2). On average, an
individual with a fair annuity consumes more than one who has to provide for
retirement solely on the basis of their personal saving. Consequently, the max-
imum expected utility in equation (l) is higher for a retiree with a fair annuity
than for a single individual constrained by (2).

Because of mutual insurance of its members, a pension fund can operate as

a fair annuity (disregarding administrative costs). Members who die early
leave part of their wealth in the fund, financing the retirement benefits of
longer living members. A family of two, sharing wealth and consumption,
functions as an incomplete annuity arrangement because of the positive prob-
ability that one of its members will die before the other. The probable early
death of one of a pair enables both to allocate more to consumption in the
early retirement years than they could as single individuals with the same
amount of initial wealth divided between them.

For a pair, a plausible maximand is the family welfare function

EF: EUH + )EUS (4)

where H stands for the husband, S for the wife, and,\ is the differential weight
in the family function (,\ : I is possible). The expected utility values on the
right-hand side of (4) are for individuals in a family. The wealth constraint
is now

T

f lcl'+ c:)R-' - wo (s)
t:0

where the wealth 1116 stands for the pooled resources of the couple. Given the
model's parameters, an optimal consumption path can be calculated using
dynamic programming, not detailed here.l

1 Eecause the maximisation of the expected utility in the model does not involve ranking or corF
pounding of lotteries, it is not subject to the difficuhies raised by Krautkraemer et ar. (1992).
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The utility of an individual in a pair (a component of the right-hand side of
(4) for a self-insured pair) is exemplified here by the utility of the husband2

EIJH :

gi:4-, - 4
Pr+t : Hr*t :0'

In (6), gf is the probability that the wife dies between t - I and r,3 f is the

consumption of the husband when living with the wife, I/,*r(W,*1) is the

present value utility of the husband surviving his wife with wealth lll at

t * l. and EUH is the expected utility of the husband in a pair. discounted

to time / :0. The husband's horizon is divided in (6) into two parts: before

the wife dies he shares resources with her, and after her death he uses the

remaining wealth for the rest of his life. The two terms inside the inner
brackets represent these two periods and they are summed conditionally on
the wife's death.

Retired parents may share the income of the farm with the next-generation
successors. Then, even if the two families keep separate households, they are

together subject to the same budgetary constraints and the decisions on the

consumption path of the parents and the young family are made simulta-
neously. In this way, like a pair retiring with a joint fund, the two families

mutually insure each other. The economics of such a family can be repre-

sented as a direct extension of the above two-member family model. A welfare

function will then represent the 'social' welfare of the extended family with
appropriate weights assigned to the utility of each of its members. But, con-

sistently with modern trends in family economics (e.g. Lundberg and

Pollak, 1996), we prefer to formulate the determination of the succession
parameters as a bargaining game. Thus we extend the theoretical framework
of Kimhi (1994).

3. Monetary value of pension and intra-family bargaining
In this section, we deal with three points: (i) the fund needed to provide the
parents with a pension plan is smaller than the utility-equivalent monetary
value of farm sale; (ii) accepting the responsibility for the parents' livelihood
in their old age, the succeeding family also accepts risk it could have avoided
had it been possible to purchase for the parents membership in a pension

fund; (iii) the parent-child bargaining can be formulated as a Nash (1950)

co-operative game.

2 This expression is not presented explicitly in Kotlikoff and Spivak (1981).

3 The probability of death, grf . is calculated whh respect to t = 0 in the same way that P, is the prob'

ability that a perx,n living at t : 0 will survive to the year t

irl, [i uHtcfl|oi+ 4*tH,*t(w,-)f
I/=0 L_l=g

(6)
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Regarding the first point, let us consider an individual about to retire with
wealth W,4 contemplating future consumption streams. We denote the maxi-
mum expected utility of equation (l) under the constraint in (2) as EU(S,W)
and the maximum under the constraint in (3) as EU(F,l/), where S and F
stand, respectively, for self reliance and fair annuity. The monetary value of
access to a fair annuity is the magnitude M > 0 satisfying the equality

EU(F,W - M): EU(S,W). (7)

That is, a person joining a pension fund buys for W - M the same level of
utility that a self-relying person can secure by allocating the larger sum lll.

The assumption in the illustration below is that the young couple provides
the parents with a pension-like income stream. The alternative for the parents

is to sell the farm and live off the proceeds. If the value of the sale is Wp' , the
reservation utility of the parents is EU(S, 1ryvt).The sum lIlP'is the minimum
amount the parents will require as their share in the farm if they leave; we term
it the reservation wealth. However, if the parents stay, the young family has

to allocate only Wp' - M to maintain the parents on their reservation utility.
Thus, in addition to other intra-family benefits of farm transfer, the parent-
child co-operation in the provision of old age insurance creates an economic
surplus, the sum M, which we call the gross pension surplus.

Concerning the second point, the succeeding family, by taking upon itself
the provision of the pension-like payments, faces risk which it would not
have to face if membership in a pension fund could be purchased. The risk
is associated with the survival of the parents. If the parents die early, the
total of the payments received from the succeeding family is less than
expected. If they live longer than the average, the cost to the succeeding
family exceeds the value of membership in a pension fund. To be concrete,
if parents receive just their reservation utility (one of the cases illustrated
below), what is the utility of the succeeding family? The answer is computed
in two steps. First, we calculate the fair annuity consumption stream of the
parents with utility equal to their reservation utility, and call that consump-
tion stream Cl for / : 0, ...,7, where C? : C! + Cf . Second, we calculate
the optimal consumption stream and utility of the succeeding family Cf,
EflD, given the farm's initial wealth and the planned consumption stream
of the parents, Cf . These steps were followed in preparing the illustrations
in Tables 3 and 4 below.

Associated with the consumption streams of the two families is a risk
premium. The premium is calculated similarly to the magnitude M in (7)

and it is the amount worth paying, over the present value of a fair annuity,
for membership in a pension fund.

As indicated, intra-family transfer creates an economic surplus of which the
surplus as a result of inter-generational insurance is only a part. We view the

4 TheweahhparameterisnotindexedherewithzetoasWowill beusedbelowfortheinitial weahh
of both generations, the parents and the succeeding family.
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division of the surplus (and the risk premium) as determined by bargaining
between the old and young families. In the illustration, the bargaining process

is modelled as a co-operative game and the surplus is divided according to the

Nash (1950) solution to such games. Formally, we let Wsbe the initial wealth
for both families on the farm: EUp' and Ed' stand for the reservation
utilities of the parents and the succeeding family, respectively;5 and we let

EU(Wv) and EU(Wo - Wp) be the utility of the two parties when the parents

receive Wp, not necessarily their reservation wealth. Then the Nash (1950)

solution is a value l7p satisfying (8):

Wf : argmaxlEU(Wp) - EUe\lEU(Wo - WP) - E(f\. (8)

This concludes the summary of the analytical framework.

4. The setting
The analytical approach is illustrated with data for family farms in a moshav.

The Israeli moshav (plural, moshavim) is a co-operative village of 50-100
families, each running its own farm privately (Zusman, 1988). The co-

operative association of the village provides marketing, inputs, accounting,
and other services.6 Retiring farmers may sell their farm and leave. If they

choose to transfer the farm to their offspring, they are constrained by law

and by the regulations of the co-operatives, which dictate that only one

child may succeed the parents on the farm. Once a succeeding child is

chosen and accepted for co-operative membership, he may build an addi-
tional house on the farm plot. Other adult children are not supposed to
stay on the farm: in some cases they purchase a different farm in the same

moshav; otherwise, they leave the village. Given this legal structure, farm
transfer with parents staying with the succeeding young family is probably
more prevalent in Israel than in some countries, but this form of transfer is

found in many other places.

Another factor increasing the importance of intra-family farm succession in
Israel has been the restriction of the country's pension funds to hired employ-
ees; farmers, being independent operators, could not join. The situation is

changing as insurance companies are now entering the market; but private
programmes are expensive, they have to cover significant marketing costs,

and are relevant only for today's young people. We therefore disregard

these possibilities in the analysis.
Naturally, parents invest also in non-succeeding children. In addition to

investment in human capital, farmers in moshavim sometimes draw on the

financial savings they have accumulated to assist non-succeeding children;

The reservation utility of the parenB is E(5, W) where W is the sale value of the farm. The reserva-

tion utility of the succeeding child is determined by their alternative opportunity; in the illustration

we as:rume it to be off-farm employment.

Atthough cooperation has diminished markedly in the moshav sector in the last few years, the

legal framework has remained intact.
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it is also customary that these children receive, as their share of the inheri-
tance, whatever is left of the financial savings after the parents die. In this
way, the family capital is divided - even if not equally - between all children.
As information on financial savings and transfers was not available, our
analysis is limited to farm transfer and is conducted for families for which
the farm may be separated from other intra-family transactions.

As in most co-operative villages in Israel, land in the sample moshav is

equally distributed; every family has an area of 5.5 hectares of land, used

for farm, fields and dwellings. Farms are, however, not identical; because

of ability, choice and luck, they vary in structure and income. In comparison
with many other moshavim, the sample village is well-to-do. The main source

of income is the dairy enterprise, which together with cattle (mostly male
dairy calves) comprises 75 per cent of farm income in the village. Sixty per

cent of the farms in the moshav produce milk, beef or both. Poultry enter-
prises are second in importance, and many of the growers produce breeding
material. A small number of farmers, most of whom do not operate a dairy
enterprise, suffered from low and relatively unstable income in the last
decade as a result of market vagaries.

5. Estimation of income and its variance
Farm transfer is illustrated using data from the sample moshav. The period of
analysis is 30 years. The retirees are taken to be a pair of farmers (the parents)
both 65 years old who could, by a simplifying assumption, live at most to the
age of 95. The parents are succeeded by a young family aged 35. For simplicity,
we treat the young family as if it were a single person, and assume that it will
survive for 30 years with probability one. The survival probabilities of the
parents are the regular age-specific probabilities (modified slightly to end at 95).

With these assumptions, one may visualise the parents as if purchasing with
their share of the farm a membership in a fair annuity-pension fund. The
young family, which is, by assumption, certain to live to the age of 65, has
no need for old age insurance during the 30 year period of the analysis.
The succeeding couple will enjoy pension-like benefits in its turn, when it
transfers the farm to its offspring.

The empirical analysis was conducted in four parts: (i) estimation of farm
income and its variance; (ii) simulation of farm income; (iii) computation of
value of the constraint Ws; (iv) division of the inter-generational surplus
between the generations. Income estimates are presented in Appendix A;
Appendix B reports the construction of the coefficient for the cost of capital
(discount factor) used in discounting farm income streams. We turn now to
the simulation.

6. Simulated farm income
Threc farm types represent the major groups in the village. Table I reports
structure and simulated income calculated by multiplying the enterprise
sizes in the table (for example, 45 cows in the dairy enterprise of Farms A
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Table l. Annual income and outlays by farm type

Type A
(milk)

Typc B
(mixed)

Type C
(poultry)

Farm enterprise

Dairy (cows)

Cattle (calves and heifers)

Hatchiug eggs (thousand layers)

Field crops (dunams")

Fruits (dunams)

Flowers (duuams)

Income and outlays ( NIS)b

Standard deviation'

Income"'d

Depreciation

Labou/ (operator)

Labour (help)

Service of business debt

Income taxs

Assessment

Tax shield
Credit points

Net incomeb

45

50

35

20,092

t07,334

(20.000r

(40,000)

(28,373)
6,910

7,332

33,203

45

100

1500

l5

20

l0

35,5 l0

t52,363

(30,000)

(40,000)

(20,000)

(47,s49\
13,277

7,332

35,423

r 500

l0

40

27,862

56,740

( 1s,000)

(40,000)

(,10,500)

(38.760)

"l dunam = l/10 hcctare.
bMonetary values - in CPl<orrected Dccember 1992 NIS (New Israeli Sheqels: US$ 1.00: NIS 2.764).

"Iocomc and standard deviations werc calculated using the coefficients reported for the third and the second

stage regressions, Appendix A.
dlncome is gross valuc added.

'Values in parcnthescs wcrc trcated as ncgative magnitudes when summing to compute net income.
rlabour (operator) is opportunity cost of operator's labour on farm. Labour (help) is cost of hircd labour
employed part timc after l0 years. The assigned value is average salary per ernployec in the country for 1992.
tlncome tax: tax shield is deprcciation times the marginal tar rate; credit points are for two families. The
emount paid is asscssment minus tax shield and credit points.
hNet income was calculated by deducting from gross incomc: depreciation, labour, and income tax; tax shield
and credit points werc added.

and B) by the corresponding coefficients of the third stage regression_from
Table Al in Appendix A and adding the intercept of that regression.T The
standard deviation was similarly calculated by computing the 'predicted'
value of the second line of equation (Al).

The simulated values in Table I reveal substantial differences between farm
types. Farms A and B enjoy secured income thanks to the dairy enterprise; the
industry has always been 'planned' and protected more than other lines of

7 The stimate of the intercegt was first muhiplied by the standard deviation because, to correct for
heteroscedasticity, the regression was estimated with the variables divided by this magnitude.
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agricultural production. Type A farms are usually operated by a single elderly
farmer, often with some help from the spouse. A succeeding child, if such was

designated, is in most cases working offthe farm, expecting to join it when the
parents retire. For the elders this is a risky situation-the child may develop

a career elsewhere and not be available when the need arises. We do not
consider this risk explicitly here. Farm B is larger, with several additional
activities. Consequently, this farm provides employment and earning oppor-
tunities for one and a half family workers. Its annual income, NIS 152,363, is

42per cent higher than that of type A and, as its larger size is due to non-dairy
enterprises, the variability of its income is also higher (the coefficient of
variation is 19 per cent and 23 per cent for type A and B, respectively).

Farm C is relatively poor, representing operations with no dairy activity. In
the last decade, many of these farms have suffered significant falls in income
and economic standing because of worsening terms of trade in a large number
of agricultural activities and a severe financial crisis. Losing money, farm C
will not be able to accept a succeeding family. It was introduced here for com-
pleteness but will be dropped from the presentation in the following sections.

The opportunity cost of labour in Table I is for an operator and, in Farm B,

an assistant (the person with half a 'position'). By assumption, assistance is

provided by family members: the parents contribute half a day on the farm
for the first l0 years after transfer, and then the children of the succeeding
family join the farm labour force. Income tax calculation is reported in
some detail as its components are capitaiised below (in Table 2) at different
discount rates. Depreciation was calculated to represent cost of capital in
the computation of annual income and to assess income tax (in this last func-
tion, depreciation enters the calculations in the table in the form of a tax
shield). Net income reported in Table l, NIS 35,423 (US$ 12,816) in Farm
B, is value added minus depreciation, imputed cost of labour and income tax.

7. lnitial and resen ation wealth
A distinction is made between the initial wealth, }/6 as in equation (2), and the
value of the farm as an asset. The initial wealth, which constrains consump-
tion over the 30 years of the analysis, is the present value of farm income
including returns to own labour. The asset value of the farrn is net of the
opportunity cost of family labour and includes the residual value of the
farm transferred to the third generation, to the grandchild of the current
parents. This section presents the calculation of the initial wealth; the com-
putation of the value of the asset (not shown here) is available from the
authors.

The magnitudes calculated in this section are capitalised values. In general,
the discount factor of an economic enterprise is a weighted average of the cost
of equity and the cost of borrowed funds. However, the typical farms we
consider here, like many of the farms in the sample village, had no business
debt. Future income was, therefore, capitalised using the cost of equity capital
as the discounting factor (Appendix B).
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Teble 2. Initial and reservation wealth (December 1992, NIS)

Farm type A Farm type B

Cost of equity

Net incomea

Labourb
Young
Parents

Residence'

Initial wealth (7s)

Reservation wealth
Parentsd

Young"

Farm inter-generational surplus

0.0415

563,834

619,256

239,t70

1,482,2&

350,000
735,682

396.578

0.0/73

56t,707

634,285
I 56,480

239,170

1,591,&2

500,000

735,682

355,960

All magnitudes in the table are present values capitalised over 30 years, except parents' labour which is
capitaliscd over l0 yean.

"Net income from Table l, discounted at the cost ofequity.
bReturns to family labour from Table I discounted at the cost ofequity.
cValuc ofrcsidential services. Annual ffows are 3.5 per cent ofvalue ofland and houses, capitalised at 3.5 per

cent for 30 years.
dSale value of the farm, market assessments.

'Opponunity cost ofoff-farm ernployment capitalised at 3.5 per cent.

The initial wealth of the farm is calculated in Table 2 as the present value of
net income plus returns to family labour of the succeeding young couple and
the retiring parents. Consistent with the practice in many family farms of
rewarding youngsters for farm work, labour contributed by the children of
the succeeding family of Farm B is seen as hired help: it is not taken as

part of larm income and its value is not capitalised in Table 2. Initial
wealth also includes services of the residential assets on the farm.

Farm transfer with cohabitation and income sharing is a long-run trans-
action. Benefits will be assessed in monetary terms below; the costs to the
parties to the transaction are the opportunities foregone. The parents could
have sold the farm. By our assessment, based on market valuation, Farm A
could be sold for NIS 350,000 and Farm B for NIS 500,000. Our assumption
that the parents cannot find employment off the farm after retirement reflects
reality in [srael. The young couple, however, could find employment else-

where. The value of their alternative labour earnings, NIS 40,000 for 30

years, capitaiised at 3.5 per cent, is NIS 735,682. These magnitudes are, there-
fore, the reservation wealth values for the old and the young families; neither
party would enter the transfer deal unless it receives the reservation wealth or
its equivalent.

Deducting the reservation wealth for both generations from the initial
wealth, the farm inter-generational surplus in Table 2 is NIS 396,578 and

355,960 for Farms A and B, respectively. In each case, this magnitude is
the residual left after each generation receives its reservation wealth. It is
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due to the co-operative transfer to the offspring of an operating farm and also
(in Farm B) to the assistance of the parents. The surplus amounts to more
than a quarter of the initial wealth. The surplus will be modified below
when the contribution of intra-family old age insurance and the risk premium
of the young family are added in the next section.

8. Total inter-generational surplus and its division
This section and Table 3 present further analysis for Farms A and B. We
expand to farms with other parametric values in Section 9 (Table 4).

In addition to the benefits mentioned above, staying on the farm with the
young family is, for the parents, equivalent to joining a pension fund (cur-
rently not possible for retirees who sell their farm in Israel). Given the relevant
parameters, the welfare of the parents can be calculated by maximising (4)

subject to (5) with Wo equal to their reservation wealth (NIS 350,000 and

500,000). The expected utility thus computed is the reservation utility of the
parents. In a bargaining context, they will insist on receiving at least this

Table 3. Division of the surplus between the generations in Farms A
and B (December 1992 NIS)

Farm A Farm B

Initial wealth

Succeeding family takes all

Parents receive

Young's monetary share

Gross pension surplus

Risk premium

Net pension surplus

Young's utility equivalent

Parenls take all

Parents receive

Young's monetary share

fusk premium

Young's utility equivalent

Nash solution

Parents rec€ive

Young's monetary share

Risk premium

Young's monetary equivalent

t,482,260

303,949

1,178,3r l
46,051

73,005

-26,953

I,105,307

565,225

917,035

181,353

735,682

441,627

1,040,633

l 13,055

927,578

t,59t,u2

434,212

I,157,430

65,788

I r 1,351

-45,563
1,046,079

631,578

960,064

224,382

735,682

548,763

1,M2,879

t47,455

895,424

Detailcd calculations of the entries in the table arc available from the authors upon

rcqucst (contact Yoav Kislev at kislev@agri.huji.ac.il).
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level of utility (in game-theoretic terminology, this is their participation con-
straint). The succeeding family, as it provides the parents with pension-like
assured income, may secure for them their reservation utility at less than
their reservation wealth. However, accepting the obligation to support the
parents, the young family also accepts risk that offsets, or more than offsets,

the pension gain. We turn now to a detailed account.
The utility function adopted for the illustrative analysis maintains CRRA

(constant relative risk aversion), the same function for the husband, the
wife, and the young family

u(c') =?l-'' (e), I -?
The values of the parameters in planning the consumption streams were

R: 1.035, a:0.95, the risk aversion parameter 1:0.75, and A: l. The
probabilities of survival were calculated from demographic tables in the
Statistical Abstract of Israel 1993 (State of Israel, Central Bureau of Statistics,
1993). Identical survival probabilities were assumed for the husband and the
wife (adapted to reflect a 95 year maximum). The succeeding family was

assumed to survive for the entire planning period of 30 years with probability
one.

Three alternative solutions to the parent-child bargaining game are pre-

sented in Table 3. The entries in the table were calculated in dynamic program-
ming models. Two of the solutions are corner solutions and they define the
boundaries of the range of settlements likely to be reached. In the first, the
parents receive only their reservation utility and the succeeding family receives

the rest ('takes all'). In the second corner solution, the young family receives
just its reservation utility and the parents receive whatever is left of Ws.

These solutions, as well as the Nash (1950) solution to the game, depend on
the reservation utilities of both families and on the risk premium.

For the parents, the reservation utility translates the reservation wealth into
the minimum wealth that will keep them on the farm. The reservation wealth
(Wp') is the amount the parents would obtain by selling the farm, using self-

insurance to attain their reservation utility (equations (4) and (5)). On Farm
B, by (7), E(S, I4lp') : E(S,500,000) and this is equal to E(.F, 434,212). The
sum NIS 434,212 is the expected present monetary value of the consumption
stream the parents will receive when staying on the farm with the young
family and being limited to their reservation utility. Accordingly, the value

M (see equation (7)) is NIS 65,788 (=500,000 - 434,212). This is the gross

pension surplus and is added to the farm inter-generational surplus of
Table 2. The corresponding entries for Farm A have similar interpretations.

Continuing with the example of Farm B and the first corner solution, the

monetary share of the young family is NIS 1,157,430

(: 1,591,642-434,212). Now, we recall that the succeeding family carries
the risk associated with securing pension-like payments for the older
couple. With this risk, the monetary equivalent of the young family's utility
on the farm is NIS 1,046,079 (calculated by dynamic programming). The
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difference between the share in the wealth and the monetary utility equivalent
is NIS I I1,351 (:1,157,430 - 1,046,A79), which is the risk premium. The pre-

mium is the amount the succeeding family would be willing to give up to be

relieved of the burden of the risk associated with the parents' consumption.
Thus, the farm's initial wealth is divided between the expected monetary

present value of what the parents receive and the initial wealth of the succeed-

ing family. However, the young family's utility is impaired by having to accept

the risk associated with financing the parents' consumption. Consequently,
the young family's utility is lower (by the amount of the risk premium)
than it would be if there was no risk involved with the pension arrangement.
The monetary value of this smaller utility is their utility equivalent. [n the

second corner solution, the parents 'take all' and the succeeding family
receives its reservation utility. Now the risk effect is turned around. The reser-

vation wealth of the young family is NIS 735,682 (the present value of their
alternative earnings) but, as they face risk, their monetary share (the sum

allocated to secure their reservation utility) is NIS 960,064. The parents'

share is the remaining value of the farm's initial wealth. In this corner solu-
tion, the parents receive much more than their reservation wealth or its utility
equivalent, but they now carry the risk premium. If membership in a pension
fund could be purchased and the young family relieved of the risk, the
parents' share would have been greater. (The risk premium is greater here
than in the first solution because the amount the parents receive is now
larger.)

The third alternative is the Nash (1950) solution to the bargaining process,
by which the division of the surplus maximises the product of the additional
utilities (equation (8)). An internal solution is assured because of the convex-
ity of the CRRA utility function. In this solution, the parents in Farm B
receive NIS 548,763 and the succeeding family receives NIS 1,042,879, but
because of the risk premium their equivalent money-metric utility is only
NIS 895,424.

9. (Xher Gases

The farm types in Table I are typical for the sample moshav but other farms
may be of different size and structure. In Table 4 we record Nash solutions for
several alternative values of key parameters that may represent other farms,
all on the basis of Farm B. Where a parameter is modified in the table, the
other parameters are set at their Farm B, Table 3, values.

The first parameter to be examined is risk aversion. As we increase the level
of risk aversion relative to that in Table 3, the share the parents receive in the
Nash solution decreases from NIS 548,763 to NIS 420,771. Risk aversion
increases the value of secured annuities and comparatively more risk averse
retirees will settle for smaller annuities (holding reservation wealth constant).
Increasing risk aversion affects the young in two opposite ways: it reduces
their welfare for given wealth and commitments, but it also reduces their com-
mitments to the older generation. Henc€, the risk premium does not move
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monotonically with 7. For the cases analysed in Table 4, the young's utility
equivalent share in wealth increases with risk aversion (utility comparisons

are here meaningless as the functions differ). On another issue, the threshold

wealth for the sample village farms with the given parameters is NIS
1,286,281. Farms with the reservation wealth values, for the parents and

the succeeding family, as in Farm B and with wealth below the threshold

level, will not find a feasible inter-generational co-operative agreement.8

The effect of increasing wealth is examined in Table 4 by modifying Ws by

steps of NIS 152,681, half the distance between the threshold level and the

level of Wsin Table 3. As Ws increases, both the share of the parents and

that of the young family increase; however, not all the additional wealth is
distributed to the parties to the agreement; part of it goes to compensate

for the increasing risk of a larger on-farm pension fund.
It is often stated that parents invest in anticipation of a successor joining the

farm 'to prepare employment and income sources for the children'. Our
examples indicate that in this way they may also increase their own retirement
benefits.

The last three rows in Table 4 illustrate the parents' increasing bargaining
power as their reservation wealth increases from MS 350,000 to 650,000.

Naturally, parents' reservation wealth increases their Nash solution share

in the farm income and reduces the share of the young.

Considering bargaining positions, one may add that parents are often
thankful for being given the opportunity to help on the farm, even if only
part-time, but some may require compensation.v In this case, they will
insist on an appropriately modified division of the surplus.

1O. Concluding remarks
A succeeding family receives an operating business, the farm, plus land and

dwellings together with the obligation to provide the parents with secured

income for the rest of their lives. In the farms we analysed, and with a

Nash solution (Table 3), the standard of living of the succeeding family (i.e.

the present value of future consumption) is more than 20 per cent higher
than what mere labour earning could provide. This additional income is
due to intra-family co-operation: old age insurance of the parents, the transfer
of the farm to a son or daughter who grew up on it and understands its
functioning better than an outside buyer, and in one case, labour contributed
by the parents for l0 years.

The illustration should be qualified in several ways. For many farmers, our
illustration overestimates the benefits of inter-generational transfer. For
example, although 60 per cent of the farms in the sample village operate a

(generally profitable) dairy enterprise, the country-wide average for all
moshavim is only l0 per cent. In some cases, represented by the type C

8 The examination of the threshold weahh was suggested by the Edhor.

9 We are indebted to a referee for this point.
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farm in Table 1, farms are abandoned or sold for residential use. For fortu-
nate farmers, close to metropolitan areas, this is the preferred alternative.
Rising urban demand has increased the value of their property in the last
few years and, even if today's income from agriculture is low, they may
expect to be able to retire in comfortable conditions.

Another qualification concerns the structural assumptions of the analysis.
Of particular significance is the assumption that the parents do not assign

any weight in their utility to the bequest which may be left to their heirs
should they die relatively early. It is this assumption that distinguishes sharply
between self insurance for old age and a fair annuity arrangement. Even if
parents are loving and benevolent, they may well draw the line somewhere
and reserve a certain sum for their own old age. Our formulation is based

on this premise (an even stronger position emerges from the finding of Altonji
et al. (1997) that altruism is rejected as the major motive for inter-vivos
parental transfers).

By another simplifying assumption, the young couple was certain to live at
least to the age of 65 with essentially a constant and risk-free farm income
stream. In reality, farm families cannot assume such certainties, but incorpor-
ating more realistic assumptions into our analysis would have severely com-
plicated the presentation without adding significantly to the contents of the

discussion.
Where applicable, taxes are the major consideration in farm transfer and

families devote substantial efforts to their minimisation. Inheritance or sales

taxes would have affected the economics of the analysed farms in two ways.

First, the net value of the farm to the parents would have been lower and
their reservation utility smaller. The obvious implications are a reduced
farm surplus and smaller than no-tax values for both generations, particularly
the parents. The analysis in the paper would have been modified only quan-
titatively. Second, taxes may affect the mode and timing of transfer; an exam-
ple is the incorporation of the farm with gradual transfer of ownership. These
possibilities are outside the scope of the present analysis.
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Appendix A
Data were collected in the co-operative's accounting office of the sample village. Complete

data sets were available for 30 family farms for the Gyear period 1987-1992. The informa-

tion we used was on income (value added: farm revenue minus purchased inputs) and on

enterprise size measured by land area or by units of livestock. The contribution to
income and to its variance of each of the lines of production was estimated by the procedure

suggested by Just and Pope (1979). The regression estimating the income-generating func-

don was fonnulated as

Yit = .,o+f o;p,, + ri,
t=l

t K rl/2

l,il: ( af x{,,\' eu
\ r-ji /

(Al)

where X*i, is the size of the enterprise k (measured in units of livestock or area of land) in
fann i for year t and a1 is the constant income coefficient.

As proposed by Just and Pope ( 1979), the estimation was conducted in three stages (Table

Al): (i) expected income (first line of equations (Al)); (ii) contribution of farm enterprises to

variance of income (second line); (iii) second estimate of expected income with correction

lor heteroscedasticity. Year dummies were included in the regression for the first and the

third stage but the year effects were disregarded in the calculation of the residuals for the

second stage (the regression explaining eir), implying the assumption that these effects are

part of the risk creating variability in income.

The explanatory variables in (Al) and in the regressions in Table Al are measures of the

size offarm enterprises and not, as in the original Just and Pope (1979) formulation, factors
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Teble A1. Estimated regressions of farm income

First stage Second stage Third stage

Dcpendent variable

Intercept

Dairy

Cattle

Layers

Hatching eggs

Field crops

Fruits

Vegetables

Flowers

Adjusted R2

F-statistic

Income

- r4786

(0.930)

2470

(e.300)

t52
( I .s54)

-3.530
(0.4e4)

3.992

(0.e26)

99

(0.41e)

1322

(3. r0e)

l 307

( l .552)

_75

(0.0s3)

0.599

23.242

Income

-0.321
(0.435)

2136

(e. l 8e)

t75
( 1.684)

-2.3W
(0.384)

6.010

( I .5,16)

252

(0.944)

r354

(2.230\

877

(1.276)

875

(0.623)

0.557

19.769

Residuals

9.467

(2t.0s7)

-0.253
(1.5s2)

0.295

(l.5es)

0.420

(2.1 lo)

0.371

(2.&e)

0.064

4.W

Units: dairy and cattle - heads; poultry - 1000 heads; field crops, fruits. vegetables, and flowers - dunams

(l dunam = l/10 hectare). Income is gross value added (farm rcvenue minus purchased inputs) per farm in
December 1992 New Israeli Sheqels (NIS 2.764=US$ 1.00). The estrmated reglessions were equations (Al)
with 180 obscrvation (30 farms for 6 years). Year dummy vanables were included in the regression for the

first and the third stage (not rcportd). The coefficients of the fust and the third stage werc estimated in

linear regrcssions, the s€cond stage regression was double log (the reported intercept is lnB). Variables with

insigrificant coefficients were excluded from the second stage regression. , values are in parentheses.

of production. By the structural assumption of (Al), value added is additive and a linear
function of size. The variance, the second line of (Al), is treated differently. We have

assumed that risk (unexplained variability) may increase or decrease with size and that
covariance between enterprises need not be zero. An example of increasing risk is when a

comparatively larger enterprise is more easily aflicted by pests or disease; and an example

of decreasing risk is when operators with larger enterprises pay more attention to the minute

details of animal husbandry or agricultural needs. Similarly, with limited entrepreneurial
energy, the size of one enterprise may affect variability on the other lines on the farm. By

the findings in Table Al, the dairy enterprise rduc€s the unexplained variability of total
larm income, whereas field crops and fruit increase it.

Appendix B

The magnitudes reported in Tables 3 and 4 in the text are capitalised values. In general, the

discount factor of an economic enterprise is a weighted average of the cost of equity and the
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cost of borrowed funds. However, typical farms we examined in the sample village had no

business debts. Future income was, therefore, capitalised using the cost of equity capitai as

the discounting factor. This cost was calculated from outside information in two stages. In

the first, the rate of return on equity was estimated from aggregate industry level data in the

equation

ki: d* r(sdlV), (Bl)

in which k1 is cost of equity afi (sd I V) , is the coefficient of variation of income io industry i.

(The data were from Lieberman (1992): they covered eight non-agricultural industries and

the observations were annual averages, for the peiod 1971 -1988, ofreturns and their varia-

bility by industry in Israel.) The estimated r was0.2592 (t = 2.22); o was estimated as - 1.64

(, = -0.21), which may well have reflected negative real interest rates in the period of accel-

erating inflation for which the data were available (Kislev et al., l99l). It was therefore

replaced in equation (B2) below by the average real yield on index-linked government

bonds: 0.035 (3.5 per c€nt).

In (B l), Z is the capitalised value of the firms in the industry and sd is the standard devia-

tion of annual net earnings. This value is calculated as V : E f k, where E is the aunual net

earning stream, assumed constant. Substituting into (Bl) yields

k: 
| -*dlE'

The cost of equity capital, & in (B2), was calculated for the farm in the simulation from

earnings and variability data in Table I in the text using the estimated r parameter of equa-

tion (Bl), with o set equal to 0.035. The resulting k value was 4.73 per cent and it is shown

also in the first line of Table 2.
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Haruvi, Nava, and Kislev, Yoav-Cooperation in the Moshav

The moshav is a cooperative village in which members own and operate their farms

individually. The moshav supervises cooperative marketing of most of the farms'
products. But its most important function is as financial intermediary since its members

are handicapped when acting by themselves in the credit market' Despite occasional

intemal conllicts about the cooperative marketing, in the long run the moshav enhances

capital accumulation and income. This paper reports an empirical study ofcooperative

marketing, credit, and capital in the moshav. A dynamic model is developed and

estimates are presented. J. Comp. Econ., March 1984, 8(l), pp' 54-73. Faculty of
Agriculture, Hebrew University, Rehovot, Israel.

Journal of Economic Literature Classification Numbers: 052, 710.

1. INTRODUCTION AND SUMMARY

The moshav is a cooperative village, typically consisting of 40-80 households

that operate their own farms. Only members operate farms in the moshav

village and, by being members, they participate in all aspects of collective
action.2 Despite common structural traits, moshavim diffet widely in degree

and nature of cooperation. Some maintain joint cash management, central
planning and direction, and strong public services. Others are loosely organized

' This study is an extension of part of the doctoral dissertation of the first author (Haruvi,

1980). We are indebted to many colleagues, in particular to Claudia Dodge, Joel Guttman, Yakir
Plessner, Ezra Sadan, and Dov Weintraub for helpful discussions. Comments and suggestions

offered by Pinhas Zusman who read an earlier draft ofthe paper and by two anonymous referees

improved the present version significantly. The remaining erron and shortcomings are oun. The

study was supported by a gant from the United States-Israel (Binational) Agricultural Research

and Development Fund (BARD).
2 The identity of the cooperative and the village is maintained in practice. However, an attempt

to incorporate explicitly this identity into the law in Israel failed when a strong fraction in the

moshavim opposed what they saw as a potential breach of members' individual freedom. Par-

ticularly dangerous, in their view, was the possibility that a member expelled from the cooperative
will have to leave his home and livelihood in the village.

0 r47-s967184 $3.00
Copyright O 1984 by Academic Pm, Inc.

All rights of reproduction in any fom resryed.



COOPERATION IN THE MOSHAV

farm communities in which families operate individually farm and nonfarm
activities.

Histonc circumstances made the moshav the most prevalent form of socio-
economic organization in Israeli agriculture. In its early years Israel was

flooded with a large number of immigrating refugees who were incorporated
into a developing economy aided by outside capital, mostly channeled through
public agencies. The moshav, with its egalitarian principles, family operation,
mutual aid, and scale economies in services, was deemed the most suitable
institutional form for wide agricultural settlement because it prevented ac-

cumulation of national resources-land and capital-in the hands of a few

individuals. Most moshavim were established with public support and all
have been aided significantly by the government.

This paper is a report on a study of financial cooperation-the major
mode of cooperation in the moshav. The basis for financial cooperation is
joint marketing of farm products. The share of the value of output marketed
jointly is, therefore, taken in the paper as a measure of the degree of co-
operation. The operation of the moshav, the factors determining the degree

of joint marketing, and the conflict between the individual and the group
are discussed in the first part of the paper.

By improving the position of the moshav in the credit market, ftnancial
cooperation enhances capital intensity; capital intensity raises income and
the value of the member's time and, in turn, strengthens cooperation. These

mutual relations are the focus of the second part of the paper. A simple
dynamic model of capital and cooperation is developed and estimates are
presented.3 The dynamic interdependence of capital and cooperation raises

the issue of the stability of the cooperative in the moshav. This issue is of
particular practical relevance since in many moshavim cooperation is not
complete. The question posed is, therefore, whether partial cooperation is

stable or whether a moshav faces a dichotomy of either complete cooperation
or disintegration into separate family units. The conclusion reached in the
empirical analysis is that partial cooperation is stable. This conclusion is
qualified since it is based on observations on the operation of moshavim in
a period in which agriculture was actively assisted by the government, par-

ticularly through credit subsidies. It is not clear whether partial cooperation
can be maintained in a less supportive environment.

2. THE MOSHAV AS A COOPERATIVE

The first moshav was established in 192 1 and was based, from its inception,
on a clear, well-articulated and documented doctrine: maximum self-suffi-

3 Focusing on empirical investigation, we do not discuss structural issues of cooperation in

terms of groupdecision theory as, for example, in Olson (1977) or Zusman (forthcoming).
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ciency in food for the farin family, cooperation in services, mutual aid in
farm cultivation, exclusive family operation without hired labor or off-farm
work, democratic government of the cooperative (Weintraub et al., 1969;
Baldwin, 1972).Eighty moshavim were established before the creation of the
State of Israel in 1948. More than 300 have been added since, the majority
in the early 1950s. The prestate settlers were, as a rule, ideologcally motivated;
the majority were immigrants from Eastern Europe. Most of the "young"
(post-1948) villages were populated by newcomers from Middle Eastern
countries, directed to the moshav upon arrival in the country, with no prior
preparation in agriculture and lacking ideological commitment to cooperation.

Being both an economic cooperative and a village, the moshav offers mu-
nicipal services as well as marketing, supply facilities, and technical services
such as a pool of farm equipment or grain storage. In addition to the privately
run farms, most moshavim operate a joint agricultural enterprise-field crops
in many villages, or orchards if distance to available land makes individual
cultivation too costly. The cooperative organization of the moshav is supported
by the economic environment in which it functions. Moshavim cultivate
national land that is allotted to the village and subdivided among members
according to detailed regulations: the plots must be of equal size, they cannot
be subdivided, and only one son can continue on the father's farm. Water
and production quotas (recently in milk and poultry) are also distributed
nationally at the village level and realloted to individual members by the
cooperative.

The moshavim are organized in several "settlement movements," each
associated with a political party. The movements represent the interest of
the moshavim in the political arena and attempt to guide the individual
moshav in cooperative life-style. Economically, the moshavim are members
of regional "bu-ving organizations" that centrally purchase farm supplies and
consumer goods for the village members and operate processing plants, trans-
portation services, and credit facilities. The buying organizations and their
subsidiaries sell to village cooperatives and collect payments for products
marketed through the cooperatives; they seldom deal directly with individual
farmers, thus strengthening cooperation in the moshav.

3. FINANCE

The cooperative in the moshav acts as a financial intermediary that receives
credit and distributes it among its members. There are many advantages to
financial cooperation. National land cannot be used as credit security by the
individual member and the bank cannot repossess the farm in case of failure
to repay.a The village functions as a riskpool. Lenders, including banks and

a Membership in a moshav can be transferred, but the cooperative has to approve the new
member. A farm cannot be transferred to a commercial concern.
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regional organizatio4s, prefer to operate at the village level. Private dealers,

mostly wholesalers of farm products, may supply short-term credit directly
to members in need against the coming crop. They probably can enforce

repayment by methods that banks and cooperatives would not follow. How-
ever, private dealers will naturally not be able to match the terms of subsidized,
particularly long-term, credit and will not finance investment in structures

and equipment. Sole reliance on private sources will severely restrict the

volume of f,nance to the moshav farms.
The operation of the cooperative as a financial intermediary greatly sim-

plifies mutual aid within the moshav. Assistance to a member in distress,

which was based in the past on actual work on the member's farm, now
takes the form of sharing the financial burden.s Furthermore, members are

allowed to draw on their credit in the cooperative in periods of lower income.6

In some cases the moshav may also decide to contribute from its own Sources

in the development of a new enterprise on a member's farm.
By acting as a financial intermediary, the success of the moshav depends

on its credit standing, which depends. in turn. on the cooperation of the

members. Moshavim often pledge their crops as collateral for credit. The
onll w,a1'the cooperative can be sure of timely repayments is when marketing
is actualll done through its offices; then debts are simply deducted from the

member's market revenue. This explains the critical role of cooperative mar-
keting in the moshav. Without joint marketing the moshav cannot operate

as a financial intermediar]'. that is. it cannot function as a cooperative. On
the other hand. the higher the degree of cooperation in marketing, the better
the credit standing of the moshav. and the easier capital accumulation be-

comes. Cooperation enhances capital intensity.
The moshav can, within limits. encourage cooperation and protect itself

against moral hazards. It is customary. for example. to supply feed on credit
in proportion to livestock products marketed through the cooperative' But
members may choose low levels of utilization of village services and only
partial participation in joint marketing. Moreover. once a member has ac-

cumulated debt and reduced his participation, the power of the moshirv to
enforce repayment is limited and legal actions are costly. financially and

5 The bylaws of the moshav. suggested in 1951 b-v the largest movement. stated under the title

of Mutual Aid: "Every member shall cultivate his farm himself with the assistance of members

of his family and he shall not employ hired laborers. The cooperative shall assign another member

to help in case of illness. Members shall be assigned according to a given order" (our t.anslation).

No mention of mutual aid in labor appears in more recent regulations of moshavim. (We are

indebted to P. Zusman for this reference.)
6 The marginal propensity to consume estimated lrom a cross section of families in moshavim

was 0.293 (Arbel, 1973). This value is much lower than all the estimates for urban families in
Israel and reflects maintenance of similar levels of consumption despite income variations in
households in moshavim.
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socially. As a result, marketing in moshavim is seldom completely cooperative
and conflicts may arise between the cooperative and the members who have
incentives to market privately. We turn now to a schematic analysis of these
conflicts.

4. THE INDIVIDUAL AND THE COOPERATIVE

This section outlines a schematic single-period modelT of the behavior of
the cooperative and the individual member with particular attention to fi-
nancial intermediation and joint marketing. Time requirement of private
dealing in the product and input markets plays a major role in our analysis.
Private marketing will therefore be made a function of labor devoted to this
activity. We first disregard labor requirements of private market dealings.
Basically, the analysis of product allocation to private and cooperative mar-
keting is analogous to the analysis of effort allocation in labor cooperatives
(Sen, 1966; Israelsen, 1980). The reader will recognize lines of similarity.

A. The Model

Output of farm i, y;, is a function of labor. L;. andcapital, K;,

Yi: .f(Ki, L) (l)

and, disregarding hired labor and oflfarm employment, we assume Z; : const.
We also assume constant and identical variable cost Z per farm.

Capital in production is the initial amount, K6;, plus investment, which
is assumed for the purpose of the present analysis equal to borrowing, .B;,

K,:Koi*Bi

The farmer markets q, percent of his product through the cooperative and
si : 1 - q; privately. Some products are more easily sold privately (calves,

cut flowers to local markets), and farmers may secure individually better
prices. On the other hand, subsidies (recently in milk and poultry) are paid
only through certified dealers and are mostly limited to cooperative marketing.
Other products are marketed jointly for technical reasons: milk, for example,
is collected by the tanker only in the village station. To reflect the differential
advantages of private and cooperative marketing for various products we
assume a constant pice p. for joint marketing, disregarding the possibility
of economies of scale, and a variable price p;(s;) for private marketing, this
price being a decreasing function of s;.

? We disregard consumption, saving, capital accumulation, risk in production and in financial
operations. Some of these issues are discussed below, but a complete theoretical analysis of the
moshav is outside the scope ofthe present discussion.

(2)
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The value of private and joint cooperative marketing for farmer i is, re-

spectively,
Ii: sipi!)f(Ko, + 8,, L,),

Qi: eip,-f (Koi + Bi, Li)
and for the moshav

I": Z Ii

Q,: Z Q,

B,: Z Bi, @)

where the summation is on all i (i : l, . . . , n).

Borrowing is through the cooperative which faces an upward sloping supply
curve of credit with average rate of interest, r, a function of both borrowing
and the moshav's cooperative revenue:

r : r(8,, Q) (5)

with partial derivatives 16 ) 0, ra < 0.Increased joint revenue augments risk
pooling and reduces the risk of lending to the moshav.

Although efficiency consideration would dictate that cooperatives charge

their members the maryinal rate of interest, most moshavim follow the pa-

tronage principle and charge the average rate. There are several reasons for
this seemingly suboptimal policy: it is comparatively simple to administer,
it looks 'Just," and it permits indirect mutual aid-farmers in distress can

expand their borrowing at a rate that may often be lower than the social cost
of credit. We shall also assume here that members in debt are charged the
average rate (and members holding financial reserves in the cooperative are
paid the average rate). This assumption will not alter the conclusion of our
analysis.

B. Analysis

We first assume centralized allocation (Sen, 1966). The moshav's "GNP,"
net of interest payments. is

G,: I, + Q" - nV - r(8,, Q)8,. (6)

Maximizing with respect to the two farm-level control variables, .B; and J;,

we get from the first-order conditions (/5 is the partial derivative ofl(') with
respect to Ki):

-f*ls,p,(s,)* qip"l: rl B,(rp* rqeip"fx), Q)

pi(s) + sipi(s) : p"(l - roB"). (8)

Equations (7) and (8) are the conditions for maximum social income in the
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moshav. There are n pairs of such equations, a pair for each farm. We assume
that internal solutions exist.

Alternatively, taking the individual member's point of view and assuming
voluntary allocation, income on the farm is

Gi: Ii t Q, - V - r(8,, Q,)81 (9)

and maximizing with respect to ,Bi and s; we get for each farmer

and

Equations ( 10) and ( 1 1 ) define the conditions for maximum income on farm
i, disregarding externalities-the effect of the action of a farmer on other
members in the moshav-or, in Sen's (1966) terminology, assuming zero
sympathy.

The left-hand side in Eqs. (7) and (10) is the value of the marginal product
of capital on the farm, valued at the average (weighted) price. The right-hand
side is the maryinal cost of credit-in Eq. (7) the marginal cost to the moshav,
in Eq. (10) the cost to farmer i. Since ra> 0, and rq < 0, the maryinal cost
can be either higher or lower than average cost. when the effect of capital
accumulation and production expansion on lowering the cost of credit out-
weighs the effect of borrowing on raising this cost, r decreases with borrowing.
optimal credit under centralized allocation will then be higher than under
voluntary allocation. This possibility is plausible. There are moshavim in
which officers encourage members to invest and expand, explaining that ..it
will be good for e'eryone." Under different circumstances, the individual
member ma1' borrow "too much" from the social point of view.

Equations (8) and (11) determine the optimum s;. The maryinal price of
individual marketing is equated to the marginal price of cooperative marketing.
The last term incorporates the lowering effect of expanded joint marketing
on cost of credit. As.B; < 8., individual marketing under voluntary allocation
exceeds the social optimum. The interests of member and cooperative are,
at least partly. in conflict.

C. Labor in hfarketing

The major hypothesis of our study is that private marketing (and purchase
of inputs) is time-consuming and is affected, therefore, by the member's
valuation of his time. To incorporate this aspect in the analysis, we adopt
the schematic assumption that the share of private marketing is equal to the
percentage of labor input devoted to this activity.

Normalize labor in such a way that the total amount of labor on the farm
equals unity (r : I ). Let r; be the amount of labor in agricultural production

l^{s,p,(s) * qip,l: rl Bi(r6+ rqQip"fx)

pij) + srpl(s) : p,(l - roB).

(10)

(11)
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on farm i, and now write s; : | - Li-labor devoted to private marketing.
The shares of farm product marketed individually and jointly are si : | * L
and Li, respectively:

Ii: sipi!i)f(Ks1 * Bi, L1),

Qi: Lip,.f(Koi+ Bi, L).

Total values of marketed product at the moshav level, 1,, Q, are defined as

in (4) with Z, replacing qi; the moshav's and the farm's "GNP" are defined,
similarly. as in (6) and (9), respectively.

Maximizing G. and G, with respect to ,B,, we get from the first-order
condition expressions that are identical to Eqs. (7) and (10). Maximizing
with respect to 1,. we get at the moshav level (/a is the derivative of /(. )
with respect to l;):

frfs,p,(s,) * Lip,f - rqp,l.f(Ki, L) + LifLlB,

: .f(K,, L,)[p,(s,) - p, t srpi(s)]. (12)

The expression forthe individual farmer is identical to (12), except that B.
is repiaced b1, B;.

The left-hand side in (12) is positive since rB < 0 and all other terms in
this expression are positive. The first term on the left. .f,_[ 

. ], is the value of
the marginal product of a unit of labor on the farm-a unit shifted from
marketing to agricultural production; the second lerm, rqpcl.].B.. is the value
to the moshav of the reduction in interest payments due to increased joint
marketing on farm i. The additions to the product marketed cooperativel-v
comes from two sources: the withdrawal of one unit of labor from individual
marketing increases cooperative marketing by .f(Ki,I,) and this same unit
of labor also contributes to production on the farm .ft, of which Lifl are
marketed through the cooperative. The term on the nght-hand side of (12)
(in the second line) is the marginal revenue of the farm-marginal with
respect to a unit of labor withdrawn from private marketing.

Again, assuming internal solutions, since B. > ,8,. optimal cooperative
marketing from the social point of view exceeds the optimum from the
individual perspective. We are interested in the effect of capital accumulation
on the share of cooperative marketing. This effect can be positive or negative.
Capital accumulation will shift both sides of (12). The net effect is subject
to empirical investigation, which is attempted in the empirical sections to
follow. We start with a description of the data utilized in the study.

5. THE SAMPLE

Commonly, moshavim are divided in Israel according to period of foun-
dation: established moshavim settled before 1948: young moshavim settled

6l
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after statehood. Another division, utilized in this study, is between developed
and developing moshavim. This division is in accordance with administrative
practices but it also reflects the age and level of economic development. The
developing moshavim are all "young" and all the "established" villages are
included among the developed group.

The data, available at the moshav level, were mostly utilized in the study
as averages per farm.e The most complete information was for 1976 and the
sample is for this year. Included are 249 villages, I 15 developing and 134

developed moshavim, but certain information was available only for part of
the sample. Only 95 developing moshavim are therefore included in the data
base for the regressions reported. Excluded from the sample were moshavim
for which reliable data were not available. In some cases these may have
been less well-organized communities whose exclusion might have biased
the sample somewhat in favor of higher levels of cooperation. We do not
know the extent of this possible bias.

Some of the attributes of the moshavim in the sample are reported in
Table l. For easier reference, averages were converted to dollars at the 1976
exchange rate ($l : 7.94IL). Output per farm in the developed moshavim
is almost twice as high as in the developing villages, despite lower levels of
value of capital per farm.10 The share of farm enterprises run directly by the
cooperative (not including village services) is higher in the developing mosha-
vim, which are less efficient in utilizing productive resources. The discrepancy
is partly due to a different natural environment: 5lVo of the developing mo-
shavim are located in the hilly regions of the country, as against 9Ea of the
developed moshavim. Cooperation, defined as the share of farm product
marketed by or revenue passed through the offices of the moshav, was 65
and 727o of output. respectively, in the subsamples of the developing and
developed moshavim.

Some economic characteristics associated with cooperation are reported
in the iast part of the table. A moshav is deftned as a livestock-type if more
than 507o of the village output is from livestock enterprises. Of the developing
moshavim, l.8Vo are populated by Western families; the rest are of Eastern
origin. The efficiency of the village services was studied in a survey conducted
by the extension service.lr Thirty percent of the moshavim in the sector were

8 Developing moshavim are associated with the Jewish Agency, developed with the Ministry
of Agriculture.

e A detailed description ofthe data and sources appears in Haruvi (1980) and can be obtained
from her.

'0 Capital in the developing moshavim was estimated by the extension service; capital in the
developed group was estimated by us. It may be that the procedures used to construct the two
measures are not exactly identical.

rr Extension officers graded the services as good, bad, or ol intermediate quality. We took the
"good" as being efficient.
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TABLE I

THE SAMPLE_AVERAGE VALUES
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Moshavim in the sample Developing Developed All

Number of moshavim
Number of farms per moshav
Value of output per farm (lL)

(US dollar)
Value added per farm (IL)

(US dotlar)
Farm capital (lL)

(US dollar)
Share ol cooperative farm enterprise' (%)

In output
In value added

Cooperation-products marketed through the

cooperative as percent of total value

of output
Family farms
The village

Structural characteristics (percent)

Farm t-vpe-livestock
Ethnic origin-Western
Region-hilly
Moshavim with efficient village services

Inequality (coelicient of variation of
output in famil-v farms. in percent)

134 249
78 ',70

214,500 174,000
(27,015) (21,91s)
73,300 59,700
(9,230) (7,524\

267,200 278,900
(33,652) (35,12s)

l4
18

'72 69
74 '13

62
49
28

l15
60

I 30,600
( l 6,4s0)
45,200
(5,690)

292,700
(36,805)

20
26

65

72

58

l8
5l
30

88

ll
l4

65

76

9

' The agricultural production enterprise run b1'the cooperativei in many cases, distant orchards

or field crops. See text for description of olher rariables.

regarded as having efficient services. As a measure of inequality we propose

to use the value of the coefficient of variation of output. This coefficient
averaged 887o for the developing moshavim. (The data are not available to
calculate the coefficient for the developed moshavim.)

Average flows of long- and short-term credit, indicators of financial activity,
are reported in Table 2 for developing and developed moshavim. Government-
or Jewish Agency-subsidized credit is grouped under the heading of"directed
finance." The rest is commercial credit.

6. STRUCTURAL ATTRIBUTES

Moshavim vary widely by social, ideological, and economic attributes, all
of which affect cooperation. In the next section we present a simultaneous-
equations model of the joint determination of cooperation and capital in-
tensity. Since the two variables are deterrnined simultaneously, cooperation
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TABLE 2

FTNANCIAL Fr-ows, 1976o

Long term

Directed
finance'

Own
finance'

Short-term
financeInvestment

Developing moshavim
Value (IL)
(U. S. dollar)
Share (percent)

Developed moshavim
Value (lL)
(U. S. dollar)
Share (percent)

18,000
(2,267)

66

l 3,700
(t,725)

46

9,400
(1,184)

34

I 6,100
(2,028)

54

27,400
(3,45 r )

100

29,800
(3,753)

r00

34,900
(4,39s)

38,600
(4.86 1)

o Average per farm in the moshav,
b Includes credit and subsidies by govemment and the Jewish Agenc1..

'Including savings and short-run commercial (nonsubsidized) credit.

and the amount of capital are highly correlated; factors that affect one of the
variables also affect the other. Moreover, the effect of most of the structural
attributes was obscured in the simultaneous-equations analysis. The discussion
in this section is therefore limited to ordinary least squares and the estimates
are taken as measures of association.

cooperation is a form of social behavior that is difficult to police. The
power of the officers of the moshav to enforce cooperative action is limited.
The legitimac-v of sanctions is greatly affected by the standards and interests
of the groups. which vary widely across the moshavim. Individual members
can often be motivated to act privately. Hence the importance of the struc-
tural-social and economic-factors that enhance cooperation. we shall
discuss a few of them.

Income. The higher the income of the member of the moshav, the higher
the alternative cost of his time. In the sample, higher income is associated
with higher levels of schooling and a higher degree of modernization (Sadan
and weintraub, 1980), factors which themselves affect the member's com-
prehension of the advantages of cooperation.

Product composition. Products differ in suitability for individual or co-
operative marketing. In the long run farm structure and product composition
may be affected by the willingness to cooperate; in the short run the causation
goes from product composition to cooperation.

Income distribution. A homogeneous moshav is stronger socially. If, on
the other hand, comparatively large income differences exist, coordination
and compromises are harder to achieve.
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Ethnic origin. Moshavim with "European" settlers, who joined, in most

cases, at their own initiative and were often ideologically motivated, can be

expected to maintain stronger cooperation than communities populated by

immigrants from Middle Eastern countries.
Eficiency of services. When the cooperative is run well, members are

encouraged to use its services and to trust its officers.
Table 3 summarizes the association between structural attributes and the

degree of cooperation. Availability of data limits the analysis to the sector

of the developing moshavim. By regression 1, an increase of 1000 IL in the

value of output per farm, a proxy for income, is associated with an increase

of 0. I 3 57o in the share of cooperative marketing. The value of this parameter

is somewhat lower in the other regressions. As hypothesized, inequality iS

associated with reduced cooperation in the estimates of Table 3, while effi-

ciency in village services is associated with higher levels of cooperation. The

coefficient of ethnic origin is insignificant, perhaps due to insufficient variation

of this factor in the subsample. Region and farm type are correlated: the

hilly moshavim tend to have more orchards (deciduous fruits, mostly), quite

often run jointly due to distance from the village; and typically they do not
have dairy enterprises. As the findings indicate, the variable "region" is stronger

than our farm-type classification in explaining cooperation; with region in-
cluded in the regression, the influence of farm type is insignificant. In the

long run, farm type (product composition) may be affected by wiilingness

to cooperate. In the short run, the chain of causation runs from farm type

to cooperation. But to the extent that farm type is influenced by geographical

considerations, it is an exogenous variable, which will not be affected by

cooperation, even in the long run.

7. CAPITAL AND COOPERATION

Two factors affect the capital-labor ratio in the moshavim' The first is the
general process of capital accumulation in the individual farms in reaction

to increases in nonfarm income. Farmers either increase the amount of re-

sources at their command or give up farming (Kislev and Peterson. 1982).

It also often happens that exit from agriculture is incomplete. in which case

the share of part-time farming increases.

The second factor is the process of mutual development of capital and

cooperation. Cooperation improves credit and increases capital intensity.
Higher capital-labor ratios increase income and the cost of self-service in
marketing and procurements. It also increases the share of capital-intensive
enterprises, the products of some of which are more conveniently marketed

cooperatively.
However, despite past capital accumulation in agriculture, cooperation is

not complete. Evidently structural attributes prevented complete cooperation.

65



HARUVI AND KISLEV

TABLE 3

STNUCTUNEI ATTRIBUTES ANO COOPENETION, DEVELOPING MOSHAVIM

Regression

R2
l. Intercept

2. Output

3. Inequality

4. Village services-efficient

5. Ethnic origin-Western

6. Region-hilly

7. Farm types
Field crops

Orchards

0.29 0.41

64.99 ss.67
(12.94) (ll.lt)

0. 13 0.073
(4.33) (2.33)

-14.35 -6.06(3.42) ( L43)

9.15 8.33
(2. r9) (2.r5)

*3.46 -0.65(-0.73) (-0. l4)

0. l5
53.91

(12.33)

0.135
(4.33)

0.28
48.86

(10.05)

0.121
(4.28)

0.42
55.53
(9.8 l )

0.076
(2.53)

-5.83
(1.37)

8.72
(2.22)

-0.98
(-0.23)

l 5.36
(3.00)

18.30
(4.06)

0.62 -1.46
(0. l3) (0.33)
16.37 3.53
(3.72) (0.66)

Notes. obsen'alions are averages per farm in the moshav. output and cooperation, for the
moshav as a rvhole, include members' larms and the cooperative enterprise. Dependent variable:
share of value of product marketed cooperatively (in percent). Independent variables: output-
value of average output in the moshav ('000 IL); inequality-coefficient of variation of output
in family farms in the moshav. Dummy variables: village services-l = efficient, 0 : inefficient;
ethnic origin-l = Western,0 = Eastern; region-l : hilly,0 = others; farm type*l = 6eld
crops or orchards, 0 : livestock. The regressions are linear. , ratios are in parentheses.

Also, with better roads and communication, self-service in marketing and
procurement may be more efficient. The effect of economic gowth was thus
both to increase and to decrease the incentive to cooperate. The crucial
structural issue is the question of stability; namely, is the growth process of
capital-cooperation stable or should we expect a complete breakdown of
cooperation in the labor-intensive villages? In an attempt to examine this
issue empirically we propose the following dynamic model. The model is
restricted to conform with the available data-a single cross section.
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Let us define
q degree of cooperation (share of joint marketing, 0 < q < 1)

K capital on the farm
C long-term credit

' ,S short-term credit and saving
D depreciation of capital.

Since all variables are moshav-specifrc, the moshav index (or subscript) is

omitted. Time differences are defined as Ax, : Xt+r - x, for any variable x.
Cooperation is a function of capital and structural variables (in the intercept)

67

q,: a* bK, a,b>0.
Long-term credit is a function of capital and cooperation

C,:c*eq,-lfK, e,f>0.
Saving and short-term credit (a single variable in the data) are also functions
ofqandK

St= h* gq,* sK, g>0,0 <s< l.

Depreciation is a function of the capital stock:

By construction,
D,:dK, 0<d<1.

K,*t:Kt+Ct*S,-D,.
Equations ( 13)-( l7) constitute lhe dynamic model of our analysis. Rewriting
(t7),

L.K,: c* h*a(e +g)+ K,(b(e+ d+f + s- d) (18)

from which one derives

( 13)

(14)

( 15)

( l6)

(r7)

where

From (19),

K,*r=Kr+A.Ki,

=B*AK,,

A:t+b(e+d+f+s-d\
B=c*h+a(e+g).

x,: B(1.- 
A.') * ,,*0.' \t-Al

B / B \: 
t-A+lI(Ko- t-^)

( 1e)

(20)

In equilibrium, under the present assumptions, LK,:0 and K,*1 : K,;
then, Eq. ( 19) can be rewritten as K : B l0 - l). The possible equilibrium
values of capital, K, are
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R: ,r-t

t*A
:0

B

for A: l

-Btor0< .A<lt-A
B

rt _{0. (21)t-A
The last line in (2 1 ) indicates that actual capital cannot be negative; calculated
equilibrium values can be. The equilibrium value of capital is further limited
by the fact that cooperation is a positive magnitude. The calculated equilibrium
value of cooperation equals

q:a+bK (22)

and since, from 0 < q < 1, capital is constrained, 0 < K< (t - a)/b.
Substitute f< into 120;:

K,:R+At(Ko-R),

A.K,:1nr'-l'11Xo-R1.

At+t-Atz0 ifl= 1,

and

Notice that

(23)

(24)

(2s)

which implies the following interpretation of (23) and (24).If O < A < t,
equilibrium is stable. K will converge in the long run to K and cooperation
to Q :, + bK. The equilibrium is unsrable if A > t.Then. ifKs < R. capital
will grow and cooperation will develop to compietion. If, on the other hand,
Ki < K, capital and cooperation will both continuously decline. It is also
useful to note that

Azl asb(e*g)+f+sad. (26)

This means that ifthe rates of increase of saving and credit due to cooperation
and capital intensity add up to more than the rate of depreciation, equilibrium
is unstable and the solution diverges either to complete cooperation or to its
breakdown.

8. ESTIMATES

Past capital accumulation and degree of cooperation can be taken as ex-
ogenous in determining credit availability. Therefore, Eqs. (14) and (15) of
the dynamic model-the long- and short-term borrowing-are estimated by
ordinary least squares. Equation ( l3) is estimated in a simultaneous-equations
model to be detailed below. Data on depreciation of capital, Eq. (16), are
not available; we have assurned that d : 0. 15 for the calculations in the
present section.
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The model is estimated for each subsample separately and for the sample

as a whole. The OLS estimates of Eqs. (14) and (15) are reported in Table

4. Cooperation affects positively finance in all the regressions reported in
Table 4. The estimates of the coefficient of capital in regressions I and 2 are

insignificant. This may be a reflection of the effect of the support of public
agencies in the sector of the developing villages which comes mostly in the
form of subsidized finance and is biased in favor of the weaker, relatively
capital-poor moshavim. In comparison, the significant and strong effect of
cooperation in these regressions may be interpreted to indicate that the better
organized moshavim make better use of opportunities offered by the public
agencies and by commercial financial institutions.

To incorporate simultaneity of size of capital and cooperation we suggest

the following two-equation model (other variables will be added below):
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Q:ar+blKlc10, le,

K:az*b2q-lc20plu,
in w.hich the newly defined variables are 0r,0r, c,, c2, vectors ofexogenous
variables: the corresponding coefficients e, il are error variables. The common
exogenous variables in 0n and 0p aie farm type and geographic location

TABLE 4

SHoRr- A\D Lo\G-TERM FINANCE-EQUATIoNS (14) A.\o (15)

Regression

(27)

(28)

Der eloping
moshavim

Der eloped

moshar im
Whole
umple Parameten

in the
model

Dependent

variable

R2

Intercept

Cooperation

Capital

Subsample
(dummy.

developed = l)

CS
0. 14 0.04

-26.t 3.99
(-1.62) (0.38)

0.64 0.22
(3.20) ( r.6e)
0.008 -0.032
(0.14) (-0.96)

CS
0.16 0.19

-r.15 7.37
(-0.r5) (l.0l)

0.20 0. 13

/) l)r rl 5)r

0.022 0.026
(4.23\ (5.30)

CS
0. 1l 0.10

-12.i7 -6.02
( t.,17) (-r.03)

0.37 0. r l
(3.77) (1.71)

0.021 0.023
(3.37) (4.03)

-2.61 t4.46
( 1.01) (5.60)

s

h

e

Note-i. Dependent variables: C-long-term finance in IL per farm: S-short-tem finance and farm savings

in IL per fam. Independent variables: (t) Cooperation-share of product marketed cooperatively (7o), (2)

capital-net value ofcapital per fam in IL. Obseruations are for 1976, at the moshav level, for the village as

a whole. including the cooperative enterprise. I ratios are in parentheses.
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(region) of the moshav. Specific variables are ethnic origin, affecting only
cooperation, and the age of the moshav (years from establishment) affecting,
by assumption, only the amount of accumulated capital.

Equation (27) is the empirical formulation of the earlier Eq. (13) in which
the exogenous variables were represented by the intercept a. Second-stage
estimates of Eq. (27) are reported in Table 5. The coefficient of capital is
significant in regressions 4 and 6. Estimates from these regressions are therefore
utilized in the analysis that follows.

By Eqs. (21) and (24), the long-run behavior of the system depends on
the magnitudes of the parameters I and ,8. As we have seen, if A > l, the
system is unstable; cooperation and capital in the moshav will tend to either
grow to completion or decline to zero. The value of a that maintains
A < I can be consistent with a stable long-run equilibrium of above zero
but less than complete cooperation.

TABLE 5

CeprrnL eNo CooprnauoN-EeuATroN (27)

Regression

Developing
moshavim

Developed
moshavim

Whole
sample Parameters

in the
model

R2

Intercept

Capital

Ethnic ongrn

Farm type

Region

Subsample
(dummy,
developed : l)

0.36 0.37
97 .90 7 4.37
(0.08) (3.16)

-0.t76 -0.07'1
(-0.30) (-0.84)

r.r9 0.72
(0.re) (0.r3)

13.41 10.77
(0.e r ) (2.28)

34.1t 27.63
(0.e0) (3.87)

0.08 0.1 l
59.37 56. 19

(9.17) (10.16)

0.009 0.02s
(0.44) (2.08)

6.83 4.7 4
( 1.21) (0.e0)

8.56 8.72
( r.96) (2.04)

14.49 17.29
( r.73) (2.22)

0.20 0.22
5 r.59 47.73
(8.68) (10.84)

0.01l 0.026
(0.6 r ) (2.36)

5.66 3.80
( 1 .4 1) (0.99)

8.62 8.54
(2.8 r) (2.82)

20.52 20.28
(5.38) (s.37)

7.'.72 9.09
( r.e4) (2.39)

rVoles. Dependent variable-cooperation. Regressions are two-stage estimates of the model's
Eq. (27). Estimates are for the whole sample. Qualitative variables are included as dummies:
Ethnic origin-l = Western, 0 : Eastern; Farm type-l : livestock, 0 : others; Region-l
: hilly, 0 : other. Settlement movements are included as dummy variables in the first stage of
the estimation procedure in regressions 2, 4, and 6.
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The calculated equilibrium values of capital, & and cooperation, 4-, are
reported in Table 6 for several cases. The values are calculated utilizing the
estimated parameters of Table 4 and of regressions 2, 4, and 6 of Table 5.

Examples of the calculations are explained in the notes to Table 6. The
calculated values of A and its standard deviation are also reported in Table
6. In all cases 0 < A < 1, indicating stable equilibrium.

According to Table 6, the long-run equilibrium value for cooperation in
developing moshavim (by regression 2 of Table 5), of Eastern origin, non-
livestock farms and nonhilly regions, is 0.61. That is, in the average moshav
of these characteristics, 6lVo of the farm product will be marketed cooper-
atively. In the same line, in Table 6, a developing moshav of Western origin,
with livestock-type farms and located in the hilly regions will typically market
cooperatively 91% of the farm output. Cooperation will be, by our calculation,
much higher in the last case, mostly because of the exogenous conditions
encouraging it-region and farm type.

9. SUMMARY

Cooperation has many economic advantages and the principles of the
moshav fit well the prevailing ideas on the desired land-tenure system and
sectoral structure of agriculture in Israel. However, a deteriorating cooperative
can be extremely costiy to its members. If farmers gradually cease to market
through the cooperative, yet attempt, as long as they can, to rely on its service
facilities and credit, the cooperative will sink into debt. Since the cooperative
is run separately from the individual farm, information is seldom complete
and members rarely realize the full severity of the economic difficulty their
moshav may face. If, as a result of these difficulties the cooperative will have
to be dissolved, members will find themselves shouldering their shares in a

debt much exceeding the size they anticipated or their ability to pay from
their farm income.

TABLE 6A

Calcuurso VrLurs: THE PARAMETER ,4 AND Its S-r.q.NoA.RD DEVIATToN

o(A)

7l

Developing moshavim
Regression 2

Regression 6

Developed moshavim
Regression 4

Regression 6

0.760
0.9t2

0.906
0.9t2

0.054
0.01 I

0.034
0.011
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TABLE 6B

EQUILIBRIUM VALUES oF CAPITAL AND CooPERATIoN

2

Ethnic origin
(Western)

Farm type (livestock)
Region (hilly)
Developing moshavim

(regression 2)

R
s

Developing moshavim
(regression 6)

R
q

Developed moshavim
(regression 4)

R
s

Developed moshavim
(regression 6)

Yes Yes
No Yes
No No

t76.90 224.95

0.61 0.71

80.21 127 .7'1

0.54 0.63

280.06 3 10.63

0.68 0.'77

264.80 3 12.36

0.68 0.77

No
No
Yes

Yes
No
Yes

Yes
Yes
Yes

273.33 275.84 323.96
0.81 0.81 0.91

171.97 193.13 240.69
0.72 0.77 0.87

324.12 340.76 371.83
0.82 0.87 0.96

356.58 377.73 425.28
0.86 0.91 1.00

R
s

No
No
No

174.32
0.61

59.05
0.40

263.42
0.63

243.64

0.63

Nores. Equilibrium value ofcapital is calculated asi : Al( - A), as in Eq. (21). Cooperation
is calculated by (22): i : a * bk. The parameters A and B are calculated according to Eq. (19)
where the parameters are the estimated values reported in Table 4 and in the indicated regressions

of Table 5. Two examplgs of this calculation are given:

(l) The first value of k in column I is calculated as

.1 :0.760: l - 0.077(0.64 +0.22) + 0.008 - 0.032 - 0.15;

B : 41.838 : -26.fi + 3.99 +',74.37(0.64 + 0.22):

R: t74.32 = 41.838/(r - 0.760).

(2) In the flrst value of column 2, the estimate of the dummy for the Western ethnic origin
in regression 2 in Table 5 is added to the intercept, the parameter a. Accordingly,

B : 42.457 - -26.11 + 3.99 + (74.37 + 0.72)(0.64 + 0.22):

R = ti6.9o:42.4s710 - 0.760).

Similarly for other values.

The dangers of economic entanglements call for close monitoring of the
operation of the moshav, both by its own omcers and members and by its
creditors and public mentors. Effective monitoring is based on thorough
understanding of the monitored system. The finding that partial cooperation
can be stable can assist in evaluating the economic situation of a moshav.
Needless to say, even ifour study contributed to better understanding ofthe
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functioning of the moshav, we are still far from complete identification of
the social and economic determinants of cooperation and its success.
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\ABSTRACT 

1 

Feinerman, E. and Kislev, Y., 1991. Agricultural settlement with joint production services. 
Agric. Econ., 6: 1-13. 

A theory of settlement planning focussing on village-level production services is pre
sented, and settlement plans are compared. The analysis draws on the modern theory of 
local public goods. Conditions for optimal level of services and optimum settlement size are 
derived, together with rules of finance of collective operations. The value of the right to 
settle is calculated for the cases considered. 

INTRODUCTION 

Economic development in rural areas sometimes requires settlement or 
resettlement. Examples are opening of new land, developing of irrigation 
schemes, or moving farmers when dams flood arable land. Settlements are 
centers of economic activity; they are often villages, but scattered home
steads also exist. Whatever the spatial structure of the settlements, and 
whether they are planned or develop spontaneously, their size, distribution, 
structure and functioning are affected by economic forces. In the past, a 
major consideration was geographic distribution, and settlements were 
planned to minimize distance to the cultivated plots. Today, distance is no 
longer an over-riding consideration: more important are the services pro
vided. We concentrate on production services. To exploit scale economies, 
the services are often supplied publicly. But these economies may be 
exhausted, and the average cost curves of the services are generally 
U-shaped. This is the rationale for the existence of separate local commu
nities - villages in our case. 

0169-5150j91j$03.50 © 1991 - Elsevier Science Publishers B.V. All rights reserved 
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The historic example of village-level public services is the management 
of grazing 'commons'. Among the recently described examples relevant to 
our discussion are the FELDA land-settlement program in Malaysia, the 
Lilongwe land-development program in Malawi (Kirsch et al., 1980), and 
the specialized agricultural cooperatives in Egypt (Rochin and Grossman, 
1987). 

The example we are more familiar with is the 'moshav' in Israel 
(Zusman, 1988), a cooperative village, typically with 60 to 120 farms. The 
first moshav was established in 1920, but the majority were settled in the 
1950s. They offer their members a variety of production services, such as 
provision of farm inputs, financial intermediation, bookkeeping, water 
distribution, drainage, machinery and implements, produce collection and 
trucking, extension, and village-wide pest control. Moshavim are coopera
tives, but our analysis is not limited to cooperatives; we deal with joint 
public supply of production services in agriculture, whatever the organiza
tional structure of the group of farmers using these services. 

In a typical settlement project, a region is divided into villages whose 
land is further subdivided into farms. The planner's problem is to solve 
simultaneously for the number of villages and farms in a village (that is, 
land area per farm), level of services, and mode of cost allocation. We lay 
the basis for the analysis of these problems by considering first a single 
village with a given amount of land. The village is planned once when the 
objective function is to maximize income per farm, and once when it is the 
maximization of total income in the village. We turn to regional p)anning 
after the village-level analysis. The paper continues with a discussion of 
land taxation and an analysis ofcomparative statics. 

We draw on the analysis of the modern theory of local public goods 
(Arnott and Stiglitz, 1979; Berglas, 1982, 1984; Rubinfeld, 1987; 
Mieszkowski and Zodrow, 1989). When attempting to maximize settlers' 
income, our approach resembles in some aspects the theory of the labor
managed firm (Oi and Clayton, 1968; Vanek, 1970) in which, in most cases, 
the objective is the maximization of income per laborer. There is a closely 
related literature on the theory of agricultural cooperatives (LeVay, 1983) 
since, even if settlements are not organized as such, often they are, like 
cooperatives, associations of a voluntary nature operating collective ven
tures. 

STRUCTURAL ASSUMPTIONS 

The participation of settlers in the project, in the analysis below, is in the 
form of labor input in production. When this variable is continuous, the 
farmer in the model can work part-time, hire labor, or even be an absentee 
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settler. In most real-world cases these alternatives are not actually open to 
settlers and are not included in the menus of activities planners have in 
mind. To avoid these possibilities, we assume in the analysis that settlers 
devote all their time to the farms; part-time farming and hired labor are not 
permitted. 

A settlement project is not viable unless farmers recover the costs of 
labor and capital. Urban wage is therefore included as a cost in the 
analysis. Capital is not treated explicitly, though the settler's income 
(termed in the paper settler's rent) can be seen as covering the cost of this 
factor - if settlers bring their own equity to the project. 

Settlers joining a new project either buy their land or, as in many 
development projects, rent it from the development authority or from 
another agency of the national government. Sometimes they may get it 
free. As shown below, the magnitude of the land rent, and whether it is 
actually collected, affects the value of the farm and settlement plans and 
services. 

BASIC LAYOUT 

For simplicity, the analysis is limited to a village with two public services 
[the ensuing principles are the same for a multi-service settlement (Berglas, 
1984)]. The village operates a well supplying water to the farms (household 
consumption of water is negligible) and it provides a pure public good: 
inner roads, joint pest-control program, weather forecasting, extension 
service, price information, or others. There are n farms in the village, all of 
identical size. 

The farm-level production function is 'well behaved' (linear homoge
neous, twice differentiable, etc.): 

q =F(y, Ajn, L, Q) (1) 

where q is farm output; y water, supplied from the village well; Ajn land, 
A total area cultivated by the village and n the number of farms; L labor, 
constrained - according to our earlier assumptions - to full employment 
L = L 0 , and with urban wage as the alternative cost w; and Q public 
service provided by the village. 

The cost function of the village services is: 

C = C(ny, Q) 

= c1(ny) + c2(Q) (2) 

In (2), ny is the total amount of water pumped at the village well. Marginal 
cost is assumed to increase both in c1( ) and in c2( ). This assumption is 
introduced here for simplicity, it is not necessary. For an internal solution, 
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marginal costs may be decreasing so long as they are not decreasing faster 
than marginal products (see equations Sa-Sc below). If, however, marginal 
costs are decreasing everywhere faster than marginal products (second
order conditions are not met) the agricultural sector will not be divided 
into villages and all the services will be provided at the national level. 

A basic conclusion of the theory of local public goods is that the 
marketable and chargeable services (water in our case) and the non
chargeable public goods ought to be financed jointly. The separate formu
lation in the second line of (2) is introduced to demonstrate that joint 
financing is not due to jointness in production or costs. 

The village is a non-profit entity. Farmers are charged for water (a 
dollars per unit) and, in addition, taxed to complete local finance according 
to the linear cost-allocation rule: 

(3) 

The lump sum tax, t, covers the gap between per-farm cost of services and 
user charges. The tax t is local; we consider below land taxation by the 
national government. 

Income per farm 

We start with Objective F, maximizing income, net product, per farm. 
The maximization is done at two levels. On the farm, profits are maximized 
by equating marginal product of water to unit price, a. At the village level, 
the planner's problem is to set the policy variables a, t, Q, and n 
consistently with the objective while taking into account farmers' behavior. 

To calculate these values, start with the Lagrangian: 

H=P F(y, Ajn, L, Q) -wL- [c1(ny) +cz(Q)]/n + O(L0 -L) (4) 

where P is the price of the product and 0 is a Lagrangian multiplier. 
Equation (4) is maximized with respect to the village policy variable. For a 
given number of farmers, the first-order conditions are (a total derivative is 
marked by an apostrophe, a partial by a subscript): 

PFY=c~(ny) 

nPFQ = c~(Q) 

PFL =w+O 

(Sa) 

(5b) 

(Sc) 

Equations (Sa)-(Sc) are the factor allocation rules. On the farm PFY =a, 
hence by (Sa) the village sets a = c~(ny) and optimal water utilization will 
be with marginal cost pricing. Equation (Sb) characterizes Q as a public 
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good, and equation (Sc) specifies the value of the shadow price of the labor 
constraint. 

Maximizing (4) with respect to n, we set: 

aHjan = [ -PFA;n(Ajn) + Cjn- c~(ny)y ]In= 0 (6) 

Equation (6) summarizes the effect a new entrant has on income of an 
insider - a farmer already in the project. The negative elements in (6) 
stand for the reduction in farm income due to the sharing of land and 
water with the newcomer, and the positive element - for the sharing of 
village cost. Equilibrium is attained when marginal costs and benefits are 
matched. Rewriting (6) and combining with (3), the lump-sum tax is: 

t = PFA;n( Ajn) (7) 

With optimum number of settlers, the settlement exactly covers its cost 
collecting user charges for water and a lump-sum tax equal to the marginal 
product of land. 

Examining now the sign of the derivative in (6), we observe that the tax 
is higher than land's marginal product when n is lower than optimal, and 
lower than the rent otherwise. In Fig. 1, a village of n* farms is supplied 
with optimum amount (for its size) of the public service, Q, and n* y 
·gallons of water. The cost curves of the services are drawn as functions of 
the village water supply. Since Q is given, ciQ) (=constant) is the 'fixed 

z 
0 
_J 
_J 
<( 
<:> 

0: 
w a. 
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0: 
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0 
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ny 

Fig. 1. Cost function of village services. Average service cost is: 
ASC = [c1(ny )+ Cz(Q)]jny. 
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cost' element in the figure and average cost per gallon is U-shaped (Asc I). 
As drawn, n* is smaller than the optimum, and the positive lump-sum tax 
levied in a village of this size is higher than land's marginal product (which 
increases with labor and water). Optimal village size will be n 0 and, at this 
size, the lump-sum tax (CD) is equal to the marginal product of land (AB), 
both divided in the diagram by y. 

The village functions as a firm with a U-shaped cost curve. But this is a 
zero-profit firm, the patrons of which exactly cover its cost and it does not 
necessarily operate at minimum AC (it will, under different circumstances, 
as shown below). Another difference between a regular firm and the village 
service sector is the shift of the average-cost curve Asc with n - with the 
number of 'patrons.' 

Settler's rent and limited entry 

We turn now to the value of joining the project. By the construction of 
(4), if income is positive, a settler covers the alternative cost of labor. But 
the project may yield for its participants further returns. We name them 
settler's rent SR and, in a viable project, SR z 0. Settler's rent is revenue 
minus actual and alternative costs: 

SR =P F( ) -wL- [c1(ny) +c2(Q)]/n (8) 

· By Euler's theorem, as the production function is well behaved: 

PF( ) =P[ Fyy +FA;n(Ajn) +FLL +FQQ] (9) 

and making use of (5a)-(5c) and (8), the value of the right to join the 
project is: 

SR = ()L + PFQQ (10) 

By Objective F, the village is planned to maximize income on the 
settler's farms. So long as sR is positive, outsiders may wish to join, but 
since additional entrants may reduce income of the insiders, entry is 
limited to the number n consistent with the equality in (6). Moreover, if 
() =I= 0, farm income can be increased by either hiring labor at the wage rate 
w (for () > 0) or farming part-time and seeking off-farm work at the same 
wage (if () < 0). As already indicated, these possibilities are not permitted 
in the present model. We return to this point below. 

Income in village 

We assume now that the planner maximizes total income m village 
(Objective V). The Lagrangian is: 

H = nP F ( ) - wnL - c 1 ( ny) - c 2 ( Q) + () n ( L 0 - L) ( 11) 
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The first three necessary conditions are identical to the factor allocation 
rules (5a)-(5c) and are not repeated. The conditions for optimal number of 
farms is now: 

aH;an = P F( ) - PFA;n(Ajn)- wL- c~(ny )y = 0 (12) 

Consistent with the current Objective V, the entrance of an additional 
settler is considered from the point of view of the planner. Two elements 
are added in (12) when compared with (6): the contribution of the marginal 
settler to production, and the newcomer's alternative cost of labor. These 
elements are taken into account by the planner but disregarded by insiders. 

The following properties can also be shown to hold (detailed derivations 
in Feinerman and Kislev, 1987): · 

(a) A shift of the settlement project from Objective F to objective V will 
change its plan only if under Objective F SR =I= 0. And then, if the settler's 
rent was positive, the shift will entail an increase in n. Increasing n will 
reduce income on the individual farms, since farm income was at its 
maximum under Objective F. 

(b) By (13), under Objective V, the cost of over-settling exhausts the 
value of the public services: 

fJL +PFQQ = 0 (13) 

(c) But settler's rent is not eliminated altogether, as: 

SR = PFA;n(Ajn)- t (14) 

(d) Under Objective V, sR > 0 (provided it was positive under Objective 
F). To prove the inequality, substitute t( = C jn - c~(ny) y) into (6). Under 
Objective V, n is larger than under F; hence under V, aH;an < 0 and 
t < PFA;n(Ajn). 

THE REGION 

Beside determining village size and services, the planner decides now on 
the number of villages in the region. A region is defined by a given amount 
of land, A 0 , which can be divided among M villages with n farms in each. 
For simplicity we disregard regional services, which are often provided in 
larger-scale projects; similarly, we disregard negative externalities such as 
that wells of several villages draw water from the same limited source. We 
consider several alternative planning objectives to be maximized. 

Maximum income in farm 

A natural objective is to maximize income per farm (Objective F) but 
this leads to unacceptable plans. To see it, add to the Lagrangian in (4) the 
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constraint A 0 = MA. The condition for optimal plot size is, with this 
constraint, PFA/n = 0: if the production function is well behaved and 
marginal products are positive at any range, .there will be a single village in 
the region and one or a few fortunate settlers will receive maximum 
income. If not, and marginal product vanishes at finite area per farm, 
village size will be determined by the condition PFA;n = 0; still an unac
ceptable condition - if land is in any sense a scarce resource in the 
economy. 

Predetermined area of farm land 

Often, a regional program will allot a certain amount of land per farm. 
The planning problem is then to set optimal village size, and number of 
villages in the region (the variables n and M). We are still working under 
Objective F and maximizing income per farm. Substitute now a ( = constant) 
for Ajn in F( ) in the Lagrangian in (4). Maximization leads again to the 
factor allocation rules (5a)-(5c) and to the condition for optimal village size 
(n): 

Cjn = c~(ny )y {15) 

which implies t = 0 - all service costs are covered by user charges. With a 
given plot size, determining n sets area per village and the number of 
villages in the region (the setting is only approximate as A 0 j(an) = M will 
most often not be an integer). 

Equation (15) also implies that in a planned region, with predetermined 
land allotment per farm, villages operate at minimum Asc (Fig. 1). When 
the region expands, additional villages are added, each of identical area 
and number of settlers. This is in analogy to the expansion of a competitive 
industry, as demand rises, with entry of identical firms, each operating at 
minimum AC. 

Settler's rent is, with the current objective and constraints: 

SR =PFaa + ()L +PFQQ {16) 

where a is again the predetermined area of land per farm. 

Parity income 

A typical objective in regional planning is to set farm income on par with 
alternative income, say urban wage rate. Farms and villages are then 
planned to yield net income at the parity level for settlers fully employed 
on the land allotted to them by the development authority. Translating this 
procedure to the terminology of the present discussion, the region is 
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planned for maximum number of farmers (call it Objective N) provided 
that the alternative cost of labor, w, is exactly covered. The immediate 
implication is zero settler's rent, SR = 0. With this objective, farm area a 
becomes an endogenous variable and planning can be done by varying plot 
size, maintaining the first-order conditions of the previous problem, until 
the condition SR = 0 is met. 

Now, by equation (16): 

(17) 

Combining with (Sc), PFL < w: farmers settled in the project region will 
find that they can increase their income by working part-time off their land 
- provided alternative employment is really available. Thus, for example, a 
settlement project aimed at reducing the pressure on the local labor market 
in a rural area may disappoint its planner when the settlers will be found 
competing with the non-farm laborers in the region. This eventuality can be 
avoided by letting the settlers reach income exceeding parity levels (at the 
cost of improving the lot of the settlers compared with those who have to 
stay with urban wages and increasing the pressure of outsiders to join the 
project). 

Income (product) in region (Objective R) 

Relaxing the previous assumptions of given plot size or parity income, 
we attempt now to maximize total income in the region (this can be the 
objective of a government trying to maximize the region's contribution to 
national product). The Lagrangian is: 

H =MnP F( ) - wMnL -M c1(ny) -M c2(Q) +Mn 8(L0 - L) 

+~t(A 0 -MA) (18) 

The factor allocation rules (5a)-(5c) still prevail. For optimum n: 

PF- wL = c~(ny)y +PFA;n(Ajn) (19) 

Equation (20) is the (approximate) condition for optimum M: 

P F( ) -wL = [c1(ny) +c2(Q)]/n +PFA;n(Ajn) (20) 

Combining the last two equations: 

(21) 

When the region is planned for maximum income, user charges cover cost 
of services and t = 0. 
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Settler's rent is the marginal product of the land, PFA;n(Ajn). This is 
the only case among those considered in the paper in which the value of 
the right to settle is equal to the value of the land allotted to the settlers. 

LAND TAXES COLLECTED BY THE NATIONAL GOVERNMENT 

We introduce now the possibility that the development authority charges 
rent in the form of land tax. The revenue due to this tax is not used to 
finance village services, but is taken out of the region. Let the land tax be s 
dollars per unit of land. We examine the effect of the tax once for the plan 
of a village and once for the case of regional planning. 

To consider village planning under Objective F, subtract sAjn from the 
Lagrangian in (4). The factor allocation rules (5a)-(5c) are not affected, but 
equation (7) is now: 

t = (Ajn)(PFA;n -s) (7a) 

In particular, if the land tax is equal to the marginal product of land, the 
lump sum tax will vanish (t = 0) and all village costs will be covered by user 
charges (for water in our example). 

How will levying a land tax affect village size, the number n, and farm 
income, sR? To examine size first, consider a village with optimal n, in the 
absence of a land tax, with aH;an = 0 in (6). Imposing land tax adds 
s(Ajn) > 0 to the right-hand side of (6); the derivative aH;an is then 
positive, implying an increase in planned n. This means that the imposition 
of the tax increases village size. Intuitively, the imposition of the tax 
increases the cost of land services; consequently, farm-level demand for 
land decrease and the number of farms rises. 

To check farm income when s > 0, we examine settler's rent. The tax 
sAjn has to be deducted from the right-hand side of (8). Therefore, SR in 
(10) is reduced by the amount s(Ajn): the tax imposed by the development 
authority or the national government reduces income of settlers in the 
project. 

Similarly, the imposition of a land tax in a regional project with parity 
income as the objective reduces income and settler's rent, and modifies the 
expression in (17) which is now: 

()L = - (PFaa + PFQQ) + s(Ajn) = - [ a(PFa- s) + PFQQ] (17a) 

Comparing (17) with (17a), one observes that levying an exogenous (to the 
region) tax reduces the attractiveness of off-farm work. The explanation for 
this effect is that when the planner aims at maintaining parity, the area a 
becomes an endogenous variable and the plan calls for larger plots the 
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higher the tax rate s. With larger plots, labor's marginal product increases, 
and with it the associated shadow price e. On the other hand, with a fixed 
area per farm or when the objective is maximum income for the region, s is 
in fact a lump-sum tax; it reduces settler's rent by s(Ajn), but it does not 
affect allocation considerations [a similar point is made by Mieszkowski 
and Zodrow (1989) for urban property tax with strict zoning]. 

COMPARATIVE STATICS 

In this section we turn to examine the effect of changes in planning 
variables. Our aim is only to exemplify the approach in order to gain a 
better grasp of the operation of the model. Assume that the question posed 
is: in a village plan under Objective F with village land given as A and with 
s = 0, authorities desire to change the number of settlers per settlement; 
how will the change affect the plan? 

Now n becomes an exogenous variable, and the tool of the examination 
is the analysis of comparative statics. For convenience, define z = ny -
total amount of water pumped at the village well. The signs of the relevant 
second derivatives of the Lagrangian, H, in (4) are [detailed derivations are 
omitted here (see Feinerman and Kislev, 1987)]: 

Hzz < 0 HQQ < 0 HzQ > 0 Hzn > 0 HQn indeterminate. 

The last two cross-derivatives, Hzn and HQn' demonstrate the difference 
between consumption-type public goods, which we do not consider here, 
and production services. Consumption services directly enter the utility of 
the household and, in general, the more households in the community, the 
larger the marginal contribution of the public good. Production services 
affect income in combination with other factors. In the expressions for Hzn 
and HQn' as n increases, land per farm decreases because land is shared 
with new entrants and this reduction in area subtracts from the contribu
tion of the services. For HQn' the reduction of water per farm adds to the 
negative effect of area contraction and the sign of this cross-derivative 
cannot be determined a-priori, though in many cases HQn > 0 can be 
expected. That the sign of Hzn can be determined is due to F( ) being 
linearly homogeneous; with a different technology, Hzn could be negative 
or, more likely, also indeterminate. 

By the analysis, the effects of a change in settlement size on the supply 
of the public services are: 

SIGN(dzjdn) =SIGN( -HznHQQ +HQnHzQ) 

SIGN(dQjdn) =SIGN( -HzzHQn +HznHQn) 

(22) 

(23) 
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and these signs depend on the sign of H 0 n in the following way: 

If HQn ~ 0 (dzjdn), (dQjdn) > 0 (24) 

Otherwise, SIGN(dzjdn), SIGN(dQjdn) are indeterminate. 
Hence public services, both chargeable and the pure public good, will 

unquestionably increase with the number of farms only if a growth in 
numbers does not reduce the marginal contribution of the public good on 
the individual farm (recall that the analysis is done for Objective F). A 
similar analysis shows that, for a given n, optimal supplies of both public 
services z and Q will increase with the price of the product, P. 

Returning to the case where n is an endogenous variable, further 
analysis, again not detailed here, reveals that the effect of a change in P on 
optimal n, z, and Q is indeterminate. Intuitively, this could perhaps be 
expected since in general an increase in the price of the product does not 
affect farm size when land supply is completely inelastic (Kislev and 
Peterson, 1982). Similarly, for a given n, output per farm - product supply 
- increases with P. This brings us to the boundary condition: a break-even 
P will be the price at which settlers cover alternative costs of labor and of 
capital - if they are required to purchase the right to settle. At a price 
lower than break-even, settlers will not join the project. In the same way, 
given P, a break-even w can be calculated, now with urban wages higher 
then the break-even level settlers will not join. 

CONCLUDING REMARKS 

The paper presents a theory of agricultural settlement and examines 
several cases. We find that village structure - size, services, and finance -
vary with the planning objective. In particular, we show that a regional 
settlement project cannot realistically be planned to maximize farm in
come, as this objective leads to the trivial solution of allotting all the land 
to a single farm. Planning for parity income is possible but it encourages 
off-farm work away from the project. Levying land rent increases optimal 
number of settlers and reduces income per farm. 

The model and the analysis draw on the modern theory of local public 
goods, but unlike the literature expounding that theory we do not focus on 
household utility, but rather on production. We are dealing with a simple 
version of the theory, in which all units are identical. Relaxing this 
assumption introduces the possibility of heterogenous villages supplying 
different services to groups of settlers: milk producers and orchard grow
ers, for example. Alternatively, settlers may be drawn to villages 'catering' 
to their specific needs; this is the essence of the Tiebout model of local 
public goods. The model we presented can also be applied to the analysis 
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of cooperatives; an example can be cooperation in credit, where the public 
good is the goodwill created by joint efforts and responsibility. But these, as 
well as empirical applications of the theory, are left to other occasions. 
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 Recent Experience with Cooperative Farm
 Credit in Israel*

 Yoav Kislev, Zvi Lerman, and Pinhas Zusman
 Hebrew University, Rehovot

 Governments and aid agencies in many developing countries channel
 credit to agriculture. The goal is to promote development, help the
 poorer peasants, encourage innovations, and eliminate the reliance
 on the local allegedly monopolistic moneylenders. Credit is deemed
 appropriate for achieving these goals since it is easy to administer, its
 effect is immediate, and it can be directed to the desired groups in the
 population. However, experience has shown that credit programs tend
 to fail.' Subsidized credit introduces inefficiencies, most of the credit
 goes to the richer farmers, and it encourages capital intensification and
 replacement of labor by machinery-hardly the goals governments aim
 for.2 Cooperative credit was introduced in several places to improve
 distribution of subsidized loans and to increase repayment rates, but
 most of these efforts also failed.3 These failures of outside intervention

 can be explained within the perspective of modern theory, which has
 improved our understanding of (and increased our sympathy to) the
 working of rural credit markets and their institutions in poorer coun-
 tries.4

 Israel is not a poor country; its agriculture is well endowed with
 capital and is technically advanced, and while informal (gray) credit
 markets exist, most of the financial services are provided by commer-
 cial banks. Still, there are many similarities between the basic structure
 and problems of the credit market in Israel and those of developing
 countries. Central among them is the problem of control, which lies in
 the basis of the theoretical analysis and is of major practical impor-
 tance both in rural credit markets for developing countries and in the
 cooperative-intensive Israeli farm sector. In this article we summarize
 lessons drawn from many years of experience with cooperative agricul-
 tural credit in Israel. The discussion is limited to the sector of the

 moshavim, cooperative villages of family farms; the experience of the
 large-scale communal kibbutzim is not considered at this stage.

 ? 1991 by The University of Chicago. All rights reserved.
 0013-0079/91/3904-0033$01.00
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 Background and Summary
 Eighty percent of Israel's agricultural product comes from cooperative
 farms. A major form of cooperation in agriculture has been financial.
 It flourished for a long time, but financial cooperation has recently been
 in deep trouble and will need massive public assistance to overcome its
 difficulties. It is now too early to predict what kind of cooperation, if
 any at all, will emerge from the crisis. Yet, important lessons can be
 learned even from this incomplete experience.

 In a nutshell, inflation in Israel accelerated steadily from a yearly
 rate of 12% in the early 1970s to more than 500% (annualized) for the
 first half of 1985. It was then halted by an abrupt change of direction
 in government policy, and since then inflation has run at approximately
 20% per year. The rising prices were fueled by expanding supply of
 credit, much of it imported, market interest rates lagged behind infla-
 tion, and real rates were negative for most of the decade ending in
 1985. These conditions encouraged overinvestment and discouraged
 saving. But interest rates also lagged when inflation decelerated in
 1985, and, as a result, real rates skyrocketed. Agricultural coopera-
 tives, as well as many other business enterprises, collapsed.

 A financial crisis breaks out when lenders realize that the real

 economic value of the debtor's assets is too low to service the out-

 standing debt. In general, three groups of factors are involved in the
 creation of a crisis: (a) The basic fault: included here are the factors
 that reduce the income streams and hence the value of the assets-a

 decrease in the price of the product, increase in input cost, increase
 of the long-run rate of interest. In Israeli agriculture (as we shall show),
 the basic fault was due to undersaving, overinvestment, and overca-
 pacity on the farms and in regional cooperative enterprises. (b) The
 trigger: this is the change in the economic environment that exposes
 the basic fault and triggers the crisis. In Israel, this was the abrupt rise
 in the rate of interest.5 (c) The manifestation of the crisis: it always
 takes the form of a financial failure. Banks and other lenders that share

 the risk with the borrowers will precipitate a crisis in an effort to
 salvage at least part of their capital.

 A high proportion of equity capital cushions the crisis, and firms
 with a high ratio of equity to assets are more likely to weather difficul-
 ties, although possibly at some loss to their owners. Extensive reliance
 on loans, on the other hand, with fixed interest and tight repayment
 schedules, increases the variability of the net residual incomes, finan-
 cial stress, and risk. Agriculture with its small units, and particularly
 cooperative agriculture, is especially vulnerable: it cannot raise equity
 by stock issues in the capital market and expansion relies entirely on
 the sources of the families or the members in the cooperatives and on
 debt financing. Saving and accumulation of equity are thus particularly
 important in agriculture.
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 Indeed, agriculture in Israel enjoyed many years of low, even
 negative interest rates, in which the real value of its debt was eroded.
 If the capital gains due to the erosion of the debt had been retained,
 equity capital would have increased. But most farmers and coopera-
 tives did not exploit this opportunity; in agriculture, low interest rates
 resulted in overinvestment and overreliance on debt financing. Partly
 this was an intended policy-removal of equity to enjoy inflation-
 related tax benefits; partly these were investment and consumption
 based on ample supply of credit. At any rate, excessive expansion of
 investment and credit was a myopic and dangerous policy, gambling
 with the property of the farmers. And despite the opportunities for
 accumulation of equity, debt to assets ratios increased and the stage
 was set for the coming crisis.

 Agriculture, and particularly cooperative agriculture, was thus the
 victim of inflation and the measures implemented to halt it. It was
 lured into overinvestment and excessive leverage by availability of
 cheap credit under inflation and found it could not service its debt
 when the real interest rates shot up. There was, however, a deeper
 factor involved. Basically the crisis is the result of control failures in
 cooperative agriculture-failure of the cooperatives to control bor-
 rowing by their members, failure of the members to control the associ-
 ations' officers, failure of the banks to control the cooperative borrow-
 ers, and above all failure of the government to control the affairs of a
 sector in the financing of which it was intensively involved. These
 failures reflected, on the one hand, the weaknesses inherent in the
 cooperative structure with its group decisions, internal politics, and
 the public good nature of its operation and, on the other hand, the
 inflationary environment and government policies that encouraged in-
 vestment and intensive reliance on debt financing.

 The Moshav and Second-Order Cooperation
 A moshav (plural, moshavim) is a farming community in which all
 farms are family owned and operated, and all farmers are members of
 the multipurpose, democratically run, village cooperative. In principle
 (practice varies) the cooperative association in the moshav purchases
 all farm supplies for its members and markets their farm products. It
 may also own and operate a variety of service facilities and manage
 directly some jointly operated productive enterprises. In addition, the
 association encompasses all municipal and many social functions in
 the village.

 Moshavim are members in two types of second-order coopera-
 tives: supply cooperatives (requisite societies, purchase organization)
 set up to purchase farm requisites for their member moshavim, and
 regional service enterprises (feed mills, slaughterhouses, transporta-
 tion services, and others). Both types operate on a regional basis,
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 though some nationwide cooperatives also exist. The supply coopera-
 tives act also as spokesmen of their regions in government offices;
 they engage in intensive lobbying and have acquired a strong political
 standing.

 The basic structure and mode of operation of the moshavim and
 the supply co-ops are similar, though differences in size, scope, and
 complexity create significant differences in the organizational prob-
 lems the cooperatives face at the primary and the secondary levels.
 But we shall mostly overlook the differences in this short survey and
 focus the discussion on the major common characteristics. The re-
 gional service enterprises, whose nature is more that of industrial com-
 plexes than of regular farm cooperatives, will be discussed separately.

 Moshavim were settled on national land that cannot be used as

 collateral; cooperative credit was therefore a natural alternative to a
 commercial credit market that could perhaps function efficiently if
 farmers had full property rights to the land they cultivated. Indeed,
 starting with the transfer of suppliers' credit to their members, both the
 moshav and the supply cooperative expanded into full-scale financial
 intermediation. In the last 2 decades and up to the eruption of the
 current crisis, the associations in the moshav and in the supply cooper-
 ative were first and foremost credit associations.

 Financial Intermediation

 The pivotal role of credit intermediation in the activities of the moshav
 and the supply cooperative is demonstrated in their balance sheets, as
 shown in table 1.6 Members' debit balances are by far the largest assets
 the associations hold-76.6% of the total in the moshav and 60.9% in

 the supply cooperative. The moshav and the regional co-op raise capi-
 tal and transfer it to their members. The associations also function

 as clearing houses, accepting deposits from members with financial
 surpluses (members' credit balances as in table 1) for use by others.
 The supply co-op and its moshavim are strongly linked through credit,
 as shown in table 1, and through joint ventures in the regional service
 enterprises.

 The government was the major source of long-term credit and the
 major lender in the early stages of the development of moshavim.7
 Government credit was generally supplied on concessionary terms,
 and its minuscule share (see table 1) is a reflection of both inflationary
 erosion and the growing availability of alternative sources of finance.

 Financial reports in the moshavim were prepared in historical val-
 ues, and equity capital is under-represented. It was estimated that, if
 adjusted for inflation, equity will reach between 15% and 30% of the
 value of the associations' liabilities. But even then, items reflecting
 financial intermediation will dominate the cooperatives' balance
 sheets.
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 TABLE 1

 BALANCE SHEET COMPOSITION OF A MOSHAV ASSOCIATION AND A SUPPLY CO-OP, SEPTEMBER 30, 1981 (in % of Total Assets)

 Supply Supply
 Assets Moshav Co-op Liabilities Moshav Co-op

 Fixed assets 3.7 3.5 Equity .7 3.0
 Long-term investments and loans to Long-term debt 4.2 19.5
 members 3.5 13.7 Short-term loans .6 34.5

 Inventories 4.0 ... Short-term loans from supply co-op 76.9
 Accounts receivable: Suppliers' credit 4.1 21.8
 Nonmembers 12.2 3.6 Members' credit balances 13.5 21.2

 Regional enterprises . .. 18.3 100.0 100.0
 Members' debit balances 76.6 60.9

 Total 100.0 100.0

 SouRcE.-Pinhas Zusman, Individual Behavior and Social Choice in a Cooperative Settlement (Jerusalem: Magnes Press, Hebrew University,
 1988).

 NOTE.-The data for the supply co-op are for the regional cooperative in the "Mountain Region" (a fictitious name). The data for the moshav
 are for an average association in a sample of 13 moshavim in the same region. Balance sheets are prepared in historical values, not adjusted for
 inflation. The financial reports of the cooperative in the moshav are for the association, not for the whole village. Information on individual farms
 is not included and is generally not available.
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 The supply cooperatives thus succeeded to establish for their
 members the moshavim-and the moshavim, for their members, the
 farm operators-financial services with steady lines of credit and con-
 venient saving facilities. Because of proximity and familiarity, asym-
 metric information, which is generally of major importance in credit
 markets, is not a significant problem in cooperative agricultural credit
 in Israel. Still, interlinkage of credit and marketing is practiced, farm-
 ers are expected to channel the proceeds of their marketed products
 through the moshav association, and it receives the market revenue
 through the supply co-op. Interlinkage forms part of the institutional
 set-up that replaces collateral for loans. Proximity, central purchasing
 of inputs, product marketing, and financial interdependency should, in
 principle, allow close monitoring and control of the member bor-
 rowers.

 Advantages and Weaknesses of Financial Cooperation
 The "classical" discussion of the theory of cooperatives struggled with
 the definition of the goals of the cooperative firm and its behavior.8
 Difficulties created by the cooperative's egalitarian democracy were
 recognized but not formulated explicitly and not examined analyti-
 cally. In the modern approach the cooperative is seen as a collection
 of individuals, each guided by personal tastes and interests, but all
 agreeing to perform jointly certain economic functions.9 This contrac-
 tual perception enables theoretical analysis which enhances our under-
 standing of two central facets of the cooperative model of action: (a)
 Laws and regulations governing cooperative life are often compro-
 mises and are not necessarily first best, Pareto efficient. This subject
 is treated at length by P. Zusman and will not be elaborated further
 here. (b) Members in cooperatives-in our case farmers in a moshav
 or moshavim in a supply co-op-are not subordinates in a centralized
 hierarchy; they are free to act within wide limits. By treating explicitly
 individual behavior and group decisions, the modern, contractual per-
 ception of cooperation throws new light on the advantages of coopera-
 tive credit intermediation and particularly on its weaknesses.

 Advantages. With cooperation, members in the moshavim, and
 moshavim in the supply co-ops, enjoy economies of scale in loan pro-
 cessing, professional financial management (particularly important in
 a high-inflation high-tax economy such as Israel), and a stronger bar-
 gaining position in the credit market (as well as in other markets).

 Perhaps the greatest advantage of cooperative credit, both in the
 moshav and in the supply co-op, lies in risk pooling implemented in
 two ways. In the short run, the association can use its own resources
 to smooth over the credit needs of its members. Outside lenders do

 not have to deal with transitory difficulties of individual borrowers.
 A more fundamental mode of risk pooling is mutual liability and
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 guaranty. Members in the moshav sign mutual guaranty agreements
 for the moshav association, and representatives of moshavim pledge
 similarly for loans raised by the supply co-op. The social pressure to
 comply with cooperative norms is strengthened under mutual liability
 arrangements. The probability of association default is reduced. Banks
 evidently recognize the advantage inherent in this arrangement, as
 credit is often conditioned on renewal of mutual liabilities.

 Weaknesses. Several kinds of structural difficulties afflict the

 moshav and the supply co-op. (a) Moral hazard-members may tend
 to invest on their farms and in the moshav's enterprises in risky proj-
 ects knowing that with a mutual liability arrangement they will be
 bailed out should the returns on the investment be disappointing. (b)
 Free riders-a member in the moshav, or a moshav in a supply co-op,
 may choose to market a farm product privately, thus weakening the
 association's standing in the credit market. (c) Agency cost-banks
 and other lenders view the cooperative associations as their agents
 and expect them to protect their interest (by limiting credit to failing
 members, e.g.), but the associations are guided by their own interests
 which are not always identical to those of the lenders. Similarly, offi-
 cers in the associations may be tempted to expand operations and
 to assume risks which prudent members would avoid. (d) Horizon
 problems-members may favor short-term gains in expectation that in
 the long run they may exit, leaving those who stay to carry the re-
 maining debt.

 Enforcement of the moshav's norms and rules-in practice,
 mainly enforcement of the interlinkage arrangements of collective mar-
 keting through the moshav and through the supply co-op-is critical
 to its continued functioning as a credit cooperative. However, compli-
 ance with the moshav's code requires high standards of cooperative
 ethics and will to enforce. Conceivably, interdependence of the degree
 revealed in table 1, and close monitoring due to interlinking of credit
 with product marketing, would allow effective control. However, this
 was not the case. Particularly where interdependence was strong, the
 moshavim and their members had only limited access to alternative
 sources of credit and, consequently, the cooperatives were committed
 to continue funding their members. Their elected officers could hardly
 afford the dire financial, social, and political consequences of mem-
 bers' bankruptcies.

 These difficulties are reflected in the behavior of members of coop-
 eratives. A reasonable rough measure of the financial exposure of a
 member is the ratio of outstanding debt to monthly sales through the
 cooperative ("credit months"). During the period 1977-81, 13 out of
 24 moshavim in the "Mountain Region" of table 1 exceeded 12 credit
 months and for relatively long durations.'0 Moshavim with 55 and 42
 credit months were observed in another supply co-op." Similarly,
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 more than a few farm operators owe their moshav cooperative associa-
 tions several times their yearly production capacity. Moshavim or indi-
 vidual farmers with such heavy burdens of debt compared to their
 production capacity will never be able to repay their loans or service
 them adequately. Heavy debt burden does not happen overnight; it
 evolves gradually. Moshavim or individuals with 55 or 42 credit
 months testify to the weakness of their cooperatives, a weakness that
 breeds permissiveness and lax financial discipline.

 Evidently the cooperatives did not function efficiently as financial
 intermediaries; they could not enforce credit rationing, they allowed
 cost of debt to increase when conditions changed, and they encouraged
 negative selection of investment projects, thus increasing the risk in
 their portfolios-a risk that all their members shared.'2 This behavior
 is not incidental; it stems from the nature of cooperation, and it is the
 result of the distorted incentive system created by the mutual guaranty
 arrangements. Moral-hazard behavior and weakness of cooperative
 control increase the risk to the lender and may even outweigh the
 advantages of cooperative credit. This indeed has happened as a result
 of the last crisis-lenders have recently been reluctant to extend credit
 to moshavim and second-order cooperatives even for loans backed by
 mutual guaranties.

 Regional Enterprises
 Regional service enterprises were ordinarily organized as limited liabil-
 ity cooperative associations, and their establishment was financed
 mainly by development grants and soft-term loans. Their membership
 consisted of moshav associations, mostly potential patrons of the ser-
 vice offered. Often the regional supply co-op was also a member, and
 in all cases it provided the enterprises in the region with short-term
 finance and purchasing services. Strong economic connections devel-
 oped between the two kinds of regionals-the supply co-op and the
 service enterprises-a relationship that proved detrimental when the
 recent crisis erupted.

 Zealous adherence to rural development by public agencies, easy
 access to credit through the supply cooperatives, and strong political
 regional lobbies resulted in overexpansion of service enterprises. This
 occurred particularly in the 1970s when credit was in ample supply
 and economic optimism ran high. Consequently, in the early 1980s
 many service enterprises operated under capacity-50%-60% by the
 estimate of the state controller. Not unlike firms in a cartel, regionals
 scrambled to get their share in the service enterprises and the expected
 benefits they were to yield. The final outcome, however, was that
 many of the enterprises did not cover their operating costs.

 The supply cooperatives, assuming the role of the financiers of
 last resort, found themselves financing not only operating losses but
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 also debt service of the regional enterprises. As early as 1981, the
 share of credit to the regional enterprises in the assets of the co-op,
 shown in table 1, was 18.3%; it grew substantially thereafter. In an-
 other co-op we found that a regional slaughterhouse, which started
 operation in 1981 with equity equaling 25% of the value of its capital,'3
 accumulated losses right from its start, and by 1985 its debt reached
 2.5 times the value of its assets, most of that short term and to the
 supply co-op. This was an extreme case but not atypical. When the
 enterprises went bankrupt in 1985, they took the supply co-ops down
 with them.

 Cost of Debt

 Perhaps the greatest damage that inflation inflicted on the Israeli econ-
 omy was the distortion of the cost of capital. Real interest rates varied
 markedly; cost of borrowing was at times extremely high while at other
 times, and for other loans, it was very low. For more than a decade,
 since the early 1970s, real rates of interest for most sources of credit
 were negative. This was particularly true for government-supported
 development loans until they were linked to the price index and tax-
 deductible interest payments were adjusted to inflation (these mea-
 sures were introduced in 1978 and 1982, respectively). In a preliminary
 survey of eight cooperatives, both village and regional (fig. 1), we
 found that average effective real cost of outstanding debt was zero in
 1971, and it declined gradually thereafter as interest lagged behind the
 accelerating inflation; it was minus 40%-50% per year in 1984. When
 inflation was halted in 1985, interest again lagged, and this time average
 real rates jumped to plus 15%-20%. Current cost of credit fluctuated
 even more and varied greatly between sources; in 1984 the real rate
 of interest on the subsidized government-directed short-term credit
 was minus 59%. In 1985 the real cost of overdraft facilities, one of the
 most expensive sources, was plus 100% per year.

 Credit Supply to Agriculture
 It has often been claimed in Israel that agriculture suffers from short-
 age of credit. However, examination of the available information re-
 veals that credit has been in ample supply. Between 1970 and 1987
 credit to agriculture increased more than it did for the economy at large
 and more than for industry (table 2). While the share of agriculture in
 net domestic product of the business sector has been 6%-7%, over
 the last 2 decades its share in the volume of credit was higher than
 10%. With inflation, financial leverage increased. In 1986 the ratio of
 outstanding economy-wide credit to GNP was twice its 1969 value; in
 agriculture the corresponding ratio increased by a factor of 3.8. The
 ratio of credit to net capital increased in agriculture between 1969 and
 1986 by a factor of four (fig. 2), while in industry it rose over the same
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 FIG. 1.-Real rates of interest: four Moshavim and four regionals

 period by only 20%. As we have seen, credit was underpriced, and the
 low and negative real rates of interest, encouraging demand, evidently
 contributed to the feeling of shortage.

 Another claim often made in Israel relates to inadequate term
 structure of credit. Not enough long-term loans were available, and
 investment projects had to be financed by short-term credit, creating
 a financing gap between the expected life of the assets and the duration
 of the loans. Again, with negative real interest rates and easy access to
 short-term credit, many farmers and cooperatives knowingly financed
 investment with short-term loans and knowingly created financing

 TABLE 2

 OUTSTANDING BANK CREDIT (End of Year)

 INDEX OF REAL VOLUME OF CREDIT

 (1969 = 100) CREDIT TO PRODUCT RATIO

 Economy Agriculture Industry Economy Agriculture

 1970 138 136 124 31 48
 1974 236 209 219 48 76
 1979 351 335 327 57 101
 1984 427 491 352 57 177
 1987 535 655 402 67 182

 SoURCEs.-Bank of Israel, Annual Bank Statistics, various years, and the Research
 Department of the bank; Central Bureau of Statistics, Statistical Abstracts of Israel,
 various years.
 NOTE.-The economy-wide credit to product ratio is the ratio to GNP (the public

 sector is included both in the numerator and the denominator of the ratio); in agriculture,
 the ratio is to the sector's product. The credit to product ratios in the first line of the
 table are for 1969.
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 gaps. In part, however, the government was also responsible for the
 financing gaps. Government-approved development loans were often
 supplied with delays, forcing reliance on short-term finance. In periods
 of inflation, delays create not only temporary but also permanent gaps
 in financing due to the inflationary erosion of the real value of the
 loans, which were late to arrive. In addition, loans at nominal interest
 rates that reflected inflation even partly were of shorter than their
 specified duration. In real terms they were retired earlier than speci-
 fied, and investors had to turn to short-term credit to finance the gaps
 thus created.'4

 Whatever the origin of the financing gaps, farmers and their orga-
 nizations turned to the government for help, usually with the appro-
 priate political backing. There were many cases, in recent periods
 almost one every year, of "conversions"-rescheduling of loans.
 Short-term credit was replaced by long-term loans, mostly on conces-
 sionary terms. The recurrence of the conversion episodes, sometimes
 general and sometimes specific to certain farms or regions, was one of
 the major reasons for the widespread belief that agriculture would not
 be allowed to fold. However, the remedy was not always effective. In
 many cases farmers and cooperatives returned to the preconversion
 maturity structure just several years after rescheduling.

 With negative interest rates and ample supply of credit, invest-
 ment expanded to the range of negative returns. Returns on capital in
 agriculture, which were 6%-7% in the mid-1970s, decreased gradually
 and were minus 4% in 1987. Detailed information on investment in

 consumption assets is not available but, as visitors to moshavim (and
 kibbutzim) could easily observe, houses grew and the number of cars
 increased. It seems that at least part of the capital gains due to negative
 cost of capital were channeled to consumption.
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 Government

 The particular circumstances of the early stages of development in
 Israel, in which penniless immigrants were settled with public assis-
 tance on national land (many of them in the early 1950s), created spe-
 cial fosterage relations between the moshavim and the public agencies.
 Over time many of the newly settled operators acquired farming skills,
 and cooperation also became well established; but the view, held not
 only by farmers, that it was the role of the government to maintain the
 welfare of the farming sector and the expectation that the government
 would shoulder this responsibility did not wane.

 Cooperation when agriculture expanded, was, and still is, sup-
 ported by the government; for example, new immigrants were settled
 in moshavim as a matter of policy, and land and water were allotted
 to the moshav to be distributed equally among the members. Today
 production quotas are allocated on a village basis, and the moshav
 decides on internal distribution; government agencies usually consult
 with the cooperative association in the moshav on the allocation of
 long-term loans to farm operators.

 The most profound public involvement has been in regulating
 credit. By deciding on the allocation of subsidized credit, the govern-
 ment affected regional development, product mix, and farmers' in-
 come. The dependency on the government and the expectation that it
 will bail out farmers and moshavim in trouble created moral hazard

 problems, not unlike those that mutual guaranty created in moshavim
 and regional cooperatives. Lacking the usual mechanism of collateral,
 the government turned to close monitoring-"concentrated credit."
 In a program started in the early 1960s, a moshav or a kibbutz concen-
 trated all its financial activity in a single bank, and credit was supplied,
 either for investment or for short-term need, only with the approval
 of a steering committee consisting of representatives of the bank, the
 Ministry of Agriculture, and other public agencies.

 Joining "concentrated credit" was voluntary and moshavim were
 lured by additional loans. And indeed, within a few years most of the
 moshavim in the country participated in the program. However, the
 increasing credit supply in the 1970s, and particularly the convenient
 sources offered by the regional cooperatives, eliminated the advan-
 tages of concentrated credit for the moshavim, and the program folded
 in the mid-1970s. Thus the problem of moral hazard in the moshavim
 was in fact recognized, and tools were created to overcome it, at least
 partly, but the will to maintain a strict policy could not withstand the
 flood of available credit. (Concentrated credit is now proposed again
 in reaction to the current crisis.) Moreover, the government supported
 the supply cooperatives and encouraged them to expand their role-
 they often received directed credit on favorable terms, were assisted
 in the establishment of the regional service enterprises, and were made
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 parties to development loans by advancing short-term credit to bridge
 over the delays in government-approved loans. Evidently, even before
 the recent acute crisis, and despite the experience with recurrent fi-
 nancial difficulties and loan rescheduling in the moshavim, the danger-
 ous implications of unconstrained operation of financial intermediaries
 were not understood or perhaps they were understood but not acted
 on by the government.

 Crisis

 On July 1, 1985, the government adopted a package of policy measures
 designed to curb inflation, which was then running at 500% per year.
 Wage and price rises were halted by decree, government outlays were
 curtailed in order to balance the budget, credit supply was squeezed-
 the banking system's reserve ratio rose by more than 75% between
 1985 and 1986-and the exchange rate was pegged. These measures
 created an unprecedented increase in the real rate of interest; it
 reached 100% (annualized) on some kinds of credit. The rise in interest
 increased the cost of capital to holders of nonlinked credit, but the
 real burden of index-linked loans with fixed real interest rates also

 increased. Loans are mostly linked to the "index known," which
 means in Israel that linking is with 1-month delay; when inflation is
 stopped, indexation calculation goes on for 1 additional month (the
 indexation on a 2-year loan taken on July 1, 1984, was calculated for
 13 high inflationary months and 11 low inflationary ones, while the
 loan was kept for equal periods of high and low inflation). This factor
 alone increased the real value of index-linked debts by 10%-20%.

 Once creditors realized that agriculture, particularly cooperative
 agriculture, could not continue to service its debt with the exceedingly
 high, postreform real rates of interest on short-term loans, and that the
 government could not bail the sector out any more, the crisis erupted.
 Private lenders and commercial banks were not willing to extend addi-
 tional credit and insisted that first loans be repaid. This was impossible,
 and most regional cooperatives and many of the associations in the
 moshavim collapsed. Farm production has continued, often with pri-
 vate credit arrangements (wholesalers, e.g., pay in advance for farm
 products) and the farmers' own resources. But this cannot be a com-
 plete solution to the crisis. In most cases, the available sources will
 be insufficient for investment in equipment and machinery, and farm-
 ers will find it hard to renew their production assets; and, in addition,
 banks and other creditors are still demanding repayment of their loans.
 For most members in the cooperatives the heavy burden is not their
 own debt but their share in the mutual liabilities-their share in cov-

 ering the debt of several heavy borrowers in the moshav and the debt
 of the regional enterprises.

 Agriculture could not repay or service its debt in full; the question
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 was how to distribute the losses. Once this was realized, the govern-
 ment stepped in offering support in an effort to reach a debt settlement
 between the lenders, particularly the banks, and the moshavim. An
 agreement was formulated in 1988, but its implementation has been
 slow, as farmers still hope that they can gather political support for a
 more favorable settlement.

 Recapitulation
 Inflation created a special opportunity for agriculture in Israel and
 particularly for cooperative agriculture. With negative real interest
 rates and erosion of loans, agriculture could increase its equity capital
 and emerge from the inflationary period economically stronger. This
 did not happen; as we have seen, financial leverage increased in agri-
 culture, returns on capital, and probably also savings, were negative,15
 and farmers sank deeper in debt, partly to finance investment in pro-
 duction assets (often with overcapacity), partly to finance housing and
 consumer durables, and partly to increase current consumption and
 standards of living. Considerations of short-run inflationary gains dom-
 inated long-run economic health.

 Myopia is common; but it afflicts cooperatives more strongly than
 individuals and private enterprises because of the cooperatives' politi-
 cal structure and the ensuing characteristics, which lead to moral haz-
 ard behavior, free riding, agency costs, and horizon problems. But the
 cooperatives were not the only ones at fault. Credit was also distrib-
 uted by the commercial banks; it was their money that was lent, and
 it was their responsibility to secure the loans and to control their use.
 Evidently they neglected this responsibility.

 The main blame for the breakdown in agriculture, however, lies
 with the government. By its policy, which was a result of its effort to
 accelerate development and its yielding to political pressure, it created
 the false impression that it would bail agriculture out of any difficulty.
 Moreover, the government carries the major blame for overcapacity
 in agriculture. Farmers and regional officers naturally tend to increase
 their share in aggregate capacity. Since the funding of most of the
 development projects was with government approval and assistance,
 it was the duty of the government to examine the aggregate picture
 and to balance the desire to invest against the needs. This was not
 done; the decisions of the policymakers and even the recommenda-
 tions of the Planning Authority of the Ministry of Agriculture encour-
 aged overinvestment. Governments are often too weak and they yield
 to the pressure of short-run interests. As a result, the crisis in coopera-
 tive agriculture is largely the outcome of the favoritism it enjoyed for
 a long time.

 Attempts were made to divide quantitatively the blame for the
 crisis, and the responsibility for its magnitude, among the parties-the
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 government, the banks, and the farm sector. A typical approach was
 to simulate financial development with alternative rates of interest and
 to attribute to macroeconomic policies excess debt over the level that
 the debt would have reached with "acceptable" rates of interest. Cal-
 culations of this sort overlook the role of credit cooperation in the
 creation of the debt, in reliance on short-term and risky sources of
 finance, and in the erosion of equity capital in agriculture. But then
 again, the cooperatives and the banks were encouraged-explicitly
 and implicitly-to follow risky and evidently reckless strategy by gov-
 ernment action and advice. We are left, therefore, with the qualitative
 and somewhat subjective judgment that, though each of the sectors
 was responsible for its part in the creation of the conditions that led
 to the crisis, the major blame lies with the government.

 Cooperation in general, and cooperation in credit in particular,
 has many advantages but, as we have seen, it also suffers from in-
 herent weaknesses. It is not clear whether intensive cooperation in
 agriculture-if not heavily assisted by public funds-can succeed or
 even survive in the long run the economic test of competitive markets.
 But the test of the current crisis is much harsher. Even if it is basically
 viable, cooperation may now be destroyed because of the particular
 crisis conditions.

 Lessons and Recommendations

 The failure of cooperative agriculture was a failure of control. If coop-
 eration in agriculture and particularly cooperation in credit is to sur-
 vive and succeed, control has to be tightened. Control is expensive,
 however, and often inconvenient; both incentives and appropriate
 structures are needed to assure optimal control.

 First and foremost, the government cannot and should not take
 explicit or implicit responsibility for agriculture or for cooperatives.
 Once the government sheds its responsibility, both farmers and lenders
 will know that they are the sole residual claimants for success and for
 failure. It will be in their direct interest to tighten control and to follow
 prudent economic policies. Mutual guaranties should be severely lim-
 ited to reduce moral hazard behavior at the farm and in the coopera-
 tive; and external market control of cooperatives should be established
 wherever possible.

 A necessary condition for effective control is the availability of
 accurate information. Financial reports, including balance sheets and
 income accounts, should be prepared and published regularly. The
 reports will have to be adjusted for inflation as prices are still rising in
 Israel at 15%-20% per year.

 Supply co-ops will have to be limited to commercial activity; they
 should no longer act as financial intermediaries. The regional service
 enterprises ought to be incorporated into limited liability companies
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 with members of the owner-moshavim receiving marketable shares.
 Moshavim and their members should be free to patronize service enter-
 prises of their choice, whether in their region or elsewhere.

 Members in the moshavim should also be free to leave their coop-
 eratives and to operate privately or to form alternative organizations,
 revealing and realizing in this way their preferences for stronger or
 weaker cooperation. Exit is expensive; it raises the average cost of
 services to the remaining members, but it is often the only way for
 patrons to enforce efficiency and for minorities to voice their opposi-
 tion.'6 Lack of control may be more expensive.

 The structural changes that we are proposing-and in many cases
 we adopt proposals that have already been made in Israel-are not
 easy to implement. Exposing the regional enterprises to market compe-
 tition may seem extremely painful in the short run; and indeed the
 Debt Settlement Administration is attempting to cure the enterprises
 by erasing their debt and assuring capacity operation by tying mosha-
 vim to their services. In the long run this is a recipe for inefficiency.
 Similarly, in moshavim, exit is not simple. The exiting farmer may
 forfeit his allocation of land and water and, more probable, his produc-
 tion quotas and development loans. The implementation of the changes
 we are proposing will require modifications of both law and attitude in
 Israel.

 Notes

 * This article draws on our report to the World Bank, "Experience with
 Credit Cooperatives in Israeli Agriculture," World Bank Working Paper WPS
 156 (1989). The preparation of the article was partly supported by the United
 States-Israel Agricultural Research and Development Fund, BARD. We are
 indebted to Avishay Braverman for raising the issues discussed in the article,
 for assistance, and encouragement. Responsibility for the analysis and the
 opinions expressed is ours.

 1. J. D. Von Pischke, Dale W Adams, and Gordon Donald, eds., Rural
 Financial Markets in Developing Countries--Their Use and Abuse (Baltimore:
 Johns Hopkins University Press, 1983); Avishay Braverman and J. Luis
 Guasch, "Rural Credit Markets and Institutions in Developing Countries: Les-
 sons for Policy Analysis from Practice and Modern Theory," World Develop-
 ment 14 (1986): 1253-67; Dale W Adams, "The Conundrum of Successful
 Credit Projects in Floundering Rural Financial Markets," Economic Develop-
 ment and Cultural Change 36 (1987): 355-86.

 2. For a successful experiment with rural credit (so far, at least), see
 Mahabub Hossain, Credit for Alleviation of Rural Poverty: The Grameen Bank
 in Bangladesh (Washington, D.C.: International Food Research Policy Insti-
 tute, 1988).

 3. Avishay Braverman and J. Luis Guasch, "Institutional Analysis of
 Credit Cooperatives," World Bank Discussion Paper (World Bank, Washing-
 ton, D.C., 1988).

 4. Clive Bell, "Credit Markets and Interlinked Transactions," in Hand-
 book of Development Economics, ed. Hollis Chenery and T. N. Srinivasan
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 Organization, Information, and Development," in Chenery and Srinivasan,
 eds., pp. 93-160.

 5. Deteriorating terms of trade were also blamed in Israel for inducing
 the crisis. The terms deteriorated steadily over the decades of the 1960s and
 the 1970s (at an average yearly rate of 2.4%), but this trend was reversed in
 1981 and the terms of trade of agriculture have improved since then. They
 could not have caused the crisis in 1985.

 6. For additional details, see Zvi Lerman, "Capital Structure of Agricul-
 tural Co-operatives in Israel," Yearbook of Co-operative Enterprise 1989 (Ox-
 ford: Plunkett Foundation for Co-operative Studies, 1989).

 7. We lump together government and other public agencies.
 8. Clare LeVay, "Agricultural Cooperative Theory: A Review," Journal

 of Agricultural Economics 34 (1983): 1-44.
 9. P. Vitaliano, "Cooperative Enterprise: An Alternative Conceptual Ba-

 sis for Analyzing a Complex Institution," American Journal of Agricultural
 Economics 65 (1983): 1079-83; Pinhas Zusman, Individual Behavior and Social
 Choice in a Cooperative Settlement (Jerusalem: Magnes Press, Hebrew Uni-
 versity, 1988).

 10. Zusman.

 11. Yoav Kislev and Arie Marvid, A Supply Cooperative Mishorim (in
 Hebrew) (Jerusalem: Magnes Press, Hebrew University, 1988).

 12. On the theoretical basis for these arguments, see Joseph E. Stiglitz
 and Andrew Weiss, "Credit Rationing in Markets with Imperfect Informa-
 tion," American Economic Review 71 (1981): 393-410.

 13. Kislev and Marvid. A large part of the equity accumulated was due
 to inflationary erosion of unlinked loans.

 14. As an example, consider a 2-year loan of $100 at zero real interest;
 the yearly rate of inflation is 100%. There are two alternative payment sched-
 ules, and in both the principal is repaid at the end of the second year: (a) a
 70% nominal rate of interest, paid at the end of the first and of the second
 year; (b) the loan is linked to the price index and the only payment is at the
 end of the second year. Debt service will then be as follows:

 Alternative a Alternative b

 End of first year 70
 End of second year 170 400
 Present value at the beginning of the
 first year (discounted at 100%) 77.5 100

 The nonlinked loan carries a nominal interest lower than the rate of inflation

 and involves a grant of $22.5. But it requires, in the example, repayment of
 35% of the principal at the end of the first year. This is the sense in which
 investors may be forced to short-term financing of their projects-loans car-
 rying nominal interest rates are of shorter duration than their stated maturity.

 15. Negative returns and consumption of capital gains may reflect optimal
 behavior when interest rates are negative, but erosion of equity capital can
 hardly be optimal.

 16. A. O. Hirschman, Exit, Voice, and Loyalty (Cambridge, Mass.: Har-
 vard University Press, 1970).
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AGRICULTURAL COOPERATIVES IN ISRAEL:  
PAST AND PRESENT1 

YOAV KISLEV 

Close to eighty percent of the agricultural output of Israel is produced on coope-
rative farms. In this chapter, I review the principal features of the past and more 
recent, still evolving, history of the two main forms – though not the only forms – 
of farm cooperatives: the moshav, a cooperative village, typically of 80-100 fami-
lies, and the kibbutz, a commune with 100-800 members. An in-between type 
is the collective moshav, where the land is farmed collectively but households are 
owned privately. Associated with these units are second-order cooperatives – 
organizations whose members are themselves cooperatives, not individuals – 
regional cooperative associations serving moshavim and kibbutzim (the plural 
forms), and several nationwide bodies. Evidently due to its idiosyncrasies, the 
kibbutz has been the subject of intensive scrutiny and research; a recent count 
found more than five thousands publications. Much less has been written about 
the moshav although, as I trust the reader will realize, it also offers interesting 
economic, social, and institutional lessons.  

1 HISTORIC MILESTONES 

The second half of the 19th century saw pogroms in Jewish communities in 
Eastern Europe, driving many to migrate westward; a small trickle went to Palesti-
ne, then part of the Turkish Ottoman Empire. They formed the first wave of the 
Zionist movement – to repopulate the land of the Bible with the people of the 

                                                 
1 I am in debt for information and advice received from many knowledgeable people. 

Particular thanks go to Shlomit Arbel and Gadi Rosenthal, who shared with me written 
documents and spent hours discussing issues raised in the review. Dvoira Auerbach edited 
the manuscript. The responsibility for errors, shortcomings, and opinions is mine. 
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Bible. Most of the newcomers did not join the small, existing Jewish communi-
ties in Palestine; they established separate towns and villages. Some brought 
capital from abroad but most were assisted in their efforts – land purchasing 
and investments in agriculture – by money from the Jewish Diaspora, both 
private philanthropy and national funds. This mode of operation continued even 
after the establishment of the State of Israel, with new settlements set up by the 
Jewish Agency (the major Zionist organization that operated in Palestine and 
still operates in Israel) and delivered to the auspices of the government only 
after "maturation".  

The Ottoman Empire collapsed in World War I, English and Australian forces took 
over Palestine, and by a decision of the League of Nations the land became a 
British mandate.  

The Zionist project met with resistance, Jews and Arabs clashed violently and 
recurrently, and when the British government limited immigration Jewish under-
ground groups turned to illegal shipping of refugees and to terrorism. The 
country was not easy to rule and after World War II "the Palestine question" was 
handed over to the United Nation. In 1947, the UN General Assembly resolved 
on a partition of the land into two states, Arab and Jewish. The Arabs did not 
accept the verdict. 

The State of Israel was established in May 1948 and it was immediately invaded 
by armies from several Arab countries. The war ended in a ceasefire with Israel 
stretching over an area considerably larger than envisaged in the UN resolution. 
Another consequence of the war was that 600,000 Palestinian Arabs left their 
homes and their fields and moved as refugees to areas outside Israel. The young 
country opened its gates to Jewish immigrants and 700,000 came within the first 
four years, doubling the number of Jews in Israel. Others followed thereafter. 

After a period of shortages and difficulties, Israel’s economy enjoyed growth 
and development for close to two decades, but by the early 1970s prices started 
rising and inflation escalated. It was halted in 1985 with drastic policy measures 
that hurt a great number of economic entities. Most agricultural cooperatives 
experienced a traumatic financial crisis. For many of them, the period since the 
crisis has been a period of reconstruction. 

2 BEGINNING AND LONG RUN TRENDS 

The history of the kibbutz started with the economic failure of a farm administra-
ted by a public organization on the shores of the Sea of Galilee. Part of the land 
of the failed farm was given over, at their request, to the farm’s workers. They 
were replaced a year later, in 1910, by a group of twelve youngsters who esta-
blished on that spot the first kibbutz (Degania).  
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Although the twelve saw themselves as socialists and called their group a com-
mune, the kibbutz was born spontaneously: the opportunity arose and they 
grasped it. Theory and ideology evolved later; but the idea of communes of 
pioneers settling the Land of Palestine caught the imagination of many through-
out the Jewish diaspora, particularly in Eastern Europe, and by the end of World 
War I there were already several hundred youngsters preparing for farm life in 
Palestine. In due course, they came over, joined existing kibbutzim, or established 
communes of their own. 

Reflecting political affiliations, kibbutzim were divided into federations ("move-
ments" in Hebrew). The three major federations spanned the spectrum from 
Labor (center) to the left, a smaller federation was orthodox religious, and one 
single kibbutz was associated with the Communist Party. For decades the fede-
rations were headed by charismatic leaders articulating ideology and political 
guidance. 

The first moshav (Nahalal) was established in 1921 and it was preconceived, 
modeled after the American family farm supplemented with cooperative ideas. 
The farms in the moshav were to be worked by family members, with mutual 
assistance if needed. Marketing and purchase of farm inputs was to be done 
cooperatively. The second-order marketing cooperative, Tnuva, was founded in 
1926. It served all agricultural cooperatives, started by marketing general farm 
products but later specialized in dairy, poultry and beef. Today it is by far the 
largest dairy in the country. 

Gradually, the kibbutzim and the moshavim grew in numbers and spread over 
the country. In 1947, just before the establishment of the State of Israel, there 
were 127 kibbutzim and 87 moshavim (Table 1). Today their numbers have 
reached 266 and 443 respectively, including 35 collective moshavim, with a 
population of 145,000 in the kibbutzim (nearly half of them adult members) and 
290,000 in the moshavim.  

Table 1: Cooperative communities in agriculture 

 1947 2011 

Kibbutzim 127 266 

Moshavim 87 443 

 

Most of the growth came after 1948 when many more moshavim than kibbutzim 
were set up. This was a period of "absorption" of large numbers of immigrants, 
the country had land, water projects were being developed, but the kibbutzim 
had lost in the holocaust their main source of pioneers – young people from 
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the Jewish diaspora in Europe. The immigrants that did come were not ready for 
or willing to pursue kibbutz life. Family farming was deemed more appropriate.  

Agriculture in the kibbutzim is diversified – field crops, horticulture, and live-
stock. Most family units in the moshavim also started as diversified farms; but 
with time, many specialized in single lines: dairy, orchards, or flowers. Both kib-
butzim and moshavim started off very poor and were assisted by national funds, 
but the kibbutzim had gained better access to the capital markets and accor-
dingly they tended to rely on mechanical activities and left labor-intensive lines 
such as vegetables and flowers, particularly in greenhouses, to moshavim and 
private farming. 

Agriculture in Israel, as in many other countries, experienced significant techno-
logical improvement and increased capital intensification. As the State economy 
grew, the opportunity cost of farm operators in agriculture increased; the cost 
of hired labor was reduced, especially when, after 1992, laborers from Thailand 
came to work on Israeli farms. Consequently total labor input in agriculture was 
reduced over time but the share of hired labor increased markedly. Many mem-
bers in moshavim ceased farming, or their children did not continue in agricultu-
re, while the remaining operators increased the scale of their farms. In kibbutzim 
the changes were manifested in a reduction of the number of members working 
in agriculture and expansion of manufacturing and services. 

Kibbutzim and moshavim were also organized in second-order cooperatives, 
mostly regional associations that, among other activities, took care of water pro-
vision, transportation, or cultivation of remote fields. The "purchasing organiza-
tions" occupied a special place. The function of these associations was to act 
for moshavim or kibbutzim in the markets, particularly buying farm inputs on 
wholesale terms for distribution to their members. As agriculture developed the 
purchasing organizations established regional enterprises providing auxiliary 
services such as feed mills, slaughter houses, fruit packaging facilities, and cold 
storage. Being intermediaries in products and commodities, the purchasing 
organizations were naturally drawn into credit intermediation; later, the growth 
of this activity placed them at the heart of the financial crisis of the 1980s. 

Other second-order cooperatives operated on the national scale; among them, 
Tnuva, the independent marketing enterprise, several credit funds, and purcha-
sing cooperatives that extended across regional boundaries. These cross-regional 
associations were usually run by a kibbutz or moshav federation to serve the 
needs of its members. 
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3 KIBBUTZ, PRE-CRISIS: SOCIETY 

The kibbutz was a commune.2 In principle, members had no private property; 
they received their perquisites in kind. The dwellings were modest – a small 
single room per couple, food was served in a collective dining room, clothes 
were washed in the kibbutz laundry and, in ideologically strict kibbutzim, mem-
bers did not have private clothes: they wore whatever they received each week 
from the general pool.  

Again, in principle, members were assigned to work wherever the need arose, 
some in the kibbutz and others outside – if remunerative employment could be 
found. With time, as the kibbutz economy developed and diversified, members 
began to specialize in lines of production or services. Kibbutzim were generally 
ready to send their members to be trained, formally and informally, and to ad-
vance their technical qualifications. The structure of the kibbutz was here of 
great help, a member leaving temporarily could in most cases be replaced on 
his job. A family farm operator, in the moshav or elsewhere, could not so easily 
go away for a significant length of time. 

Education occupied a special place in the life of the kibbutz. Children lived in 
communal homes and spent but two or three hours a day with their parents 
(only in a handful of kibbutzim did children stay with their parents overnight). 
Investment in schooling was intensive and the kibbutzim built teaching pro-
grams aimed at preparing their youngsters for life in the community. This regime 
was the subject of numerous academic studies and popular descriptions. Most 
often it was judged favorably; a book by an eminent Chicago psychologist was 
titled The Children of the Dream and an author who grew up on a kibbutz named 
her memoir We Were the Future.  

Although a twelve year curriculum was the common standard, for many years 
schools in kibbutzim did not prepare for academic studies and higher education 
was allowed to a limited number of members and restricted to subject areas the 
kibbutz deemed necessary for its development. This attitude changed as the 
economic standing improved in most kibbutzim in the 1960s and the 1970s, and 
college or university training of their own choice became the right of all kibbutz 
youngsters. Other standards were also relaxed: dwellings expanded and mem-
bers received budgetary allowances to spend at their choice on clothes, furniture, 
and other needs. 

Economic conditions improved in most kibbutzim but, due to natural and social 
circumstances – or sheer luck – some kibbutzim did significantly better than 

                                                 
2  The discussion of early periods is conducted in past tense; tenses will shift when more 

recent events are reached. 
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others. These differences did not much affect standards of living; guided by 
instructions coming down annually from the federations, the kibbutzim main-
tainned similar consumption and welfare outlays. As a result, kibbutzim in better 
shape accumulated equity and those that stayed behind gathered debts. There 
were no direct monetary transfers between kibbutzim. 

A landmark change was the shift to family lodging: children moved to live with 
their parents. The change was gradual, in one kibbutz after the other, mostly in 
the late 1970s and early 1980s. It was a renunciation of a fundamental principle 
in the established educational doctrine and was adopted only after long and 
sometimes heated deliberations. In more than a few kibbutzim, these were the 
young mothers, women who themselves had grown up on the kibbutz, who did 
not want their children to relive their own experience of heavy peer pressure, 
strict discipline, distant parents, and, particularly, lack of privacy and the insecu-
rity of being left alone at night.  

The shift to family lodging marked and was one expression of a profound though 
informal structural change: the rise of the traditional family as a fundamental 
social unit in the kibbutz. The first-comers saw their groups as comprising collec-
tive families of brothers and sisters; but when the second generation, and then 
the third, appeared on the scene, families naturally clustered into "clans" that 
often acted in unison on internal kibbutz issues. These changes highlighted the 
gender question. It was said that the educational regime originated with the 
first mother handing over her newborn child to another woman to care for while 
she returned to milk the cows. This precedence notwithstanding and despite 
recurring expressions of the desire of women in kibbutzim to share with men 
responsibilities and tasks, most were assigned as a matter of course to education 
and service functions. The rise of the family and the return of the children only 
intensified differentiation. 

The implementation of the shift to family dwelling required heavy investment, 
but the common feeling was that money was not a problem as unrestricted 
credit was easily available. In fact, however, for many kibbutzim this project was 
one of the last major capital outlays before the outbreak of the severe financial 
crisis of mid-1980s. 

4 KIBBUTZ, PRE-CRISIS: MISSION AND ASSESSMENTS 

Viewed from the present perspective, the kibbutz mission, summarized in slogan 
style below, seems obvious and natural. Historically it emerged from the expe-
rience of the founders and not least from soul searching and deliberations, often 
long into the night, of young people struggling with the weight of tradition, 
sudden freedom, separation from families, backbreaking work, and intoxicating 
philosophies: 



  Agricultural cooperatives in Israel: Past and present 287 

 

 Nation building; 
 Revival of Jewish agriculture; 
 Back to manual labor; 
 Creation of a just society; 
 Promotion of socialism. 

This was a difficult undertaking. By some estimates 80 percent of those joining 
kibbutzim left after a short or longer stay. 

4.1 Nation building  

When Palestine was under the British mandate, kibbutzim were settled wherever 
land could be purchased and in this way they often defined the borders of the 
state to be. Indeed, the partition map of the 1947 UN Resolution included most 
of the kibbutzim within the area of the future Jewish state, and some that had 
been left out by the resolution were later incorporated within the borders of the 
State after the 1948 war. 

The kibbutzim were also instrumental in the development of a military capabi-
lity, should an armed conflict erupt. Groups of young people stayed on kibbutzim 
combining work and (clandestine) training; they were ready to go the moment 
the war broke out.  

The creation of the State inaugurated a new era although at the time many in 
the kibbutzim did not recognize (or refused to recognize) how profound a 
change this was. As indicated above, quite a few kibbutzim were established 
right after 1948 – many on the borders where their presence was vital. Still, their 
mission as nation builders lost its urgency and pressure. The roots of the long-
run process of erosion of the kibbutzim’s position at the forefront of the Israeli 
society were planted when it was realized that the new immigrants would not 
join them in masses.  

4.2 Socialism 

Being communes, the kibbutzim accomplished the mission of socialism to its 
fullest; but only internally. Outside it was mainly slogans and rhetoric; the call 
"To Zionism, to Socialism, to the Brotherhood of Nations" was printed daily on 
the front page of the newspaper of a kibbutz party. But, except for the very early 
days, members of kibbutzim did not belong to the proletariat; they may have 
marched on May Day, but they did not share the experience of the country’s 
working class. The gap was manifested with the issue of hired labor. 

In the early days of the State, when food was in short supply and employment 
was hard to find, the kibbutzim were asked to expand production, particularly of 
vegetables, with the help of hired hands. Most refused; by ideology they could 
not exploit the labor of others. One group of kibbutzim went part of the way: 
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officially farm production was done by an outside company created specifically 
for this function. But the façade did not fool anybody; the work was on kibbutz 
land and under the supervision of its members who returned at the end of the 
day to what could be seen from the outside as an oasis of greenery and social 
care. The practice of hired labor was later tolerated and spread to all kibbutzim, 
but the rift between the kibbutzim and the new immigrants – who constituted 
most of the working class of the country – did not abate and the gap, opened 
generations ago, is still wide.  

Whatever the practice, ideological spirits were often high and controversies 
heated, sometimes reaching crisis proportions. In one case, seventy members 
from several kibbutzim left in 1927 for the Soviet Union, the land of true social-
lism, and set up a kibbutz on the Crimean Peninsula. Only three or four survived 
the Soviet regime, World War II, and the murderous German occupation. 

A deeper crisis that affected the largest kibbutz federation had been develop-
ping gradually for almost two decades; the line of demarcation was between left 
and central-leaning members. The differences reached a crisis proportion in the 
early 1950s, and once again the attitude to the Soviet Union was the immediate 
cause. The Eastern Block supported Israel in the UN and in its early steps; as the 
Cold War intensified, members in kibbutzim were split between Soviet sympathi-
zers and the majority who agreed with the Labor Party that Israel should belong 
to the Western Camp. The breakup occurred mainly on the issue of education, as 
parents of one side refused to let their children sit in classes taught by teachers 
holding a different opinion. In several cases kibbutzim split up physically, in 
others members moved to another kibbutz close to their political affiliation. 
People who for decades worked and suffered and celebrated together could 
not continue to live on the same piece of land. It took however only a short time 
for the Soviet block to change its policy and for sympathy and admiration to turn 
into disappointment and criticism; other differences also mellowed. With a little 
patience the crisis could have been avoided. 

4.3 Politics  

Members of kibbutzim were active politically. Again, the collective structure 
conveniently supported fulltime activists. They were also admired by the society 
of the young country for their pioneering endeavors. In the 1950s, when they 
were less than 4 percent of the population, kibbutz members formed a fifth of 
the representatives in the early Knessets (parliaments) and occupied up to six 
seats in the cabinet. The power base thus created helped to support policies 
favoring kibbutzim (and often also moshavim) in agriculture and in other econo-
mic spheres, finance in particular. However, as time passed, the glamor and the 
power faded. Only a single kibbutz member was voted to the Knesset in the 
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most recent elections of January 2013 and even he does not belong to a party 
that favors kibbutzim or cooperation. 

4.4 Fundamental dilemma 

The effort to adhere to the principle of self-labor in agriculture, manufacturing, 
and services – that is, all tasks are performed by members and hired workers 
are not employed – raises a fundamental dilemma, even if the issue of new 
immigrants is disregarded. In a competitive market, the return to labor in the 
kibbutz will be the same as the wages of unskilled, and relatively poor, workers 
in the economy. But by their background and aspirations, the members of the 
kibbutzim compared themselves with the urban middle class. So long as the 
country was poor and the economy egalitarian, adherence to the principle did 
not pose much of a problem; but development brought differentiation, and 
the kibbutzim were threatened with the possibility of being left behind their 
non-farm reference group. The moshavim faced the same threat. The urgency 
of the dilemma – whether to stick to the principle and risk losing members, or 
to compromise ideologically – was mitigated in several ways: production quotas 
were imposed by the government in the late 1950s, raising prices and increasing 
returns to farmers; state budget subsidies were later added, in particular for live-
stock products; and, as we shall see below, credit was also made easy, which sup-
ported capital intensification and consumption-oriented outlays. As we shall also 
see below, ideology was not always strictly adhered to and, when quotas were 
partially relaxed, subsidies eliminated, and credit restricted – ideology had to 
give way to economic reality 

5 CLASSIC MOSHAV 
The founders of the early moshavim asserted repeatedly that they were true 
socialists and would have surely agreed with the stated missions of the kibbutzim. 
But a seemingly minor qualification in the list of moshav principles – "with family 
units" – created significant differences between the two forms of organization.  

Both the kibbutz and the moshav functioned within the legal framework of the 
Cooperative Societies Ordinance, but the kibbutz, where members could easily 
join and leave, operated mainly as a normative society following conventions 
of behavior and social habits – whether they were written or only generally ac-
cepted. The moshav, with families more heavily attached to their farms and pro-
perties, had to be founded on a stronger formal basis; it was a contractual society, 
and explicitly so. The original fundamental principles of the moshav were, 

 Farming as the main source of income; 
 Family units; 
 Self-labor; 
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 Mutual aid; 
 Mandatory cooperation in services; 
 National land. 

To implement the principles, each moshav adopted by-laws and appropriate 
institutions with authority to manage the cooperative association and its affairs. 
The mode of activity of the moshav, internal and external, reflected its nature 
and was aimed at augmenting its particular structure. 

Unlike the conventional way in which a cooperative is formed by farmers volun-
tarily pooling together some of their tasks – in the moshav, the cooperative 
preceded the individual units. The association received land from the Jewish 
Agency and it, in turn, allocated the land to its members. Similarly, the moshav 
received bulk quantities of water, distributed it to its members for irrigation or 
household use, and paid the provider. When food supply was judged to have 
reached surplus levels and production quotas were imposed, they were assign-
ned to the moshav for allocation to its members. The association acted as the 
village municipality, building schools, paving roads, and providing other public 
services. It also employed auxiliary workers, teachers, accountants, nurses, and 
other "professionals" who often lived in the moshav but were not active farmers. 
The costs of these activities were covered by the members, who paid taxes that 
the moshav imposed on products marketed or inputs purchased through the 
association. 

Relying on cooperative spirit and practice, the moshavim created lively com-
munities and advanced economically despite natural and political obstacles. 
However, they also encountered internal difficulties. The constraints imposed 
by the structure and rules of the moshav were occasionally biting. A farm could 
not be subdivided; only one son or daughter could continue on the parents’ 
farm, others had to leave the moshav and, unless the farm was sold, the parents 
lacked resources to help non-succeeding children. Farm products had to be mar-
keted only through the cooperative association even if private dealers offered 
higher prices. Farmers were prohibited from using hired labor even if their 
harvest rotted in the fields. Members in need of help often felt that they were 
at the mercy of the association functionaries. Operators who consistently lagged 
behind were shown the way out. Such hardships, when encountered by indivi-
dual families, could be no less onerous than the collective but more diffused 
social controls of the kibbutzim. 

Despite the obvious economic and social advantages of cooperation, members 
sometimes could not resist the desire or need to act separately: seek outside 
employment, market privately, allow a neighbor to cultivate their land. Some 
associations treated violators harshly; others cared less or were too weak to 
impose discipline. Carried by the logic that minor breaches open the door to 
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complete abandonment of norms, the moshav federation (there was one general 
federation and several minor ones) tried since its early days to strengthen 
adherence to the rules and even attempted to write the ideology of the moshav 
into state law. The proposed law would augment the power of the federation 
over individual moshavim and the power of the moshav over its members. The 
bill was vehemently opposed by many of the young, second-generation mem-
bers of moshavim, who agreed with the norms but objected to state enforce-
ment. The, Labor-centered government supported the bill but failed in its attempt 
to get it passed by the Knesset. By that time (1969) the strict normative frame-
work of the moshav was already coming unstitched – in particular, hired workers 
started appearing in large numbers – and no law could arrest the rising econo-
mic forces. 

6 IMMIGRANTS’ MOSHAVIM 

In its early years, Israel experienced unemployment, food shortage, and lack of 
financial resources. Immigrants, arriving in large waves, were housed in tempo-
rary camps, only a few worked, and they were fed and cared for by public agen-
cies; to alleviate the situation, more than fifty thousand of them were directed to 
agriculture to set up new moshavim. It seemed so simple: each family received a 
plot of land, a little house, basic equipment and livestock – with proper advice 
and instruction they could soon start farming and rely on the institutions of the 
moshav for support and services. The reality was different. The newcomers had 
no experience in agriculture or in cooperation, many left and went back to the 
camps or sought better opportunities in town; those who stayed had to struggle 
with primitive living conditions and lack of basic necessities. The government 
(actually the Jewish Agency) helped, but its means were limited. The established 
veteran moshavim were ambivalent about the new ones. They were proud that 
the moshav, and not the rival and more popular kibbutz, was winning the day, 
and scores of their members went to live temporarily with the new immigrants 
and assist them in their first steps in the unfamiliar environment. But distance 
was also kept, the newcomers were made to form Immigrants’ Moshavim, they 
were not invited to join the old, established villages.  

Following several years of teething pains, the new moshavim grew into farming 
communities and contributed to the expansion of Israel’s agricultural produc-
tion, which quickly reached surplus proportions. Leadership naturally grew in the 
new moshavim, but although cooperative associations were formally instituted, 
in most places the ideology of the moshav was not strictly adhered to. Realizing 
that the veteran regional associations would not accept them for fear of jeopar-
dizing financial stability, the immigrants’ moshavim set up, with the help of the 
government, second-order regional cooperatives of their own. This had been 
done by the late 1950s and early 1960s. Up to that point, the moshav as a whole 
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was responsible for its members: water provision could be cut off when some 
of the farmers failed to pay. To avoid this eventuality, the new regionals, unlike 
the established ones, dealt directly with individual farmers. 

Working at the regional level opened the road to the political arena. With large 
numbers of potential voters behind them, new immigrants became part of 
the leadership of the federation of the moshavim and the first active moshav 
farmer to become, in 1974, a member of the cabinet as the Minister of Agricul-
ture was from an immigrants’ moshav (Aharon Uzan). 

Starting in the late 1960s, agriculture – particularly that in the moshavim – 
enjoyed a flourishing period that lasted for approximately 15 years: subsidies 
were expanding, the country’s real rate of exchange more than doubled, local 
prices of export products were rising, and credit was easily available. Veterans 
and new farmers responded by expanding into the production of export crops. 
Cotton, mechanically picked, was grown mostly in kibbutzim, and horticulture – 
fruits, vegetables and flowers – was the domain of the moshavim. At that time, 
exports were managed by three specialized agencies and this concentration 
increased the role of the cooperative associations at both the region and the 
village level. At the same time, the cultivation of labor-intensive crops had to rely 
on large numbers of hired hands, compromising the principle of self-labor. 

7 COOPERATIVE FINANCE 

Cooperation in agriculture was originally built on necessity and ideology; 
however, with time and economic development, financial issues came to the 
fore. As indicated above, the cooperative in the moshav and the second-order 
associations of moshavim and kibbutzim provided purchasing, marketing, 
and other services. They were also involved in finance. The financial activity was 
encouraged, or even necessitated, by the ownership structure in cooperative 
agriculture. Land in moshavim and in kibbutzim was, and still is, owned by the 
state; there is no private landownership. Therefore farms cannot use land as 
collateral to obtain credit. The lacuna was replaced by so-called mutual guaran-
ties: members in a moshav guaranteed the debt incurred by their associations, 
and moshavim and kibbutzim signed mutual, i.e., reciprocal, documents of 
guaranty. The cooperatives functioned as the hubs of the system of mutual gua-
ranties. In some instances, credit was extended to individual famers or kibbutzim, 
in which case the village association or the regional cooperative were the instru-
ments facilitating the comprehensive guaranties. In other cases, the village and 
the second-order cooperatives themselves raised credit and distributed it to their 
members, again under mutual guaranty. Consequently, cooperation in finance 
was strongly intertwined with the other aspects of farm activities; particularly, to 
back the guaranties, marketing had to be done solely through the cooperative 
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channels – the association in the moshav and Tnuva for both the moshavim and 
the kibbutzim. The banks were freed from the need to examine every individual 
creditor separately. 

The guaranties were signed routinely on the insistence of the banks but the 
routines were empty. I do not know of a single case were a guarantor – kibbutz, 
moshav, or individual member – had to cover the debt of others. Cooperative 
credit relied, implicitly and by experience, on government backing. 

The settlers in the moshavim and the kibbutzim came to Israel penniless; they 
had to rely on public assistance for tools and first inputs. Indeed, agricultural 
development was from its inception a national project creating fosterage rela-
tions between the farm sector – cooperatives in particular – and the government 
and other supporting national agencies. Beside agricultural research, extension, 
and planning, the principal channel of public economic assistance was in the 
form of credit for investment projects and other economic activities (the govern-
ment also assisted manufacturing, especially if intended for export). The expres-
sed responsibility for the sector created conditions of soft budget constraints: 
knowing that the government would come to their rescue should they run into 
difficulties, cooperatives went easily into debt (and readily signed guaranties). 
Generally the rescue came as "conversion." When cooperatives encountered 
difficulties in recycling their short-term debt, it was converted to long-term 
credit that the debtors were supposed to be able to service conveniently. The 
relief however was short-lived. In one case, observed in the 1950s, debt conver-
sion was implemented in 72 kibbutzim; three years later all but two had incurred 
larger short-term liabilities than they had previously and were again expecting 
government rescue. 

The government recognized the predicament and offered, in the early 1960s, 
a solution in the form of "concentrated credit": kibbutzim and moshavim that 
would channel their financial activities through a single bank and agree to 
supervision by the Ministry of Agriculture were assured stable credit lines to 
satisfy their (approved) needs. The program operated satisfactorily for several 
years, but then economic circumstances changed: the supply of commercial 
credit expanded (after 1974 Israel, like many other countries, experienced an 
inflow of recycled oil money); trusting the government to assist cooperatives in 
distress, banks were happily extending short-term loans to purchasing cooperati-
ves and national funds who, in turn, redirected the resources to their members – 
kibbutzim, moshavim, and regional enterprises. Concentrated credit crumbled 
and its demise heralded the slide of the sector into the financial crisis. 
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8 THE ROAD TO THE CLIFF 

The financial crisis took time to brew. Although most of the years were a good 
time for agriculture, the period following the 1973 war and up to 1985 was 
Israel’s Lost Decade: growth stagnated; government deficits grew; debt, internal 
and external, accumulated; and prices rose. Inflation accelerated from 20 % per 
annum at the beginning of the period to 450 % at its end. It was halted abruptly 
in mid-1985. 

Inflation was not a smooth process, it moved irregularly; likewise, policies to 
halt inflation or to accommodate the country to the rising prices fluctuated 
over a wide range of measures, introducing uncertainty and abrupt changes of 
economic conditions. In addition, bookkeeping and financial reporting became 
meaningless; farmers and cooperatives did not really know what their economic 
situation was. Inflation-adjusted accounting was introduced in 1982, but this 
was too late in the game. Another associated effect was that money became 
cheap; available data indicate that in 1979 the real rate of interest on commercial 
credit was -11 % (negative) and much lower on government approved short- 
and long-term debt. This was a honey trap. At the beginning of the period the 
value of debt eroded and the cooperatives accumulated assets. Consequently, 
the demand for credit expanded and farmers were pressing for additional finan-
ce, which they claimed was too slow to come. 

The bureaucracy agreed with the farmers. An example was a committee of 
public officials that submitted in 1979 a detailed report on credit in agriculture. 
The core of the document was the calculation of the "financing gap", the 
difference – it was significant – between yearly investment in the sector and 
long-term credit. The government was called to fulfill its duty and close the gap. 
Whether it was sheer ignorance or favoritism, the members of the committee 
did not realize that agriculture was willingly expanding its capital outlays, relying 
on available and convenient short-term credit – trusting that the accumulating 
debt was the problem of the government: it would never let moshavim and 
kibbutzim down.  

Easily available credit at negative real rates encouraged overinvestment in large 
risky projects. This tendency was extended and exaggerated when economic 
conditions could not be gauged due to inflation and shortage of funds was 
closed by recycling short-term debt. Officials in cooperatives were judged mainly 
by the projects they set up and government offices approved and supported 
regional enterprises with little if any regard for other available institutions. The 
tendency was strengthened by the desire of the moshavim to imitate the manu-
facturing industries in the kibbutzim. In the mid-1980s, the State Comptroller 
examined more than 300 regional enterprises and found that most of them did 
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not fully utilize their existing capacity; they did not even cover operating costs. 
In one case, an enterprise was built and completed – and then left idle, never 
to produce anything. 

When credit was flowing freely, everything looked rosy: machines were new, 
orchards were young, houses in good state of repair, public areas green. Many 
operators in moshavim constructed new greenhouses; the kibbutzim increased 
their investments in manufacturing enterprises. Optimism ruled; even the banks 
were not exempted. A political upheaval sent a shock wave: the Labor-centered 
government was ousted in 1977 by a right-wing coalition of parties whose 
rhetoric was explicitly anti-kibbutz. The change sounded an alarm in the kib-
butzim and the two largest federations raised significant amounts of money "to 
hold for rainy days", a large share of it abroad (an early action of the new govern-
ment was to free the foreign currency market). The availability of these funds 
supported for a while the feeling of easy credit but the atmosphere changed 
after a short time when large sums of money were lost in the stock exchange 
and the gray market, foreshadowing the financial crisis to come. The gravity of 
the situation was realized, at least by some, but too late for amendments. When 
the crisis erupted, the per capita debt of the kibbutzim was several times larger 
than that of the moshavim. (The religious kibbutzim were an exception; they had 
not expanded heavily into manufacturing, had not sought new credit sources, 
and had invested their surplus money in solid instruments. They rode out the 
financial turbulence, when it came, relatively easily.)  

Available credit was channeled partly to consumption; it was estimated in the 
1970s that the standard of living in the kibbutzim was on a par with their urban 
reference groups, thus augmenting social stability and attractiveness. However, 
easy credit also intensified the inherent inefficiencies in the kibbutzim. Although 
most members worked diligently, shirking could not be completely avoided and 
indifference to common costs and returns was also noted (it was reported that 
electricity bills in the residential area of a kibbutz fell by 40 % once members 
began to be charged individually). However, much more damaging than perso-
nal slackness were inflated services, schools with small numbers of children, 
expensive public buildings, and lax scrutiny of investments. Personal choice was 
also limited: "to each according to his needs" meant that others decided, even 
if democratically. Reforms adopted in the wake of the financial crisis were aimed 
at least partly to mend these shortcomings.  

9 THE FINANCIAL CRISIS AND ITS RESOLUTION 

In 1985, when inflation reached devastating rates, a left-right coalition govern-
ment, trusting it had the support of significant parts of the public, adopted a 
drastic stabilization program: prices, wages, and nominal exchange rates were 
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fixed and credit was constrained. Immediately the inflation dropped from more 
than 400 percent to 20 percent annually and was further suppressed later; 
one consequence was that real annual rates of interest jumped to 30-40 percent 
and even higher. It was realized that the debt of agriculture was so large that 
it threatened the stability of the national banks; they refused to recycle short 
term debts and allowed the resulting overdrafts to swell with the exorbitant rates 
of interest. Regional and national cooperatives collapsed and all their obligations 
were to be attributed to their members – the kibbutzim, the village associations, 
and the farmers in the moshavim. Agriculture suffered doubly as the real ex-
change rate fell by a third, subsidies were cut, and the sector’s terms of trade 
worsened. Many, in particular in the moshavim, could not continue farming. 

The government, the banks, and the cooperatives tried to solve the crisis. Repea-
tedly they signed agreements to settle the debts and repeatedly they had to 
realize that the debts were not settled. Finally, a law was passed in 1992 speci-
fying the way repayment ability would be assessed for each and every moshav 
member. An administration was set up to implement the law; soon a parallel 
administration started working on the debts of the kibbutzim. The work lasted 
twenty years and is only now (2013) coming to completion. The moshavim were 
assigned to repay 10 percent and the kibbutzim 30 percent of their calculated 
debts (no detailed information is available), the remaining sums were erased; 
covered by the banks, the government and some private creditors. All mutual 
guaranties were canceled and all purchasing organizations of the moshavim 
were closed down. Three quarters of Tnuva, the marketing giant, were sold 
several years ago to private interests and some kibbutzim and moahsvim used 
the money received for debt payments. In one aspect – perhaps the only aspect 
to count–the settlements were a complete success: no one, not a kibbutz, a 
moshav or an individual farmer had to leave the land in lieu of debt repayment. 
But far reaching changes have occurred and are occurring. 

10  RESTRUCTURING 

The financial crisis threatened the livelihoods of a large number of kibbutzim 
and caused many members, particularly young ones, to leave. Kibbutzim in stress 
reacted by encouraging their members to find employment off the kibbutz, 
hiring outsiders as managers, charging members for services, and, most revolu-
tionary, paying members market-rate salaries. These and other "privatization" 
measured raised the question of whether communities adopting such practices 
could still be regarded as kibbutzim. A public-government committee was ap-
pointed and, after a lengthy study, a new definition was adopted by law in 
2005. The old definition was a single terse sentence indicating collective 
ownership and leaving the details to the by-laws of the individual kibbutz. The 
new definition is spread over several pages of regulations. Three types are 
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recognized. Collective Kibbutz is the old conventional entity. Renewed Kibbutz 
is a kibbutz where any of the following holds: members receive salaries; the 
housing is privately owned; the collective means of production are privatized 
by distributing shares to members – provided that voting rights remain vested 
in the community at large. The third type is new, Urban Kibbutz; more than a few 
such small communes have sprung in recent years. 

The bulk of the regulations deals with the renewed kibbutz and specifies in great 
detail the minimum requirements of assistance to the elderly or the needy and 
the way assets may be privatized. With these changes the kibbutz was transfor-
med from a normative society to a legal-based entity; members and outsiders, 
among them tax authorities, know the rules of the game. Disputes have already 
been brought before courts.  

The renewed kibbutz differs from an ordinary rural community in two ways. 
First, it maintains an internal "safety net" of mutual responsibility for basic neces-
sities and vital services to all members, financed by returns from the collective 
enterprises and levies imposed on the wage earners; and second, it may demo-
cratically change its status. The kibbutz was never perfectly egalitarian – elites 
emerged and may have enjoyed preferred amenities (free use of cars was a 
notorious eyesore), but much greater differences can now be found in the rene-
wed communities and complaints of deprivation have been heard (opinion 
surveys are conducted regularly but quantitative economic data are not avai-
lable). Particularly controversial is the situation of the pensioners; many claim 
that the monetary allotment assigned to them by the new regulations is too 
small, especially compared to the salaries younger members receive in the kib-
butz or outside. This controversy may yet tear some kibbutzim apart. Still, surveys 
indicate that the majority of the members are satisfied with the reforms and 
agreed that they improved performance and welfare. 

Less than a third of the kibbutzim have not changed to renewed and stayed 
collective, although most have gone part of the way, for example, employing 
hired labor in manufacturing or paying members for weekend work. In general 
the collective kibbutzim are well-to-do. The majority of their members naturally 
accept the traditional ideology, but they also enjoy certain advantages; among 
them, secured, comfortable standard of living; work in a familiar environment; 
intensive social interaction; they are not evaluated and do not have to evaluate 
their neighbors and friends in pecuniary terms. Kibbutzim that could afford it 
stayed collective despite the inherent inefficiencies. The commune that origina-
ted as a means to overcome poverty, shortage, and hardships has become a 
luxury good. 

In the kibbutz, particularly in the renewed kibbutz, the crisis and the changes 
it caused affected drastically the way of life of the individual members, but the 
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economic activities of the community – in agriculture, manufacturing, and com-
mercial services – remained collective. In the moshav the most affected level was 
the cooperative. All regional purchasing organizations of moshavim disappeared 
and the associated economic enterprises, feed mills, slaughter houses, cold sto-
rage, and the like were sold or closed down. Officially, the village associations 
remained intact but they lost many of their functions and much of their power; 
in particular, they no longer provide inputs, marketing services, and – most 
importantly – financial intermediation. Also, they no longer extend aid to house-
holds in difficulties. Farm operators in the moshavim are now served directly by 
private agencies and in quite a few places by small local cooperatives or partner-
ships that stepped in to fill the void. As indicated, self-employed agricultural 
labor has decreased over time. Most moshavim are now rural communities with 
a relatively small number of farmers who have increased the scale of their opera-
tions by expanding livestock enterprises or renting land from their neighbors 
(purchasing is impossible); field and barn work is usually done with the help 
of hired hands. 

11  MANUFACTURING 

Manufacturing in the kibbutzim started with small workshops, a natural expan-
sion in several places was into food canning as an extension of agricultural pro-
duction; later it branched into other lines and spread effectively to all the 
kibbutzim (some established commercial services such as hotels or shopping 
centers). Manufacturing was deemed to have several beneficial effects: it could 
use labor freed from agriculture, particularly the elderly, it opened opportunities 
for professional development of young members, and it added to the portfolio 
of economic activities of the community. These expectations were, at least partly, 
realized but problems were also encountered. Manufacturing on a significant 
scale was established when credit was available; infusion of capital increased 
demand for labor and hired workers were called in – some to perform manual 
and repetitive work and others as experts. For many kibbutzim this was the first 
breach of the principle of self-labor. Other problems were social; with manufac-
turing came a regime of professional delineation and hierarchy, alien to the 
nature of the kibbutz community. 

Manufacturing also poses risks: a kibbutz will generally operate only one or 
two industrial lines and it would be difficult to find in its small community people 
who can run and manage a complex production process in a competitive envi-
ronment. Indeed, in the nature of risk, the manufacturing establishment of some 
kibbutzim succeeded, grew, and even achieved global reach, while many others 
failed and had to close down. Today, a third of the kibbutzim do not have any 
manufacturing activities, but for the sector as a whole, the value of output in 
manufacturing is much higher than the value of the product of agriculture. 
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12  REGIONALS 

Regional, second-order cooperatives were first established by kibbutzim in the 
1940s and early 1950s as purchasing organizations intended to reduce transact-
tion costs and augment market power in the provision of production inputs; 
they were followed by similar organizations set up by veteran moshavim and 
later also by new immigrants’ moshavim. As indicated, the regionals were drawn 
into financial intermediation; this was true for both sectors, but the differences 
between them turned out to be crucial.  

In the moshavim, most of the credit came through the regionals; it was transfer-
red to village associations and thence to individual members. When the financial 
crisis hit, everyone was responsible and everyone claimed to rely on the all-
embracing web of mutual guaranties. There was no way but to acknowledge, 
as the law finally did, that these debts could not be collected and the regionals 
had to be liquidated with all their enterprises.  

The situation in the kibbutzim was different. Although the regionals in the kib-
butz sector also engaged in financial intermediation, this was on a relatively 
small scale; individual kibbutzim had direct access to banks and to other major 
sources represented by federation-level funds. These funds were closed down 
after the crisis but the sector’s regionals survived, admittedly due to debt settle-
ments and sufficient write-offs. A fortunate period followed. In the 1990s Israel 
absorbed large numbers of immigrants from the former Soviet Union and the 
economy expanded. Pertinent to our story, meat consumption (beef and parti-
cularly poultry) doubled and the volume of operations of the regionals, the 
providers of feed and owners of slaughter and processing facilities, grew to un-
precedented magnitudes. Growth in monetary terms was further augmented 
when world grain and oil seed prices rose markedly. The regionals accumula-
ted surpluses which they used to assist distressed kibbutzim and to expand 
their own operations. Today the regionals are still organized as cooperatives, but 
in fact they are holding companies in partnerships with kibbutzim and private 
interests. One regional holds for its member-kibbutzim a 20 % share in Tnuva. 

13  RESOURCE REALLOCATION AND IDEOLOGY 

Net income in agriculture grew significantly since the 1990s and it rose particu-
larly in the first decade of the 2000s. Considering that the sector’s terms of trade 
were consistently deteriorating, improved income was especially remarkable; it 
was a realization of augmented efficiency. Since the crisis, its resolution, and 
reconstruction, agriculture has experienced a period of resource reallocation. 
Kibbutzim separated their economic activities from the affairs of the communities 
and hired experts to manage each segment. In renewed kibbutzim members or 
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outsiders are assigned to work only where their contribution exceeds the salary 
they receive, others work off the kibbutz; many kibbutzim went into partnerships 
with other kibbutzim in field crops and dairy livestock (partly to comply with 
stringent environmental regulations); the country’s broiler production has been 
concentrated in the kibbutzim where economies of scale are realized; several 
regionals manage the cultivation of orchards and marketing of fruits jointly with 
individual kibbutzim; and one regional created a poultry integration styled on 
the American model. 

Parallel changes occurred in the moshavim. Farm sizes are now larger than they 
used to be and in more than a few places two or three operators share land or 
livestock enterprises. Hired workers are employed wherever they may contribute. 
Services and inputs are purchased on the market and farmers are no longer tied 
to inefficient village or sector providers. Although prosperity is not shared by all, 
general farm income has risen. 

Manufacturing also witnessed significant structural changes. Several kibbutzim 
created partnerships and others sold parts of their activities to private interests. 
Such moves have brought in business expertise and capital that can be used to 
cover debt or to fund retirement plans. Another benefit is diversification – not 
to hang the future of the kibbutz too heavily on a single source of income, even 
if at present it is laying golden eggs. 

The economic landscape in the kibbutzim and the moshavim has changed mar-
kedly in the last two or three decades. Shopping and service centers are seen 
in the countryside, many residents – members and others – commute regularly 
to work away from their homes, but small, local enterprises are also flourishing. 
Most conspicuous is rural tourism, inns in the kibbutzim and B&B in the mosha-
vim; but a variety of other establishments can also be found in both sectors, 
hairdressing, tour-guiding, boutique bakeries, computing, and what not.  

These changes run counter to the wording and spirit of the original ideology 
of cooperation – whether in the communal kibbutz or of the family variety in 
the classic moshav. Naturally, ideology was set aside when the traumatic crisis 
hit and economic rescue became paramount, but the dilution of the ideological 
basis started earlier. The members of moshavim and kibbutzim were not hermits 
sanctifying scarcity and seclusion. They were part and parcel of the Israeli society 
and when the country’s living standards improved, while terms of trade of agri-
culture deteriorated, the "fundamental dilemma" raised its head and the coope-
ratives could not stay behind; they had to give up, gradually and even painfully, 
their basic principles. They accepted hired labor – first new immigrants, then 
in manufacturing and in greenhouses – and they agreed to family dwellings and 
private partnerships. For youngsters born in kibbutzim and moshavim the 
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shedding of ideology was a lot easier than for their parents. The financial crisis 
and its aftermath sealed the departure from orthodox ideology. 

The reforms and restructuring do not assure the future of the kibbutzim. In parti-
cular, where the collective enterprises do not generate enough income to sup-
port the elderly and other common services, the kibbutz may find it necessary to 
impose relatively high community taxes on its wage-earning members; but 
this could be a vicious circle – the best and the brightest may leave. The mere 
existence of the locality will be further endangered where, due to legal difficul-
ties, the kibbutz is prevented from accepting outsiders as residents. 

15  RURAL COMMUNITIES AND THEIR LAND 

Kibbutzim and moshavim are small communities; their populations have aged 
not only with time, but also with the tendency of younger people to leave. 
One solution was "expansion", the development of residential areas for young 
families of non-members, including the younger generation who chose to live 
in their birthplace without becoming full-fledged members of the kibbutz or the 
moshav. Formally, the locality was then transformed into a municipality where 
some of the residents hold membership in a separate association. In addition, 
kibbutzim and moshavim rented out land to commercial enterprises. These real 
estate activities created income; again, it was used where needed to assist in debt 
repayment. They also sparked opposition: the land was given for farming; addi-
tional income belonged to the public at large and not to a small, select minority. 
The opposition was led by a group of youngsters representing immigrants of 
the early days of the State of Israel – mostly of "eastern" origin: from the Middle 
East and North Africa. When the case was brought before the Supreme Court, 
it ruled in 2002 in favor of the opposition. The popular utterance was against 
the kibbutzim, but the moshavim were also severely affected. Expansion and 
development programs were set back and land issues, including the privatiza-
tion of housing in the kibbutzim, are now in flux. In the meantime, land prices in 
urban areas of Israel have risen sharply and ownership of a house or an apart-
ment is now unaffordable to many budding families. But this issue and its pos-
sible connection to farm land policy is beyond the scope of this chapter. 

16  EPILOG 

It is impossible to imagine today the difficulties the first-comers had to face; 
the shortages, sometimes starvation, diseases, hard work, and uncertain future. 
The new immigrants in the early days of the State did not have it easier. They 
were hauled by trucks without their consent to isolated places in the desert or 
on the hills and had to start from nothing. The achievements of these people 
are laudable; today the country’s agricultural output is twenty times its 1950 
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level and the lion’s share of the credit is due to cooperative farms; kibbutzim 
further branched into manufacturing. But cooperation, close to the way it was 
originally envisaged, is practiced only in a relatively small number of collective 
kibbutzim. In other places, cooperation is followed only where it can be justified 
by cold economic calculation. 

The founders of the kibbutzim and the moshavim hoped to spread socialism 
and equality to all corners of the land, but history may judge that farm coopera-
tion in Israel functioned as an instrument to achieve other, associated goals 
more than as an end to itself. However, as an instrument it was highly successful; 
Jews returned to the land and the country is covered by agricultural communi-
ties, most of them cooperative (some in areas occupied in 1967, but they are a 
different story). Ideology may have been abandoned, but the ideological candle 
has not been snuffed out completely – new kibbutzim are still being set up, 
some with ecological inclinations and many others in urban centers. Young 
people keep trying and will probably continue trying the experience of to-
getherness and public service. 
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Overall

In the past, farmers could hardly feed themselves and their

families and this is still true for some underdeveloped countries even

today. The poor countries are therefore agrarian countries in •which the

majority of the labor force is engaged in agriculture. The productivity

of modern agriculture, on the other hand, is high and in the

industrialized countries the number of farmers is relatively small. In

Israel, the share of employment in agriculture is 5 percent and each .

farm worker--hired and self employed--produces food and fiber for 15

families. The share of agriculture in GMP is 6 percent and in export, 10

percent.

There are three major groups of products in agriculture; each

accounts for approximately a third of the output (Table 1): livestock,

orchards, field crops and vegetables. Again, approximately a third of

product goes to the domestic market for direct consumption, somewhat

less than a third is exported and approximately 30 percent of farm

product is raw material for manufacturing: milk products, meat, cotton,

canned food; and lastly, one tenth of the agricultural product is

utilized on the farm as feed, food to the family, and on-farm produced

investment goods--livestock and orchards.

The unique feature of Israel's agriculture is the cooperative

structure. Two fifths of the output is produced in kibbutzim (and
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moshavim shitufiyim--with common agricultura enterprises and private

households), 35 percent in moshavim, and the rest on private

farms--Jewish and non-Jewish. Differences in capial intensity between

the sectors create substential differences in productivity: in the

capital intensive kibbutzim, the product per laborer is 56 percent

higher then the sector's average; and in the labor intensive non-Jewish

(mostely Arab) villages it is less than half that average.

When the State of Israel was established in 1948, citrus was the

major export product of agriculture and of the national economy. Today

it accounts for less than a third of agricultural exports. The other

major export is cotton, followed by fruits, flowers and vegetables.

Product and Income Account

The aggregate account of agriculture is examplified with 1979 data

in Table 2. Total value of the product was, for this year, 3,707 million

IS; of these, 60 percent were field crops and vegetables, 37 percent in

livestock and 3 percent in investment goods-,-planting of orchards,

expension of heards and flocks. The agricultural sector used in 1979

1,928 million IS worth of inputs purchased from other sectors, so that

product--value added in agriculture--was 1,878 million IS. Factor income

is slightly higher than product due to crop insurance compensation

payments. Of the sector's income, farmers paid 422 million IS, 24

percent, as wages to hired workers, 271 millions as interest and rent

and the rest-61 percent of income--residual return to farm operators'



Page 14

own labor, to equity capital and profits.

The value of the revenue in Table 2 is the farm gate value to the

producers. Consumers paid less, due to subsidies. In 1979 subsidies

amounted to 365 million IS, most of it--350 million--in livestock

products. Consumers paid in 1979 3,341 millions for the agricultural

products; the buyers of livestock products paid 1,001 million IS.

The income data in Table 2 do not summarize appropriately income of

farm families, as many operators are only part-time farmers. We shall

return to this subject below, in the discussion of the family farm.

Production Factors and Inputs

The basic factors of production in agriculture are land and labor,

but modernized agriculture uses also a host of other inputs: machinery,

structures, irrigation systems, fertilizers, insecticides and

pesticides, fuel, medicines and many others. Table 3 reports the the

utilization of the major factors in agriculture for the period 1955 to

1983. The figures in the last line in the table are rates of growth--an

annual average for the period for each column in the table.

Land area was doubled between 1951 and 1953, and during the 1950's

cultivated area expanded gradually; but from 1960 and onward expansion

was minimal. In irrigated areas, on the other hand, there was

substential expansion throughout the whole period. In recent . years,
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approximately half the cultivated land is under irrigation, and only

water availability constraints further expansion of irrigated area.

Several stages can be observed in the development of the labor

force (number employed) in agriculture (see also figure 1). The period

Immediately after the establishment of the State of Israel was a period

f settlement of the land and enlargement of food supply to a growing

population. Employment reached a peak of 127,600 in 1961. From 1962 to

1975 production potential and productivity in agriculture expanded into

a market limited in its obsorption capacity and, simultaneously, off

farm income oportunities also improved. As a result, employment in

agriculture gradually declined for a decade and a half. Accelerating

•exports in the second half of the 1970's opened new channels to growing

production. Indeed, no clear trend is observed in employment since 1975

and its general level has been stable. During most of the period in

Table 3, the share of hired workers in agricultural employment was

apprioximately 40 percent; the rest were self employed.

The amount of assets of production, machines, structures, glass

houses, equipment--gross capital--increased gradually throughout the

period. The last 6 years, from 1977 to 1983, are exceptional, with no

capital expansion. The persistant increase in production assets in

agriculture is the major cause of expansion in productive capacity and

the reduction in employment; the decelaration of accumulation in recent

years may reflect abandonment of glass houses as farmers left flower

production or cessation of the use of dairy structures on small farms as
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milk productoin was concentrated in comparatively large dairies.

In a modern economy, most of the feed for livestock is purchased

from farms specializing in its production. In Israel's agriculture this

division of labor is realized at the international level and feed grains

are mostly purchased from other countries. The large increase in the use

of feed grain and oil cake in agriculture--with average rate of growth

of 6.5 percent the highest in Table 3--reflects both a major expansion

of livestock production, and the transfer of land and water from the

production of feed grain and roughage to the production of import

substituting wheat and the major export field crop--cotton.

Similarly to the pattern of utilization of land, the development

and the exploitation of our second natural resource--water--was very

fast during the fifties and decelerated since 1960. In more recent

years, agriculture had to reduce the use of water with the expansion of

consumption in the urban sector; and further growth in irrigation, or

even the maintenance of the existing level, will depend on the ability

to use nonconventional water sources, mostly sewage.

The use of fertilizers in agriculture is a measure of

intensification and sofistication in production; fertilizer input grew

at an average rate of 4.6 percent per annum. At the same time, knowledge

and modern equipment permit increased efficiency of fertilizer

usage--application limited to root zone, integration with irrigation,

liquid fertilizers-- and increases effectiveness and permits comparative
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reduction in the input; indeed, in the more recent years, fertilizer

inputs grew at a slower pace than at the earlier periods in Table 3.

Major Lines of Production

The development in crop and orchard areas and in the numbers of

livestock is reviewed in Table I. The last line in the table--average

rate of change for the period--covers in several cases alternating

trends that were affected by changes in production potential in

agriculture, in marketing possibilities in Israel and in developments in

export markets.

Orchards areas expanded markedly during the period. However, the

expansion in the early years was mostly in citruses directed to export,

while at the end of the period--as citrus exports encountered

difficulties--their area declined; other orchards, nostly decideous

fruits, expanded with their product directed to the local market (except

for avocado and some 'mango). Field crops area expanded only at the

begining of the period, ancl since 1965 a slight declining trend can be

detected--the result of urbanization and expansion of orchard areas. The

production of vegetables grew throughout the period (see Table 5) but

yield increases permited steady areas, even declining in most recent

• years. Cut flowers production was insignificant and did not justify

separate statistical reporting up to the late seventies--the time at

which this line of production grew substentially, particularly for

export.
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The developments in livestock enterprises reflect mainly changes in

production ability and absorption possibilities of the domestic market.

Fish growing in artificial ponds increased at. the early. years. This

growth intensified the use of water from local sources, expanded protein

production, and diversified food. The development of the interregional

water network and the transportation of water from local water-sheds to

drier areas, the increased income, ample importation of• beef and

subsidized production of poultry meat--resulted in contraction of fish

production in agriculture in the more recent years.

The national dairy enterprise was affected by milk yield increased

and a gradual expansion of local consumption. Beef production expanded

repidly in the fifties with the importation of feed grains from the US;

since that period the growth of this line has paralleled the expansion

of the dairy herd which provides male calves for fattening. Similarly,

egg production developed rapidly in the early years of the State of

Israel as a conliinient solution to the demand of the growing population

for protein and as an appropriate line of production for new settlers.

Since 1960, production is limited by the market; only occassional

surplusses were exported, mostly at losses.

The development of production In the agricultural enterprises is

reviewed in Table 5. Both major groups--livestock and field

crops--expanded similarly from 1955 to 1975; more recently crop

production, partly for export, expanded faster than livestock production
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directed only for the domestic market.

The major change in rain fed farming has been a large expansion of

the production of wheat; mostly a reaction to marked yield increases due

to the introduction of Mexican high yielding varieties into the domestic

breeding program in Israel. Increased yield potential justified

additional application of fertilizers and auxiliary irrigation; and with

higher yields, wheat replaced in rain fed lands barley, oats, sorghum

and, to some extent, also hay and forage crops. There were two principal

developments in irrigated field crops. Cotton, introduced only after the

establishment of the state, expanded to become an important export crop.

Sugar beet, grown for the import replacing industry, expanded in the

fifties; but production ceased when it was realized that with world

terms of trade, sugar production in Israel can survive only if highly

subsidized.

Vegetables production expanded gradually, mostly for the local

market and recently also for export, the share of which reached 15

percent of the product in the second half of the seventies. Citrus

production expanded substentially as young orchards, planted mostly in

the fifties, started fruit bearing; but in the seventies the trend

decelerated and even declined. The production of non-citrus fruits grew

gradually with the local market, and so also did the production of

livestock products.

Export--Survey
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Agricultural production grew in the last 20 years at an annual rate

of 5 0- 6 percent, population grew at 2.7 percent per year. Agricultural

products are purchased for current consumption and the quantity is

limited; indeed there is no apparent upward or downward trend in the per

capita consumption of locally produced farm products (Table 6, column

4). The additional agricultural product was therefore directed to export

markets. The share of product allotted to the local market declined from

1967 to 1983 from 44 to 26 percent and the share of direct export

increased from 25 to 30 percent (Table 6, Columns 1,3). In addition,

third of the output of the processing industry is exported.

By the arithmetics, as described above, export is the difference

between production and local consumption; but export is not merely

production sruplus. More appropriately, the volume of production is

determined mostly by economic developments exogenous to agriculture in

Israel and the mere existence of export enables the maintenance of a

larger agricultural industry than needed for the fullfilment of domestic

demand.

In Figure 1, employment in the farm sector increased in the fifties

with settlement and expansion. With saturation in local markets,

maturing of new investments, technological develoment and increased

alternative urban income--farm employment declined, starting at the

beginning of the sixties. This turn of the trend was recognized by the

administration of the time; policies were modified accordingly, dairies
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near cities were eliminated to permit incrased production on farms (a

development which might have occured naturally with urban expansion),

and special measures were taken to encourage production for export and

to develop outside markets.

For the fifteen following years, the success of the export

promoting measures was modest. The major factor in the expansion of

agricultural exports in the sixties was the citrus industry. At the

establishment of the state, citrus was the main export line of

agriculture and of the national economy; the share of agriculture in

total exports in the fifties was 40 percent and most of it citruses

(Figure 1). Gradually, the manufacturing and service sectors expanded

and agricultural's share declined to a tenth of total export. Although

the share of the agricultural export declined, it grew in absolute

terms. Citrus export doubled in the sixtees (see area expansion in Table

4). However, our competitors are gaining strength--in the seventees the

growth was halted and exports of citruses even declined.

Thus, the concentrated efforts that began in the early 1960's

resulted in only gradual and little expansion of agricultural exports.

What caused exports to accelerate since 1974? It seems that the major

factor affecting the expansion of the "other" (non-citrus) agricultural

export, is profitability which in turn is associated with the value of

the European currencies relative to the dollar. Europe is the export

market while most of the prices of the imported inputs are quoted in US

dollars. Changes in the values of the European currencies are
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represented in Figure 1 by the value of the Deutsche Mark in dollar

terms (deflated by the two country's consumer price indices) and it

almost doubled in the seventies. The vigorous acceleration of non-citrus

exports was from 1974 to 1979 (Figure 1) and expansion continued for

several years after the turning of the trend in the exchange rate of the

mark. Both the lag in expansion and the continued growth after the

change in profitability may be associated with investments in

structures, equipment, services, and knowledge. These investments take

time to mature and, once done--enable continued exports, at least for a

while, even at worsening terms of trade.

The single most important barometers of the conditions of

agriculture is employment. Since the middle of the seventies the number

of people employed in agriculture remained stable (Figure 1). It seems

that the expansion of exports, particularly of the labor intensive

crops, checked the exit of labor from agriculture.

The development of the components of agricultural exports is

surveyed in Table 7. Perhaps most important is the event that did not

occure. Citruses, in 1972 more that two thirds of the exports in the

table, did not grow in the seventies--in the period of vastly improving

terms of trade. At the end of the decade, citrus export even declined.

• The most important single product in the non-citrus agriucltural

export is cotton-- more than half the growth in the export accelerating

period is due to cotton. It is followed by flowers, vegetables and

•
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avocado. The latter is also the fastest growing product (in 1981 yields

were particularly low; avocado yields, like some other fruits, alternate

between years). Half the avocado area in 1984 was still not bearing

fruits; which means that production will double in a few years even if

no new orchards are planted.

Export--Discussion

The exported .• products vary a great deal, both in growing conditons •

in Israel and. in their .marketing environments—Cotton is concentrated:. on

large- farms; mostly in kibbutzim,, but also in commonly cultivated:plots-

in moshavim. Cultivation is water and machine intensive, averages per

worker. are 25 -hectars. of land and 10,000 m3 water. The .crop.is•not

Suitable. for the conditions of the small .family farm. It is exported .as

commodity. to a single world market. Timing and.other .facors are

important in getting maximum revenues, but Israel .is too small to affect

world prices and we are, therefore, not liMited-by.the markets in the,

amounts We can produce and export.

Avocado can be produced both on the large and on small farms. As a

quantitatively important product, this is a new and expanding crop, with

fruit bearing areas distributed equally between kibbutzim and family

farms in the moshavim and on private land. In the future, it can be

expected that expansion will be mostly in the kibbutzim and in the

moshavim shitufiyim in which 65 percent of the young orchards are

planted. Compared to cotton, the marketing of avocado is in the opposite
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side of the spectrum. The fruits are exported to local markets--mostly

to France, with small quantities to other countries. These are markets

that were developed by Israel's exporters and we supply them with

approximately 90 percent of the avocado consumption. Increased supplies

reduce prices. The ability to sell the expected future output will be

determined by the expansion of demand in France and in the other

European countries.

Flowers and vegetables are labor intensive crops, requiring both

self employed labor and hired hands, and are suitable particularly for

the family farm. They are seasonal crops exported to Europe in the

winter when the local production is limited and expensive. In both lines

we face competition from production in Spain, North Africa, Kenya and

even Columbia (flowers). The European market is rich and choosie and

successful export of flowers and vegetables from Israel depends on high

standards of quality. In vegetables one of the central quality problems

is length of shelf life--air transportation is expensive and surface

tranport takes several days. A large part of the reseach effort was

directed to the development of long lasting tomatoe varieties and these

are the ones now exported. The fruits and the vegetables we export are

off season luxury crops; flowers exhibit even stronger characteristics

of such products and their demand depends on the season, holidays,

. weather, and fashion. The buyers ask for an excelling flower--in quality

and often in innovativeness--and our share in the market will be

maintained only if we can modify types and varieties with changing

tastes. In flower marketing we cooperate with the Dutch: we supply in
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the winter months he needed types to complete the line of flowers the

Dutch export, particulary to Germany; the Israeli exporters were

therefore accepted to the exclusive Dutch flower exchange. However,

competition with other ocuntries developes even within this mode of

operation.

Because of its size and age and because of its special marketing

problems, the citrus industry occupies a special position among the

exporting products. Soome 30,000 workers, seasonal and full time

employees, are associated with the industry, and this is a central crop

in the family farms--40 percent of the area is on private land and a

similar share is in the moshavim; the share of the larger, communal

farms in this industry is comparatively small. Israel's citruses are an

important factor in the export markets but our share is declining.

Twenty years ago eighty percent of the grapefruits consumed in Europe

were from Israel, today our share is less than 50 percent; in oranges

Israel's market share declined form 40 to 20 percent. The decline is due

to the entrance and expansion of competitors, mostly from Spain but also

from other countries. The competitors have advanced technologically, and

enjoy short distances to the markets and, hence, reduced costs and

higher quality. Recently a new product appeared in the grapefruits

market--American, sweet, pink fruits. They fetch comparatively high

prices. Experiments are now conducted in Israel to increase product

differentiation and quality classification to strengthen our competitive

stand.
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Export agriculture operates in more difficult and unstable

environments than the sectors producing for the domestic market. As

seen, the difficulties are due to strong competition and to developments

in the international exchange markets. These factors cause income

changes and uncertainty. In an attempt to dampen exchange oscilations,

the government introduced the instrument of exchange rate insurance

(against a premium, exporters are assured against appreciation of the

currency--each month compared to the previous quarter) but the dampening

is only partial and it cannot, and is not intended to overcome secular

changes. In Europe Israel's exports also enounter problems associated

with the common market agricultural policy. So long as this market was

composed mostly of northern countries, its main interest was in ample

supply of fruits, vegetables, and flowers in the season in which we are

not competing with local producers. With the entrance of Spain and

Portugal to the market, countries competing with Israel's agriculture

will become full fledged memebers in the European community. Their

interest will be to halt competitive imorts, Israels's included. Our

exports will face tariffs and administrative obstacles. The agricultural

policy of the market is decided together with general national and

international policies of the European community; reaching convenient

marketing conditions is a general policy challenge for Israel.

Government Support and Its Effect

In most developed countries, government involvement is larger in
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agriculture than in the other sectors of the economy. The purpose of

this involvement is, most _often, to protect stable income, to insure

orderly food supply, and to maintain agricultural and rural population.

In Israel, in which agriculture was formed mostly by newcomers with no

economic means who settled on national land with public assistance,

government's intervention is naturally intensive.

The intervention is in planning, settlement, research, legislation,

•extension, in establishing the marketing boards and in participation in

their operation, in the creation of Agrexco--the major export

company -and in economic assistance. The government also operates in

trade: it is the sole importer of beef, sugar and grains for bread, feed

and oil. The eocnomic assistance is provided through two major channels:

product and factor subsidies, and credit. The support is detailed in

Table 8. The main arguments for the support in export and water are the

balance of payments and settlement in dry areas. The level of the

subsidies to animal products in determined in two separate routes. I

the one, a producer price is calculated-for milk, eggs, meet--following

cost estimates of the Farm Income Institute. The Institute is an

Independent agency, operated jointly by the government and farm

organizaitons and relying professionally on the Central Bureau of

• Statistics. Its findings are accepted as the basis for cost accounting

in agriculture. In the second route a consumer price is set, reflecting

considerations of assistance to low income families, anti-inflation

policy and budgetary constraints. The subsidy is the difference between

producer and consumer price.
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The way the subsidies are set may imply that public support effects

only the price the consumers pay and not the farm situation. However,

basically, the level of the subsidies and support policy determine the

size of the supported industries. An alternative policy may be to set

consumer prices such that they cover production cost, or to permit free

imports of milk substitutes, cheese, and meat. In both these cases, •the

demand for the local product would have been lower than today and the

livestock industries would have been markedly smaller.

Credit in Agriculture

Agriculture in Israel is capital intensive. The source of most of

the finance used for capital accumulation, and so also most of the

finance for current factors of production, is in outside credit and not

farmer's equity capital. Several reasons explain the reliance on

exogenous finance: the families in Israel, and some of the firms in

certain periods, .save and transfer their savings to production units,

including in agriculture; in a modern economy capital markets,

particulary banking services, efficiently transfer funds from lenders to

borrowers and as a result the transferred volume of credit is relatively

large; the intervention of the government in the capital markets is

widespread in Israel, and the public sector is an important channel

transferring savings and foreign aid to the eocnomic sectors;

government's intervention in financing the farm sector is a direct

continuation of agriculture being the major eocnomic project of the
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Zionist movement--the settling of pennyless Jews on national land with

public assistance.

Agricultural cooperation ..is mostly in credit: the cooperatives in

• the moshavim and the regional supply cooeratives are financial

intermediaries transferring credit between members and from outside

sources to memebers and to reginal enterprises. On the one hand,

cooepration enhances the transfer\of credit to agriculture and, on the

other hand, the large volume of credit and its central direction, often

• through the cooperative organs, strengthen cooperation in agriculture.

Many sources supply credit to farmers. The development budgets of

the government and the Jewish agency are used to finance investments;

aid to export--in inputs, in production and in transport--is in the form

of specified credit; in part (decreasing recently) production for the

local market also enjoys preferential credit; farmers get credit from

suppliers of factors of production; and they and their cooperative

intermediaries apply directly to commercial banks for additional credit.

The volume of credit to the agricultural sector doubled between

1970 and 1983 (Table 9). The share of the banking system in total farm

credits grew over that period from 34 to 71 percent. The sector of the

kibbutzim succeeds in mobilizing twice the volume the moshavim got; the

share of the citrus industry declined markedly over the period. An

interesting apsect is that approximately 45 percent the total banking

credit is transferred through companies and farmers' organizations and
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not directly to individual producers.

The ratio of credit to output is higher in agriuclture than in the

economy at large. In 1970 is was 3.6 times larger, more recently it was

twice as large. This credit intensiveness is a testimony both to capital

intensity in agriculture and to the reliance of the sector on outside

sources of finance. Similarly, outside finance for investment in

agriculture is generally complete, while in manufacturing it is only

partial (though for certain periods the conditions of credit for

manufacturing were more convenient than for agriculture). When the cost

of short term credit is low and the supply of long term credit is

constrained, farmers finance capital outlay with credit intended to be

directed to current production expenses.

Unlike ocnventional inputs that the farmer can purchase at will at

the given price, the volume of credit is quantitatively limited and,

therefore, the mere availability of public credit is already a form of

aid. In addition, the directed credit is subsidized and its cost is

lower than the real market rate. The cost of credit, both of the freely

provided and the directed, is strongly affected by inflation and by the

changing direction of the monetary policy trying to cope with rising

prices. So in Israel (Table 9 part B; note that parts A and B do not

cover identical periods) cost of free banking credit was 2 percent per

annum in 1978, 34 percent in 1981, and 3 percent in 1983. The

variability was even larger for free credit in foreign exchange. The

subsidy of directed credit is large especially in comparison to the cost
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of free market credit. The particular low cost of after tax credit, that

is to farmers paying income tax and who can write off interest payments,

Indicates how undesired it is, from the point of view of the farm

operator, to finance investment and production with equity capital and

Is another reason--added to the causes mentioned earlier--for the

reliance of the farming sector on outside finance.

The intensive credit subsidization aids in deepening capital in

agirculture. However, large debts are dangerous for farmers building

their enterprises on the basis of outside finance--as worsening terms of

credit can create heavy monetary burdens. Particularly dangerous is the

position of those who financed investments with short term credit, and

indeed, increased cost of credit in 1984, part of the anti-inflationary

effort, harmed markedly the ability of many to operate their farms at

previous lines.

The intensive involvement of the public agencies in agriculture,

iprticularly in its finance, naturally creates a degree of responsiblity

to share the difficulties of the sector. As a result, the common

solution to financial entanglements is a conversion of short term credit

to long term subsidized loans at comparatively low. cost. Such a

responsiblity, even if implicit, creates the need to participate in the

decision making process, in monitoring, and In control. A special

administrative arm--centralized credit--was established to meet these

needs. An agricultural entity as a kibbutz, or a moshav, operating

within the system enjoys preferential credit conditions provided all its
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financing goes through a single bank and its farm program, particularly

investment program, is prepared with the Ministry of Agriculture and the

bank and is approved by their representatives. In this way the public

agencies limit and monitor the reliance on credit. The framework of

centralized credit was, however, gradually abandoned when, more

recently, its credit conditions were not much better than market rates

and when the ssupply cooperatives credit independently and channeled it

directly to the moshavim and the kibbutzim. Financial intermediation of

the supply cooeratives makes monitoring particularly difficult in the

moshavim in which the credit is again distributed by the local

cooperatives to the individual farmers. These difficulties induced a new

trend, both in the Ministry of Arioulture and the supply cooperative, to

turn to individualistic treatment--directly with the individual farmer

in the moshav, not through the cooerative credit and administrative

pool.

Productivity and Terms of Trade

Investment opportunities, public support to factors of production,

research, extension, highly developed infrastructure and alert

farmers--increased significantly productivity in agriculture over the

years. The conventional method of measuring productivity changes is

based on viewing agriculture as utilizing two main factors of

production--labor and capital--and creating the product, value added.

The rise in the ratio of product to aggregate input of labor and capital

is an estimate of technical change, of productivity increases. The
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natural resource limiting the development of agriculture in Israel's

water. The use of land did not change much and land's value in

production, without water, is not large; land is therefore not included

explicitly in productivity calculations.

Figure 2 depicts data on labor and capital inputs and on the

product; productivity is measured as the difference between aggregate

Input and output and it grew at an annual rate of 6 percent. Most of the

increase in product in Figure 2 is due to increased productivity: to

technical changes realized in improved machinery, better seeds, methods,

chemicals. We do not know what the separate contribution of these

factors to productivity was and we also do not know what the

contribution of the factors in public control--research, extension,

services was. In the absence of this knowledge, productivity measurement

has only limited meaning. Particularly limited is the comparison of

productivity measures between periods and industries. It has been

estimated, for example, that productivity in manufacturing increased

during the '70's. by only 0.6 percent per year; a rate which is only a

tenth of the rate of technological change in agriculture. Before we know

more about the factors contributing to productivity, we cannot take such

wide industrial differences as reliable and we cannot reject the

possibility that these difference are due largely to different

measurement methods and definitions.

Changes in productivity in, agriculture are associated with changes

in the terms of trade--the ratio of product price to the price, of the
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major inputs--labor and capital. This measure was reduced in 1983 to a

third of its 1955 level (Figure 3). This reduction parallels the 6 fold

increase in productivity over the same period. The change of the ratio

of the price of the product to the price of purchased inputs also

resembles the changes in the sector's terms of trade in Figure 3.

Increased productivity facilitated worsening terms of trade. Two

economic mechanisms operate here: the one is that as productivity

increases, supply of agricultural products expands and their prices

declines relative to the price of inputs. The other mechanism is that

exogenous worsening of the terms of trade causes imporved productivity

which is realized in the exit of less efficient farmers and in adoption

of improved methods and varieties.

One of the major components of the terms of trade affecting. the

devleopment of agriculture is the increase in wages, originating in

increased income outside of agricultural and causing structural changes

in the farm industry. Labor income in agriculture also rised--both

explicit wages of hired laborers and returns to labor of self employed

farmers. Real wages can be calculated in two ways: from the point of

view of the employee,interested in the purchasing power of his 'icome,

the appropriate measure is wages divided by consumer price index. From

the point of view of the farm oerator, who has to pay the wages

(including an imputed wage to himself) the appropriate measure is

delfated by the price of the agricultural product. The two measures are

depicted in Figure 3: wages in terms of product rose more than wages in
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terms of purchasing power--this is a reflection of the reduction of the

price of agricultural products relative to the price of the aggregate

consumer basket of goods.

The Family Farm in the Moshav

More than 43,000 farms were counted in the 1971 Census of

Agriculture; of these 23,000 in moshavim, 6,000 Jewish private and

14,000 non-Jewish. Information on family farms is incomplete, but we

know relatively more on the farms in the moshavim than on others, as the

cooperative organizaiton facilitates better collection of data.

There are in Israel (December 1982) 405 moshavim, 77 of these were

established before the creation of the state and 328 after 1948. Newly

established moshavim are under the auspices of the Jewish Agency--85

today--the others are served by the Ministry of Agriculture.

Many of the moshavim established after 1948 lack factors of

production and their farms do not support full time employment in

agriculture. And indeed part time farming is widely practiced in the

family farm sector, the phenomenon is particularly prevalent in moshavim

close to urban sectors and in those lacking economic resources. Table 10

reports employment of farm operators on and off their farms for 1976.

The data in the table are averages and the presentation, side by side,

of off farm workers and hired labor is partly due to the fact that the

average farm stand both for farms with off farm work and for farms with
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hired labor. But the combination of the two on the same farm can also be

found--seasonally or on a continous basis. The number of operators

finding full time employment on their farms is limited; • was estimated

that only a third of the farmers do not work off their farms.

The distribution of employment also means a distribution of income

sources--from farming and from outside sources. There is no systematic

reporting of these incomes. The most detailed information available is

from the sample prepared by the Institute of Farm Income Research for

1976 (Table 11). By the sample, the share of income from thhe farm

amounts to 45 percent of the total income of the farm family, and 55

percent come from outsides sources; in these--less than 10 percent from

the cooperative enterprises. Most of the income from outside

sources--approximately 70 percent--is from off farm work.

Average income hides variability. Small, partly operated farms are

losing enterprises the owners of which subsidize--in an appropriate

calculation--their, farm activities from other sources. Beginning farmers

are also low income operators; well established farmers, on the other

hand, have the factors of production and the capacity to reach high

income in agriculture and elsewhere.

The comparison of income of farm families to that of urban dwellers

is difficult as the data are not prepared on a common basis. A recent

estimate (Finkelshtain) indicates that average income of a farm family,

from all sources, is markedly higher than that of urban salaried family,
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but the gap is, by the same estimate, closing: farm income rose In the

70's at the annual rate of 1.5 percent, urban salaries--by 5 percent per

annum.

The structure of the farm in the moshav, the composition of the

farm enterprises, is strongly connected with the structure of employment

of the farm family. Changes between 1971 and 1981 are surveyed in Table

12. The number of orchard growers doubled between the census

years--fruit growing is suitable for farmers with outside employment,

particularly if routine cultivation and harvesting is given over to the

cooperative in the moshv or to hired laborers. The number of farmers

cultivating field crops declined to a half over the 70's; this is the

decade .in which local production of sugar stoped and therefore also the

production of sugar beet in the Negev and Taanach areas. The number of

flower growers increased five folds--this is a major export line of the

family farms. Milk production was concentrated gradually in the hand of

small number of farmers; this is an enterprise requiring full

employment on the farm. The number of cowes per dairy grew 3 times

between 1971 and 1981.

The trends surveyed in Table 12 reflect both structural changes

that enabled expansion of farm work and concentration of the enterprises

requiring complete attention in the hands of a small number of

operators. It can be assumed that more recent worsening of terms of

trade and the associated reduction of profitability of exports reduced,

in later years, the number of flower growers and caused further
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expansion of part time farming in the moshavim.

As mentioned, part time farming reflects lack of production

capacity and availability of alternative income off the farm. It also

reflects the fact that there are operators who find it hard to manage

successfully their farms in the current economic circumstances in

Israel. And indeed, in a survey of family units conducted by the

Ministry of Agriculture, the farms were divided into 3 groups: in the

first, 27 percent of the units that were regarded as economically

viable; 43 percent were classified as in need of assistence in

investment and in production quotas in order to shift to a path of

economic independence; and the situation with 30 perccent of the family

farms is so difficult, or their alternatives so good, that the Ministry

of Agriculture suggested not to assist then at all.

In addition to the moshavim surveyed by the Ministry, there is

another group of 85 moshavim, mostly in the care of the Jewish Agency,

joining the ranks of the needy. In these moshavim there are, in many

cases, very few families and the aim of the agencies is to double and

triple the number of families to reach municipal, social and economic

• viability. Expansion of production in these villages as Well as in those

served by the Ministry of Agriculture will be possible only if markets

for their products can be found.

Cooperation in Agriculture
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Israel's agriculture is characterized by widespread cooperation. In

the kibbutzim both production and consumption is collective; in moshavim

shitufiyim production is collective while consumption is in private

households. Moshavim are villages of independent farmers cooperating in

production, marketing, social, and municipal services. The villages

• operate joint enterprises--in many cases orchards or field crops away

from home. Both moshavim and kibbutzim are serviced by supply

cooperatives, mostly regional organizations. Associated with these

cooperatives are other regional enterprises: feed elevators,

• transportation, enterprises, sloughter houses, water supply

cooperatives, cotton gins, and many others. Cooperation exists also in

the private sector--in finance, cultivation, water supply,

packaging--both in the Jewish and in the Arab sector.

At the national level cooperation is in the marketing boards--the

division of production quotas, in lines in which these apply, are in the

hands of the boards; most non-citrus export is conducted by Agrexco

which is owned jointly by the farmers and the government; all citrus

marketing, domestic and foreign is conducted by the Citrus Marketing

Board.

Cooperation enables realization of economies of scale in marketing

and procurements and concentration of economic and political power.

Economic and political cooperation support each other. Economic

cooperation creates the framework for political action, it provides the
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channels for public economic support of agriculture (motivated

politically), it is the breeding ground for the representatives moving

from local economic activity to the national political arena. The

political sector supplies the economic assistance, the legislation and

the organization. The marketing boards, for example, rely in their

operation on specific laws and are assisted administratively by the

government.

Of particular significance is the cooperation in credit, perhaps

even the most important form of cooperation. The cooperatives in the

moshavim and at the regional level, are financial intermediaries,

channelling funds between members and between outside agencies and

commercial banks and members. Mutual help, both at the moshav level and

at the regional level is also financial. The financial intermediation

relies on close contacts with members and on pooling of risk: banks will

prefer to lend to a cooperative rather than to a single farmer or even

to a single moshav.

Basically cooperation is voluntary--only those willing to share in

communal life will join a kibbutz, and a farmer who chooses a lower

level of cooperation will go to a moshav. But inside the cooperating

group, cooperation is often forced: a citrus grower can market only

through the Board and the only way to avoid this form of cooperation is

to cease being a citrus grower. The reason for enforcement is that exit

from cooperation can cause the group a much larger damage than the

damage to the individual who exits. An example is water pumping from
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common ground water reservoir; by law, well owners are forced to

coordinate pumping because the cost to the single owner of further

pumping is smaller than to the group utilizing the reservoir as a whole.

In other cases, enforcement is less clear and obligatory. In citrus

there is, as mentioned, only a single marketing body; two companies

export avocado and several compete in flower marketing in Europe.

The cooperative systems in agriculture are run democratically and

the members have often to overcome private interests to maintain

cooperation efficiently. In the moshav, were members specialize in

separate lines or production, some joint action will improve the

economic position of certain farmers, others will affect favorably

different operators. Voting according to members' own interests

handicaps the pursuit of the common benefit. This difficulty is not

encountered in the kibbutz, where production and,comsumption decisions

are made separately. Here is the solution of the major paradox of

cooperation in agriculture in Israel: in the kibbutz, which is

comparatively further removed from the traditional social mode of

organization, cooperation functions smoother and more efficiently than

in the moshav where the family has been kept in the center of economic

activity. Cooperation is the moshav is particularly challenging.

A further difficulty is encountered by the marketing boards. As

cooperative bodies they have to pay their members according to patronage

principles--reflecting average and not marginal returns--and they cannot

use the price mechanism effectively to direct production and supply.
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The difficulties and limitations of cooperative action, on the one

hand, and its many potential advantages, on the other, justify careful

examination; particularly where cooperation is forced.

Summary and Evaluation

Like their colleagues in other developed countries, Israel's

farmers produce ample suply of food, fibers and ornamentals. They do it

in many cases on a part time basis, using only partially the resources

at their disposal--particularly capital assets, labor, and managerial

ability. Given markets, supply could be expanded with only little new

investment. As these lines are written, the agricultural year of 1984 is

summarized--it was a bad year, with low export prices and reduced

income. There are signs that 1985 could turn out to be better. But to

evaluate long term prospects, we have to examine possible long term

developments in the sectors which affect agriculture--the markets and

the national economy.

A major factor affecting the export markets is the reduction, in

recent years, of the value of European currencies relative to the

dollar. There are good reasons to believe that this trend will change,

but plans cannot be based on the return to the rates of exchange of the

late 1970's. It is more probable that, if stabilized, the exchange rates

will be at the 1960's level (see Figure 1). Similarly, it may be that

increased incomes and living standards in countries competing with



Page 33

Israel's export will reduce the size of their agricultural industries

and their supplies, but it is more likely that improved technology and

investment will increase their potential production, for outside

markets.

Domestic economic processes may have contradictory effects on

agriculture. Reducing inflation may reduce income and cause a return of

labor to agriculture; renewed economic growth will have the opposite

effect. A policy to improve balance of payment will increase the real

exchange rate, but such a policy will also reduce export subsidies.

If the developments described here as probable will be realized,

Israel's agricdlture will be able to expand again only if it will

produce at growing efficiency. There are, therefore, many who see the

future of Israel's agriculture in knowledge intensive production. If

this direction proves successful, agriculture will expand; but if not,

we will again face the trends of the past--of production to limited

markets and reductions in number of workers.

If this last possibility will materialize, agriculture will undergo

severe adjustment processes, with particular hardships in the sector of

the family farms. The comparative advantage will tilt from the labor

intensive lines such as vegetables and flowers to large scale products,

mostly field crops. Many farmers will transfer land and water to local

and regional cooperatives and seek employment outside their farms.

Cooperation will be more difficult.
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If "young" moshavim will be strengthened, established areas will

have to contract. In a national economy growing at rates similarly to

those enjoyed by the Israeli economy in the fifties and the sixties,

exit from agriculture will be to improved income opportunities. If not,

adjustment will be accompanied by reductions of income levels or wide

scope public assistance. The test of the sector's organizations and

institutions will be in their ability to exploit opportunities as they

arise and to pass with minimum hardships worsening economic

circumstances, if needed.
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Table 1 : Agriculture in Israel--Characteristic

Sections for 1983 (percent)

Groirpslof ptoduCts Destination of Product 

Livestock 38 Local consumption 38

Orchards and ornamentals 26 Direct export 27

Field crops and vegetable 36 Manufacturing 30

• Home consumption and

intermediate products 11 

Total 100 Total 100

* Product(
Product by sector Product per day Fresh Export 

41 156 Citrus 34

35 82 Other fruits 12

17 94 Cotton 23

7 • 46 Flowers 17

100 100 Vegetables, peanuts,

(***
Communal'

Moshavim

Moshavot and private

Non Jewish

Total and average

Total

seeds 11

Livestock 3

100

**)

* * *

The data are for 1976.

Relatively, to average in agriculture.

Communal: kibbutzim and moshavim situfiyim (with collective production and

private households).

Sources:

For 1983 data--Ministry of Agriculture, Economic Report on Agriculture and the

Rural Area, May, 1984.

For 1976 data--Ministry of Agriculture, Production, Value Added, and Input of

Labor in Agriculture; Normative Estimates for 1976; April, 1978.

Note: Years are agricultural years October 1 to September 30.
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Table 2 : Production and Income Account for 1979

Million
PercentShekel's

Agricultural Production 3,706 - 100
of this: Field crops 2,239 60

Livestock 1,351 37 ,

Investment goods 116 3

Factors purchased from other sectors 1;928
Net domestic product (in agriculture 1,778
Compensations for natural damages 10
Income originating in agriculture 1,788

Distribution of income 

Wages to hired labor 422 24
Interest and rent 271 15
Residual: returns to own labor, 1,095 61

equity capital, and profit

Source: Annual Statistical Abstract of Israel, 1980.
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Table 3: - Inyuts and Major Factors of Production

Area Culti- Irrigated Labor
vated(thou-- (thousand (thousand
sand dunams) f dunams) employed)

Capital(gross,1Feed (Grain,I Water .
Index I oilcakes, ICmillion

1976 = 100) thousand ton m3)

Fertilizer Purchased Inputsl
(thousand (Index

tons) 1976 = 100)

21.6 37

33.7

1 1956

1960

1965

1970

1975

1980

1983

'Growth (Annual

{percentage ave-

rage

3,590

4,075

4,130

4,105

4,325

4,386

4,370

890

1,305

1,510

1,720

1,800

2,003

2,200

102.2

121.1

114.1

89.8

80.4

87.7

84.2

34.5

50.6

66.1

80.6

96.8

103.6

102.8

0.7 3.3 -0.6 4.0

279

597

755

933

1,373

1,501

1,628

760

1;060

1,095

1,340

1,230

1,223

1,239

6.5 1 1.7

37.0

53.1

64.9

73.7

75.9

65

83

110

144

163

172

4.6 5.6

NoteL Fertilizers--N + P205

Source: Annual Statistical Abstract of Israel, 1984; water--partly from Economic Report on Agriculture

and Rural Areas, various years.
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Table 4 : Crops and Livestock

Citrus

crops, area in thousand dunams, 
Other 'Field Flowers Fish Ponds
fruits Crops and (thousand

Ornamental dunam)

Vegetables
and

Potatoes

livestock

• 1955 195 320 I 2,3701 263

1960 328 394 I 2,4511 264

1965 410 425 2,6331 301

1970 420 420 2,5181 346

1975 425 436 2,6951 368

1980 412 490 2,5931 355

1983 370 560 2,5001 340

Growth (Annual ratel

of change, percent)! 2.3 2.0 0.2 I 0.9

Dairy 'Beef
Cattle 'Cattle
(thousands)1(thousands)

37 I 73.0

49 I 127.0

61. 120.3

4.7I 54 1 144.2

51 I 189.1

17.3 I 39 I 178.5

15.0 I 37 I 185.0

Layers
(millions)

11.1 3.2

58.4 7.8

56.8 7.0

61.5 7.0

97.3 8.0

100.5 8.5

105.0 9.2

3.3 8.4 3.8

' The figure is for 1971.

Source: Statistical Abstract of Israel, 1984.
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Table 5 : Production of Major Products

I Production
1(Index 1968 = 100)

Wheat

jTotal Crops 
Live-
stock 

1955 32 34

1960 1591 54

1965 1.851 84

1970 109 110

1975 149 150

1980 179 j 196

1983 1 215 1 244

IGrowth (average

'Annual change, 7.0 7.2

Ipercent) I

'Cotton,
Barley

iFi
b
er

hous and

Sugar
Beet

Vege-
tables

1Citrus
Other
Fruits

Poultry 
BeefMeet

tons

Milk
(million
liters)

Eggs I Fish

(millions) 
l(thousand
tons) .

32 36 42 2 21 209 392 1 7 1 16 6 159 504 4

-66 41 27 11. 245 I 296 j 610 38 46 251 277 1,114 14

87 150 67 22 295 1 307 878 I 101 1 74 311 323 1,296 19

109 125 14 35 237 472 11,262 . 139 102 361 440 1,320 22

148 243 1 21 1 49 259 609 11,506 177 173 371 582 1,570 22

159 253 29 78 - 607 11,543 163 200 401 670 1,615 25

179 335 38 93 - 779 11,530 239 250 341 762 1,803 22

1 I I 1

6.3 851-03114.7 - 4.8 1 5.0 11341 10.3 1641 5.8 4.7 2.5

1 I

Source: Statistical Abstract of Israel, 1984.
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Table 6 : Destination of Agricultural Output

(Percent)

•
Local

Consumption
Manufac-
turing

Direct
Export

Domestic
Consumption
Per Casita

(1) (2) (3) (4)

1957 I 44

1971 42

1975 I 42

1979 . 32

1983 I 36

31

28

25

30

90

95

31 1 27 105

31 37 86

33 I 31 I 108

Domestic Consumption per capita: Index, 1972 = 100.



Table 7 : Agricultural Export—Major Lines

(million dollars in 1972 prices)

Total Citrus
Non-Citrus Export

Total Crops Flowers Vegetables Avocado

1972

1975

1978

1981

1983

158

193

258

267

274

108 52

125 71

120 139

114 153

91 I 184

19 I 9

31 1 11

62 I 33

58 I 36

72 I 41

8

8

17

28

23

4

6

13

6

30

Note: Crops:Cotton, ground nuts and wheat.

Most of the growth in this group is due to.cotton..

"CI

Ot1
CD
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Table 8 : Subsidies and Value of Product in 1983

(billion Shekels)

In.prices of products to the local market:

Dairy milk

Eggs

Poultry meat

Page 45

value Rate of
Subsidy of subsidy

product (percent)

6.4 10.2 63

2.6 5.8 45

4.6 15.5 30

Direct subsidies:

Other products for the local market .1

Indirect subsidies for local marketing

(credit) 0.7

Export

Direct 1.3

Indirect 3.9

Other subsidies

Feed .3

Water 4.2

Total 24.1 114.4 21

Source: Ministry of Agriculture, Economic Report of Agricultural and Rural

Areas.



Table 9 : Credit to Agriculture

PART ONE

Page 46

(Credit outstanding, end of year, in million Shekel of September, 1981).

1970 1974 1978 1983

A. Estimate of total credit to agriculture 11,052 13,375 16,113 22,020 .

Credit from commercial banks 3,792 5,226 8,945 15,622

Djstribution of bank credit (percent)

Kibbutzim - 18 21 27

Moshavim - 8 12 14

Citrus, growers and marketing - 20 12 4

Marketing agencies - 21 24 16

Supply cooperatives and other farm services - 24 23 ,28

Others - - 8 811

B. Credit to the public relative to gross national

product in Israel (percent) 34 38 43 53

Credit in agriculture relative to gross

Sector's product (percent) 125 98 106 118

C. Investment in agriculture 1,576 2,441 2,985 3,444

Finance of investment in agriculture (percent) 100(* 89 93
(*Finance of investment in manufacturing (percent) 10 43 52
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' Table 9 (cont.)

PART TWO

Real cost of credit (percent)

1978 1980 1981 1983

Before taxes

short term banking credit in local currency

In foreign currency

Directed credit

in local currency

in foreign currency

19 34 -3

-6 16 43 36

-24 -39 -28 -44

-14 —3 18 13

After taxes

Short term banking credit in local currency -19 -27 -16 -2

In foreign currency -23 -31 -18 17

Directed credit

in local currency -29 -50 -43 -20

in foreign currency -25 —36 -22 6

The figure is for 1969.

Sources: Bank of Israel, Annual Report (various years),

Banking Credit by Industry (various years),

Bank of Agriculture, Annual Report (various years).
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Table 10 ? Labor on the Family Farm in 1976

(days of work per year)

I On the Family Farm Family
labor
off the
farm

Total
family
labor

Own
Labor

Hired Total

'In the established mos4av I 216 I 120 I 336 I 136

'Young moshav, partly established 170 I 78 I 248 I 174 344

'Young moshav,not established I 141 I 47 I 187 I 168 309

'Private farming

352

163 I 181 I 344 I 63 I 226

Notes:

Established moshav--established before 1948

Young--after 1948

Partly established--under the auspices of the Ministry of Agriculture

Not established--The Jewish Agency.

Source: S. Shklanevitz, The Family Farm in 1976, Farm Income Research

Institute, Tel Aviv, 1982.
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Table 11 : Distribution of Income by Source--.

Jewish Farm Families in 1976

(Thousand IL.)

Total
_

Farm Off farm
Income Income Income

Moshavim

Established moshav

Partly established

Young not established

Average per farm in moshav

Private

Average family farm

Of this: Non-active farms

Active farms

A farm with product less than
25,000

A farm with product of more than
25,000 IL.

108.4

82.1

62.0

80.1

102.7

82.4

52.5

87.5

65.2

29.8

17.5

33.1

73.6

37.2

-2.7

43.8

43.2

52.3

44.5

47.6

29.1

45.2

55.2

43.7

67.4 I -3.8 I 71.2

89.8 49.4 I 40.4

Notes and Sources: See Table 10.
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Table 12: Product Composition in the Moshav

Number of
producers

Units perr,
producer'

1971 1981 1971 1981

'Orchards

'Vegetables and potatoes

'Field crops

'Flowers

[Cattle

'Poultry (layers)

7,240 114,6311 31.5 23.4

5,882 1 6,3051 20.6 22.2

113,809 I 7,1631 61.7 29.3

1 890 I 4,7501 3.8 2.4

5,917 I 2,1581 18.9 58.5

119,155 I 7,8821 0.8 1.5

*) Dunams except cattle (number of heads) and poultry (thousand

layers

Source: Carmel Nadav? Analysis of Changes in the Moshav Farms in the

1970's, M.Sc. Thesis, Hebrew University, Rehovot, 1985.
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STRUCTURE AND REFORM OF AGRICULTURE
IN ISRAEL

Yoav Kislev

Editors' Note: Throughout Central and Eastem Europe and the succe6sor states of the USSR, forms of
cooperative agriculture will persist for some time, even with private ownership of land and strengthening of the
market economy (see Brooks, this volume). Within the region many agriculturalists expect new producers'
cooperatives to be economically viable in a market economy. The Israeli experience is one of the few in which
collective agricultural production on a large scale has been attempted in a market economy open to world trade.
As Yoav Kislev argues, the experience has not been wholly negative, but neither does it support the view that
agncultural producers' cooperatives can be strong, durable, and competitive forms of organization in a market
economy.

Israel's agriculture has been subjected to excessive cooperation and common action,
mostly due to government policy. Forty years ago the government made membership in
cooperatives the only option available to new settlers, and it failed to create the conditions for
individual action when circumstances changed. The government encouraged cooperatives to
overexpand, and it forced common action, through, for example, monopolistic marketing boards.

The record of cooperation in Israeli agriculture is not wholly negative. Cooperation and
active governmental policies contributed significantly to the impressive achievement of the
sector: the creation of a sophisticated and technically advanced agriculture producing abundant
amounts of food and fiber for home and export markets. At the same time, however,
cooperation and government intervention propelled agriculture into substantial difficulties during
the last several years. Rather than presenting a balanced view of Israeli agriculture, this paper
focuses on recent experience and problems.

GROWTH AND INFLATION

Israel is a small country with a population of 4.5 million. Half of the country is desert,
and half of the 430,000 hectares of cultivated area is under irrigation. Israel is a middle income
country with per capita GNP of $9,500.' Agriculture contributes 3.5 percent of the Net
National Product and 10 percent of the country's exports, and employs 5.2 percent of the labor
force.

* Yoav Kislev is professor of agricultural economics at the Hebrew University, Rehovot, Israel.

Unless stated otherwise, all dollar amounts are current U.S. dollars.
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After the war of independence of 1948, the newly established state had to struggle for
economic survival, and absorb a large number of immigrants who came almost simultaneously
with the flight of 600,000 Arab refugees. By the mid-1950s, Israel had embarked on a path of
economic growth that continued at record rates for twenty years. Growth slowed significantly
after 1974.

The country had two periods of severe inflation. The first was in the early 1950s when
a fledgling government strove to finance war and reconstruction with a small tax base and a poor
administration. Prices increased 56 percent in 1952. The second wave of inflation started in
the mid-1970s and accelerated thereafter. It halted in 1985 after reaching an annual rate of close
to 800 percent. Since then, inflation in Israel has been approximately 20 percent per year. The
rising prices in the inflationary periods were fueled by an expanding supply of credit, much of
it imported.2 Market interest rates lagged behind inflation, and real rates of interest were
negative for most of the years between 1974 and 1985. These conditions encouraged
overinvestment and discouraged saving. Interest rates also lagged when inflation decelerated in
1985; consequently, real rates reached extremely high levels. Agriculture was much affected
by these macroeconomic and monetary developments. The sector enjoyed growth and rising
incomes when credit was in ample supply, but found itself in a deep crisis when inflation halted.

AGRICULTURE: FOUR DECADES

The 1950s began with food shortages and rationing. The foreign currency constraint
eased early in the decade and agricultural expansion, through settlement and increased utilization
of factors of production, became possible. The number of moshavim (family-owned farms in
cooperatives) and kibbutzim (communes) more than doubled, as did the cultivated area. The total
irrigated area quadrupled, and output grew tenfold in the following four decades. Terms of trade
and real output prices improved until approximately 1965, but followed a downward trend
thereafter (table 15-1).

Exports expanded in magnitude and diversity during the 1970s, and production and
marketing became increasingly sophisticated. Investment in the rural sector increased
substantially toward the end of the 1970s. In the kibbutzim, a great part of the investment was
in manufacturing enterprises. This surge paved the way for the later crisis.

The beginning of the 1980s differed little from the preceding decade. Gradually,
however, the agricultural sector stagnated; productivity did not rise with investment, and
agriculture, particularly its cooperative sector, accumulated a debt burden it was later unable to
service. The crisis erupted in July 1985 when, as part of anti-inflationary policy, credit was
severely squeezed and rates of interest sky-rocketed.

The debt burden continues to create uncertainty about the sector's prospects. Agriculture
may emerge in a few years reformed, stronger, and healthier, but the pill may also be too hard
to swallow.

2 This was partly recycled oil money which was made available on convenient terms to Israeli banks.
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Tabk 15-1. Israeli Agriculture: Key Data, Seleaed Years 1955-88

Gross Net Real
Capital Domestic Terms Output

Irrigated Stodc Product of Price
Area Emploment Index Index Trade Index'

(thousands
of

Year hectares) (thousands) (1976=100) (1975=100) (1976=100) (1976=100)

1955 890 102 35 19 - -
1965 1,510 114 69 51 119 99
1975 1,800 80 95 95 100 102
1985 2,327 89 112 177 90 85
1988 2,156 80 109 172 95 66

- Not available.
a. Ratio of output to input price index.
b. Output price deflated by the consumer price index.
Source: Israel 1989.

GOVERNMENT INTERVENTION IN AGRICULTURE

Israel is a free market economy mixed with government intervention that is especially
intensive in agriculture and in the capital markets. The government's goals in agriculture are
to support farm income, to improve food supply, and to maintain the rural population.
Throughout the years, Israel's agriculture was built mostly by penniless immigrants ignorant
about farming practices; public support for agriculture had many dimensions beyond agricultural
production. The government intervenes in planning, the supply of public services, price support,
and trade. The government is involved in almost all aspects of farm life, particularly in
cooperative agriculture.

Agricultural production policies are chiefly implemented by marketing boards. These are
semi-democratic bodies, with nominated members representing growers, traders, and consumers.
The boards are responsible for control of production, marketing, exports, and the distribution
of subsidies linked to product prices. (Investment capital and water are also subsidized, but not
through the marketing boards.)

Planning and subsidizing go hand in hand. Only livestock products are subsidized on a
regular basis and livestock production is controlled quite effectively. Efforts to control the
production of nonsubsidized vegetables and fruits have mostly failed. The rate of support
determines the effectiveness of planning in agriculture. Subsidies have not been stable; product
price supports in 1986 were only one-tenth of their 1984 level. Such wide fluctuations may not
occur in the near future, especially if inflation is kept at its current levels. In any case,
agriculture cannot expect to enjoy the same kind of support it enjoyed in the past. The
government budget is now tighter, and a significant part of the funds allocated to agriculture will
be used in the future to alleviate the financial burden of the sector. Agriculture will, moreover,
not be the critical sector in the absorption of a new generation of immigrants.
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The government's intervention was most successful in the livestock industry. Most of
the time the goals of ample supply at stable prices and reasonable income to growers were
achieved. Planning failed, however, in major policy areas. An optimal water policy was not
implemented. Not only did the government not prevent cooperative agriculture from sinking into
debt, it contributed directly to the accumulation of excess capacity and thus to the current crisis
in Israel's agriculture. The government has dealt ineffectively with marketing boards and
agricultural exports, citrus in particular, and rejected innovation. The government was similarly
ineffective in dealing with structural problems in the moshavim and prevented long overdue
changes from occurring.

These "government failures" are not incidental. They reflect the government's yielding
to myopic pressure of farm groups guided by narrow rationality (Zusman and Rausser 1991),
arrogant rejection of professional advice, basic mistrust in the market process, favoritism (often
motivated by good intentions), and inability to implement necessary but painful changes. The
government has modified its ways only when dragged into a deep difficulties, or it has clearly
and demonstrably lost the ability to enforce its policy. Water management, the Citrus Marketing
Board, and the financial crisis in cooperative agriculture are relevant examples.

WATER

There is no private ownership of water is Israel. Water is a common resource, and
belongs by law to the state, which controls its use. The national system of reservoirs and
conduits connects all important sources and users in a single network; the system both stores
water and moves it from the rainy north to the dry south.

The government allocates pumping quotas and user's rights. Water charges are set by
the government in consultation with a parliamentary committee in a process open to political
pressures (skillfully applied by the agricultural lobby). Irrigation water is subsidized at two
levels; the operating costs of the national water company and of regional suppliers are supported,
and the national system is not charged for the capital cost of the main conduits, which are
constructed with public funds.

"Water carries the subsidy to the end of the pipeline," is the argument often made in
support of water subsidy as a means of promoting farming in remote regions. Water
subsidization, however, does more than promote farming. It changes the pattern of agricultural
production in Israel. Cotton, the country's most important field crop, would have virtually
disappeared if water were charged at cost. Similarly, much of the citrus production would have
been eliminated. Subsidization increases the demand for water and the political pressure both
to allocate more water and to invest in the development of water supply.

The Water Authority, the agency in charge, is run mostly with farmers' interests in mind,
and it often yields to short-run pressures. The consequences have been overutilization,
hydrological deficits, the intrusion of sea water into the coastal aquifers, the contamination of
reservoirs, and a reduction of the carry-over capacity of the system. These detrimental effects
are accumulating only gradually and are hard for nonprofessionals to detect and comprehend,
but now (summer 1991) the combination of three dry years and poor reserves had forced drastic
curtailment of supply with harmful effects on farms, particularly on orchards. The crisis was
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aggravated when the Authority delayed its response and announced cuts in supply after the
planting of summer crops.

THE CITRUS INDUSTRY

Citrus fruits, particularly oranges, were the economy's most important export at the
beginning of the 1950s; at that time the area planted with citrus occupied half the irrigated land
in the country. In the 1950s, the citrus area expanded; new orchards were planted as demand
increased in Europe and as irrigation, skills, and availability of capital in Israel increased.

In most recent years, however, the industry has declined (table 15-2). Orchards were
uprooted and exports of fresh fruits decreased over the last fifteen years to half of their previous
volume. Part of the decline in tonnage reflects a shift from the bulky traditional varieties to
newer, more expensive types, but most of the reduction is the result of cuts in production and
diversion of fresh fruit to processing.

Table 15-2. Selected Israeli Citrus Industry Statistics

Average
Statistic 1976-79 1983 1988

Orchard area (thousands of hectares) 42 37 36
Export of fresh fruit (thousands of tons) 925 700 452

Percentage share of total production 61 45 40

Value of exports (millions of 1986 U.S. dollars)
Fresh fruit 428 248 189
Processed fruit 210 226 344

Terms of trade of fresh fruit
in export (ratio of FOB
price to input price index) 100 87 89

Source: Kislev 1990

In cutting production, farmers reacted to changes in the terms of trade that deteriorated
at the farm gate further than indicated in table 15-2. Growers are the residual claimants in the
flow of revenue from consumers downward, and as prices in Europe declined due to an
increasing supply of fruit (by Israel and its competitors), the processors, packers, and shippers
continued to cover their costs.

Moreover, fruit handling costs are high. Until recently the Citrus Marketing Board was
made up only of packers. Although some of them are growers in their own right, it has been
and still is the interests of packers that dominate the Board. Consequently, the packing and
shipping industry is run as a cartel with overcapacity and inefficiency.

By law, all marketing of citrus, both domestic and export, is handled by the Board. The
Cotton Board is the only other board that directly handles the marketing of its product. The
majority of the boards control their markets to some extent but are not involved directly in
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commercial operations. The Citrus Board accepts the fruit from the packers and ships it to
Europe lower grades are delivered to processors. Relatively small quantities go to the local
consumer markets where monopoly prices are charged. The growers receive pooled prices that
reflect quality and harvesting time. The Board is also responsible for pest control and planning
of areas, regions, and varieties. It functions as the industry's political lobby and participates in
the financing of research and its direction.

Under the leadership of the Board, the Israeli citrus industry missed two major trends in
the world markets in the last decades. Israel lagged in developing and adopting new varieties
of citrus, particularly easy-to-peel types and sweet grapefruit, and the industry ignored a shift
in consumption from fresh fruits to reconstituted concentrated juice. Consequently, by the time
the Israeli growers came to the markets with the new varieties, prices were already down to
competitive levels, and Israel did not even try to develop orchards exclusively for processed fruit
of the kind grown by the major producers of concentrates in Florida and Brazil.

The reduction in terms of trade and the disillusion with cooperative action in recent years
have fueled a "growers' mutiny". Farmers have grouped into associations struggling for free
marketing and competition in exports. Perhaps naively, they are willing to give up the
advantages of their monopoly position in the local market, the bargaining power of the Board
in the export markets, the economies of scale in shipping and handling, and much of the
expertise accumulated through the years in the Citrus Marketing Board. To date, they have
achieved only two minor gains. The Ministry of Agriculture abolished planting permits in citrus
as well as in the other tree crops. By a decision of the supreme court, growers may now ship
their products directly to manufacturing plants, and escape service charges of the packers and
cross subsidization of exports from domestic sales. Other cases are pending before the court.
If these small changes signal the direction, the Board will gradually lose its grip on the
industry.3

THE FINANCIAL CRISIS IN COOPERATIVE AGRICULTURE

Eighty percent of Israel's agricultural product comes from cooperative farms. A major
form of cooperation in agriculture has been financial. Financial cooperation flourished for
several decades, but has found itself recently in deep crisis, the roots of which lie in the
structural weaknesses of cooperation, in government action and inaction, and in macroeconomic
factors, particularly inflation and the policies adopted to fight it. Debt settlement agreements
have recently been reached, but it is doubtful that the sector will be able to honor its obligations.

Moshavim and kibbutzim. A moshav (plural moshavim) is a farming community in that
all farms are family-owned and operated, and all farmers are members of the multipurpose,
democratically-run, village cooperative. In principle (practice varies), the cooperative
association in the moshav purchases all farm supplies for its members and markets their farm
products. It may also own and operate a variety of service facilities and manage directly some
jointly operated farm enterprises.

3 The Citrus Board was recently stripped of its monopoly power; starting with the marketing season 1991/92,
competing firms will export directly.
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A kibbutz is a commune. Members work together and receive from the kibbutz food,
shelter, health care, education, clothing, and a relatively small monetary allowance that they may
spend at their discretion. In principle, a kibbutz member owns his or her personal belongings
but no other property.

Differences in the degree of cooperation induced many other operational differences
between kibbutzim and moshavim. Two examples are noteworthy:

(a) As the labor force left agriculture, members of the moshavim shifted mostly to
part-time farming and found additional employment off the farm. The kibbutzim, on the
other hand, invested at their own risk in the creation of employment opportunities for
their members in manufacturing and services.4

(b) Since in the kibbutzim consumption is communal, the management of a kibbutz
has much larger control over the consumption level of its members than the cooperative
association in the moshav. The modem kibbutz, however, cannot lag too far behind the
country's standard of living, or members, particularly young members, will leave. Some
are already leaving (not all for economic reasons, to be sure).' These considerations
dictated and stiUl dictate much of the behavior of the kibbutzim in economic and financial
affairs.

Moshavim and kibbutzim are members of two types of second-order cooperatives; supply
cooperatives set up to purchase farm inputs for the moshavim and the kibbutzim, and service
enterprises (feed mils, slaughter houses, transportation services, and others). Both types of
supply cooperatives operate on a regional basis, though some nationwide cooperatives also exist.

Financial Intermediation.6 Starting with the transfer of suppliers' credit to their
members, both the moshavim and the supply cooperatives expanded into full-scale financial
intermediation. This tendency was reinforced by the fact that most farm land in Israel is
nationally owned and moshavim and kibbutzim cannot use it as collateral. The pivotal role of
credit intermediation in the activities of the moshav and the supply cooperative is demonstrated
in their balance sheets in table 15-3. Members' debit balances were by far the largest assets the
associations held 76.6 percent of the total in the moshav and 60.9 percent in the supply
cooperative. The moshav and the regional cooperative raised capital and transferred it to their

4 There is an interesting resemblance between the final outcomes. Only a third of the operators in the
moshavim draw all their income from agriculture, and farming contributes on average a third of the total income
in the kibbutzim.

5 One dimension of the standard of living is an 'exit allowance' which members are entitled to receive on
leaving. It increases economic security, but kibbutzim cannot always keep this obligation, particularly now with
tighter financial conditions and increasing departures.

6 This section depicts intermediation as it was practiced before 1985. One of the consequences of the crisis
has been a great reduction in the financial interconnection between cooperatives especially in the sector of the
moshavim.
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Table 15-3. Balance Sheet Composition of a Moshav Assocation and a Supply Cooperative, September 30, 1981
(percent of total assets)

ASSE7S LUIBiLiIES

Supply Supply
Moshav Coop Moshav Coop

Fixed assets 3.7 3.5 Equity 0.7 3.0
Long-term investments
and loans to members 3.5 13.7 Long-term debt 4.2 19.5

Inventories 4.0 .. Short-term loans 0.6 34.5
Accounts receivable: Short-term loans from
Nonmembers 12.2 3.6 supply cooperatives 76.9
Regional enterprises .. 18.3 Members' credit balances 13.5 21.2

Total Assets 100.00 100.00 Total Liabilities 100.00 100.00

Negligible.
Note: The data for the supply cooperative are for the regional cooperative in the 'Mountain Region' (a fictitious name). The

data for the moshav are for an average association in a sample of 13 moshavim in the same region. Also, balance sheets are
prepared in historical values, not adjusted for inflation. Finally, the financial reports of the cooperative in the moshav are for
the association, not for the whole village. Information on individual farms is not included and is generally not available.

Source: Zusman 1988.

members. The associations also functioned as clearing houses, accepting deposits from members
with financial surpluses (members' credit balances in table 15-3) for use by others. The supply
cooperative and its moshavim were strongly linked together: through credit, as can be seen in
table 15-3, and through joint ventures in regional service enterprises. The relations between the
kibbutzim and their supply cooperatives were similar to those depicted in table 15-3 but there
are no financial transactions between the kibbutzim and their members.

The supply cooperatives provide the moshavim and the kibbutzim finance services with
steady lines of credit and convenient saving facilities. The moshavim provided their members
with the same kind of services. Interlinkages between marketing through the cooperatives and
credit operations provided the institutional setup that replaced collateral for loans in cooperative
agriculture. In addition, virtually all members-individuals, kibbutzim, and moshavim-were
parties to mutual guarantees and all were mutually responsible for loans raised by their
cooperatives. Proximity, central purchasing of inputs, product marketing, and financial
interdependency should have, in principle, allowed close monitoring and control of the economic
affairs of the member-borrowers. For a period cooperative credit functioned efficiently (as
witnessed by the increased capital intensity in agriculture compared to industry in table 15-4),
but it failed the test of extreme economic circumstances in the inflationary period, and its
weakness resulted in the recent crisis.

Regional Enterprises. These are second-order service cooperatives, the members of
which are moshav associations and kibbutzim who use the service offered. Often the regional
supply cooperative is also a member of the regional enterprise, and in all cases the two kinds
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of regionals-the supply cooperative and the service enterprises-are strongly connected
financially, a relationship that proved detrimental when the recent crisis erupted.

Zealous support of rural development by public agencies, easy access to credit through
the supply cooperatives, and strong political regional lobbies all resulted in overexpansion of
most of the service enterprises. This occurred particularly in the 1970s when credit was ample
and economic optimism ran high. Consequently, in the early 1980s, many service enterprises
operated at less than full capacity and could not cover their operating costs.

In the late 1970s and early 1980s, inflation eroded most of the debt of the regional supply
cooperatives but circumstances changed with the financial markets' adjustment to the inflationary
environment. The supply cooperatives assumed the role of financiers of last resort, and found
themselves financing not only operating losses, but also debt service of the regional enterprises.
A few of the enterprises collapsed and went bankrupt in the crisis of 1985, and took the supply
cooperatives down with them.

Table 15-4. Outstanding Bank Credit in Agriculture and Industry, Selected Years
(percent)

Volume of Real Credit Ratio of Debt to Net Capital
Year Agriculture Industry Agriculture Industry

1969 100 100 19 52
1974 209 219 35 69
1979 335 327 48 75
1984 491 352 67 70
1987 655 402 79 64

Note: Real credit is the index of outstanding debt deflated by the consumer price index.
Source: Kislev, Lerman, and Zusman 1991.

Government. The government has always supported cooperation in agriculture. New
immigrants were settled in the cooperative moshavim as a matter of policy. Land and water
were allotted to the moshav and distributed equally between the members. Production quotas
were allocated on a village basis, leaving internal distribution to the moshavim, and government
agencies usually consulted with the cooperative association in the moshav on the allocation of
long-term loans to farm operators.

The most profound public involvement was in credit. The government raised capital on
the markets in Israel for its budgetary needs, thus crowding out private sources of investment.
To remedy the shortage it created, the government distributed credit and subsidized it.
Moreover, it was also often ready to offer additional credit to credit enterprises-farm
cooperatives in particular-which ran into difficulties. The dependency on the government and
the expectation that it would bail moshavim and kibbutzim out of trouble created moral
hazards.7 Cooperatives at all levels were willing to rely on large amounts of debt and banks

7 Moral hazard arises in situations where economic agents do not bear the full consequences or benefits of
their actions because of uncertainty or restricted contracts; broadly, the hazard is the action of economic agents in
maximizing their own utility to the detriment of others.
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were willing to lend, all trusting the government to save them in case of difficulty. These moral
hazards were in fact recognized by the government, which made vigorous efforts to control the
consequences in the 1960s. The will to maintain a strict policy could not withstand the flood
of credit in the late 1970s, however. Moreover, the government itself encouraged uncontrolled
expansion and overinvestment.

Aggravating Policy Factors. The roots of the current crisis in Israeli agriculture are in
excessive expansion of investment and debt of the agricultural sector and particularly of
cooperative agriculture in moshavim, kibbutzim, and their regionals. The deep crisis and the
difficulties agriculture now faces were aggravated by several policy factors.

One of the anti-inflationary policy measures adopted in July 1985 that was particularly
hard on the production sector was a severe credit squeeze that caused an unprecedented increase
in the rates of interest (100 percent per year on overdraft facilities, for example) and a reduction
in credit availability. These hastened and intensified the agricultural crisis.

Another such measure was an exchange rate pegging policy adopted to stabilize the local
price system (creating a "monetary anchor"). In fact, there were three events of devaluation
between June 1985 and December 1988; they amounted to a change of 34 percent in the nominal
exchange rate of the dollar, while the consumer price index rose 84 percent over the same
period. As a result of this and other factors, terms of trade of agricultural exports deteriorated
by a third between 1980 and 1988 after improving 15 percent over the 1970s.

Simultaneously with the deterioration of the terms of trade, the real value of fresh
agricultural exports (not including processed food) decreased by 10 percent between the second
half of the 1970s and the 1980s. Citrus exports suffered particularly (table 15-2). Since the
domestic demand for agricultural products expanded only slightly, the reduction in exports was
severely harmful to agriculture. The sector's income fell substantially in the 1980s.

Crisis. The crisis erupted at the end of 1985 once creditors realized that agriculture,
particularly cooperative agriculture, could not continue to service its debt in view of exceedingly
high post-reform real rates of interest on short-term loans, and that the government could no
longer bail out the sector. Most regional cooperatives and many of the associations of moshavim
collapsed. Farm production has continued, often with private credit arrangements and the
farmers' own resources. But this cannot be a complete solution to the crisis, and banks and
other creditors are still demanding repayment of their loans. For most members of cooperatives
their heavy burden is not their own debt but their share in the mutual liabilities-their share in
covering the debt of several heavy borrowers in the moshav and the debt of the regional
enterprise.

Agriculture cannot repay or service its debt in full; the question therefore is how to
distribute the losses. Once this was realized, the government offered support in an effort to
reach a debt settlement between the banks, on the one hand, and the moshavim and kibbutzim
on the other. Agreements have been formulated8 but their implementation has been slow as

N The principal component of the debt settlement is a rescheduling of loans according to accepted measures
of ability to pay. Two agreements have been signed to date, one for the moshavim and one for the kibbutzim.
These are sector-level framework contracts. They have now to be implemented with every kibbutz and every
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many in the sector still hope that they can gather political support for a more favorable
settlement. But even if the debt settlement is approved and implemented with every kibbutz,
moshav, and member of the moshav, the question should still be posed whether agriculture can
be expected to service its debt.

Will Agriculture Repay its Debt? By the available estimates, agriculture debt at the end
of 1988 was 6.5 billion9 New Israeli Shekqalim (NIS), and the value of net capital was then 6
billion NIS ($3.8 billion respectively at 1.6 NIS per dollar). Agriculture as a whole has, by
these figures, no equity of its own. All its capital is financed by debt.

The debt settlement is an agreement to erase close to a third of the debt and to
reschedule the remaining obligations for a period of fifteen to twenty years; the new loans will
be linked to the price index and will carry low interest rates. Assume accordingly that
agriculture is left with a debt of 4.3 billion NIS to repay over twenty years at 4.5 percent; the
annuity will then be 331 million NIS. In other words, if agriculture's debt is actually repaid at
this rate, the sector will redeem its equity capital over the next twenty years.

This is an impossible undertaldng. For even if the calculated annuity is an overestimate,
if part of the short-term debt is rolled over, and debt forgiveness is somewhat larger (in order
to be able to maintain its part in the settlement agreements), agriculture will have to return to
the levels of profits its enjoyed in the 1970s (table 15-5). In that decade, the operating profits
were upward of 300 million NIS (at 1987 prices). At such levels, with replacement of only
necessary capital assets, agriculture will be able to repay its rescheduled debts. But profitability
has been falling in recent years, terms of trade that were improved several years ago are

Table 15-5. Operating Profits in Israeli Agriculture, Sekcted Periods
(millions of NIS, constant 1987 prices)

Purchased Labor Operating
Year Output Inputs Own Hired Depreciation Profis

(1) (2) (3) (4) (5) (6)

1965-67 2,116 829 854 292 188 -47
1975-77 3,927 1,792 1,094 374 302 365
1985-87 4,648 2,334 1,367 503 457 -13

Notes: Column (3) is imputed according to the sum of per laborer consumption and saving level in the economy.
Column (6) is (1)-(2)-(3)-(4)-(5). In 1987, the exchange rate wu 1.6 NIS to USS1.

Source: Lerman and Kosto 1990.

deteriorating again, technological improvements can be expected to slow down with the reduction
of investment, competition in foreign markets is toughening, and domestic demand is expanding
only slightly.

moshav (sometires with every farm operator), separately.

9 A billion is 1,000 million.
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The parties to the debt settlements were aware of these difficulties, and based a great part
of their optimism on structural changes to come in the water of the crisis. The supply
cooperatives will not engage in financial intermediation any longer. Regional enterprises will
be limited to direct services to agriculture. Some enterprises will be closed down to reduce
excess capacity and the kibbutzim will redirect labor from services to income-generating
activities. Weak farms in the moshavim judged unable to repay their debts will be closed, and
their factors of production distributed among the remaining members. Investment will be limited
to necessary replacements and to carefully analyzed expansions.

Increased efficiency can improve the ability of a farm to repay its debt. This need not,
however, be the same for an industry. In agriculture, it can reasonably be expected that if
structural changes take effect and efficiency is improved, terms of trade will worsen and
profitability will not increase. Moreover, the recent crisis resulted in the collapse of part of the
agricultural support system and a reduction in the political willingness to budget subsidies for
agriculture. It is unlikely that agriculture can now tax consumers (for this is what it amounts
to) and gather the necessary profits needed to service its old debts.

If agriculture cannot cover its debt from profits, it may still do so from savings. At the
recent levels (table 15-55, 1985-1987), farmers will have to divert 24 percent of their
income-returns to their own labor-to debt service. This is unlikely to occur, particularly since
the debt is not evenly distributed, and many will have to divert much larger shares of farm
income to the repayments stipulated by the agreements. The situation is particularly difficult in
many of the kibbutzim, and the necessary reduction of the standard of living may be more than
their members will tolerate.

Still another alternative is for farmers to cover their debts from nonfarm sources. This
is possible in the moshavim where most farmers are part-timers, but it is not clear that they can
be forced to do so. The kibbutzim have to cover debts incurred by manufacturing and service
activities as well as by their farming sector. They have no outside income of significant
magnitude that can be diverted to the redemption of capital.

This pessimistic assessment is strengthened by slow implementation of the settlement
agreements. Farmers in many of the moshavim have found that they do well without the
cooperative associations that ceased to function after the crisis. They can conveniently work
directly with banks and other lenders. Some have mobilized private resources, and they continue
operating as if past debts will not have to be repaid. The situation is different for the kibbutzim
that are hard-pressed. They have no free financial resources to put into productive activities,
and because of their size must rely on banks for all their financial needs. Banks require
implementation of the settlement agreement before they will renew lending to a kibbutz. Now
that the government is a party to the settlement, however, the banks have eased pressure on
delinquent debtors, suggesting that they expect eventual further intervention from the
government. Thus, the crisis is far from solved.

CONCLUSIONS

Israel's farmers are skilled and highly motivated. College education is the norm in the
kibbutzim and many in the moshavim are also professionals with profound understanding of their
work. Farmers are also accustomed to acting together, and cooperation and involvement in
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public affairs come naturally to them. They react speedily to economic and technological
changes, adopt new varieties and methods, and reach record yields. But they are also fast to
seize opportunities that may turn out to be misguided from a larger, social, perspective. When
the rate of interest was negative and credit seemed to be in unlimited supply, farmers invested
excessively. When water prices are low, farmers develop their operations to make the best use
they can of this resource, and also find ways to cooperate politically for the expansion of low-
cost supply. On the other hand, when growers received pooled prices for citrus and quality was
only partly rewarded, farmers curtailed production and did not reveal their technical ability in
this line.

Past performance suggests that the potential of Israeli agriculture is quite high, and that
the damage done by poor policy and unsuitable institutions is also large. This is particularly true
for the cooperative sector where the strength of interdependence carries with it the dangers
arising from moral hazard behavior. These dangers are compounded when the government
intervenes to relieve farmers of the obligations they have incurred. A major responsibility
therefore rests with the government. It must have the wisdom and the power to limit its
involvement in agriculture, and to let farmers be responsible for better or for worse for their
acts.

Farmers will act rationally and responsibly as individuals, but collectively they will easily
follow myopic, even irrational, behavior. This difference between the individual and the
collective stems from a naturally limited ability to internalize external effects. The examples
cited above-excess supply of water in response to grass-roots political pressure and
overexpansion financed by cooperative credit-testify to this behavior. This rationality grows
stronger if free riding cannot be curtailed; as a result, the ethics behind cooperatives deteriorate.

Inflation created a special opportunity for agriculture in Israel. With negative real interest
rates and erosion of loans, agriculture could have increased its equity capital and emerged from
the inflationary period economically stronger. This did not happen. Financial leverage
increased in agriculture, returns to capital and saving were negative, and farmers sank deeper
into debt. Part of the debt financed investment in productive assets (often contributing to
overcapacity), part financed housing and consumer durables, and part increased current
consumption and standards of living. Consideration of short-run inflationary gains dominated
long-run economic health.

The crisis is a clear example of the consequences of cooperative myopia. But the
cooperatives were not the only ones at fault. Credit was distributed by the commercial banks;
it was their money that was lent, and it was their responsibility to secure the loans and to assure
adequate ability to repay. Evidently they neglected this responsibility. Moreover, they failed
to recognize that the problem was escalating beyond the scope of the government's ability to
solve it.

The government, too, failed to recognize the magnitude of the problem in time to initiate
remedial measures, just as it failed to safeguard use of water, Israel's most precious natural
resource. The government yielded to political pressure, and created the false impression that
it would bail agriculture out of any difficulty. Moreover, the government carries major blame
for overcapacity in agriculture, since the funding of most of the development projects was with
government approval and assistance. Decisions of the policymakers and recommendations of
the Planning Authority of the Ministry of Agriculture encouraged overinvestment. The crisis



Structure and Reform of Agriculture in Israel 291

in cooperative agriculture is therefore largely the outcome of the favoritism it enjoyed for a long
time.

Cooperation has many advantages and significant weaknesses. Two preconditions are
needed for cooperation to survive the market test. First, members must have high levels of
cooperative ethics and be willing to give up short-run gains for the long-run benefits of
cooperation. Secondly, in the final analysis, members must be responsible for their acts,
individually or collectively. In the case of Israel, the mutual liability is now reduced to levels
that members of cooperatives, farmers in the moshav, and moshavim and kibbutzim in the
regional cooperatives can actually cover. It seems that private ownership of land will now be
established so that farmers may have more to lose if they fail. They may gain if they succeed
and accumulate comparatively large pieces of land. The organization of agricultural cooperation
will now be rationalized in Israel. The crisis made the need for reforms clear to everyone.
How much cooperation will be left after this crisis is resolved is yet to be seen.
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 Prices versus Quantities: The Political
 Perspective

 Israel Finkelshtain and Yoav Kislev
 Hebrew University

 Regulation regimes subject to the influence of interest groups are
 compared. It is shown that the allocation of the regulated com-
 modity varies with the implemented control and that the advantage
 of prices (vs. quotas) increases with the elasticity of the demand
 for or the supply of the commodity and decreases with the number
 of organized producers in the regulated industry. Control regimes
 can be ranked for negative, but not positive, externalities. Finally,
 a control regime leading to a more efficient commodity allocation
 also entails using fewer resources in rent-seeking activities.

 I. Introduction and Summary

 Given that government intervention is subject to lobbying and politi-
 cal pressure, when is regulation by prices the preferred regime and
 when is quantitative control adequate? The neoclassical answer to
 the control dilemma is that price and quota regimes are identical
 in their effect: both yield the same resource allocation and social

 welfare level. But, as Weitzman (1974) has already shown, the equiva-
 lence of the controls does not hold where information is imperfect

 and monitoring incomplete.' We focus on a different issue: the polit-
 ical aspect.

 We analyze a single regulated industry, employing a factor with

 We acknowledge with thanks useful comments from Arye Hillman, Yair Mundlak,
 Martin Paldam, Gordon Tullock, Norbert Wunner, Pinhas Zusman, and a journal
 referee.

 1 For extensions and applications of Weitzman's analysis, see, e.g., Fisher (1981)
 and Cropper and Oates (1992).

 ournal of Political Economy, 1997, vol. 105, no. 1]
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 negative or positive external effects. The political equilibria, and

 hence the magnitude of the distortions, differ with the external ef-

 fect and the implemented control. Under quota and when taxes are
 imposed to reduce negative effects, the employment of the con-

 trolled factor will lie between the private profit-maximizing utiliza-
 tion and the social optimum; with subsidies (when the effects are
 positive), there is a political struggle for higher payments, and equi-
 librium allocation will be greater than both private, noninterven-
 tion, utilization and the social optimum. In this case, resource alloca-
 tion in the political equilibrium may be worse than free-market
 factor utilization.

 It is further shown-for negative externalities-that the compara-
 tive advantage of either of the control regimes depends on a factor
 involving the share of organized producers in the industry, the value

 of the demand elasticity for the regulated good, and the tax rate. A
 price regime yields a more efficient political equilibrium when this
 factor is less than one. If this is not so, quota is the more efficient
 instrument. The preferred control cannot be unambiguously char-
 acterized when the external effects are positive. Finally, describing
 the political process as a menu auction with a single industrial lobby,
 we show that the relatively more efficient regime in terms of resource
 allocation induces a lower level of rent-seeking expenditures.

 II. Society and Polity

 Regulation is called for where external effects exist: in production

 or consumption, where scale economies lead to a natural monopoly,
 or in the provision of public goods. The analysis in this paper is
 confined to regulation of a factor of production with externalities
 affecting consumers or producers elsewhere in the economy; they
 do not affect producers in the regulated industry. An example of a

 negative externality would be an irrigation project lowering the wa-
 ter table of a nearby urban center. An example of a positive effect
 would be the utilization and disposition of reclaimed sewage. Re-
 stricting the discussion to an input does not affect the generality of
 the conclusions.

 The producers using the regulated factor are assumed to behave

 rationally and disregard externalities associated with their activity.
 In a free market, the producers tend to overutilize factors of produc-
 tion with negative effects and underutilize factors with positive ef-
 fects. A social planner, taking into account both the value of produc-
 tion in the controlled industry and its effect on others, can
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 determine socially optimal utilization of the factor. (Income distri-
 bution is disregarded in the analysis.)

 The government in our analysis is a political entity whose own
 utility is affected both by social welfare and by political rewards or
 contributions. The producers and the government (the politicians),
 being engaged in political give and take, constitute a polity, and the
 ensuing allocation reflects the equilibrium reached in the political
 struggle. The government willingly accepts rewards and bends its
 policy but is not powerless. We assume that if a political agreement
 is not achieved, socially optimal resource allocation is enforced. The
 producers may also retreat to the social allocation and thus deprive
 the politicians of the rewards they desire. The social optimum is the
 threat point of the political game.

 The producers either operate individually in the political arena
 or are organized into lobbies. We analyze the effect of collaboration
 in the influence groups but do not discuss the structure of the lob-
 bies and modes of collaboration. Also, by our assumption, the indi-

 vidual political contribution is not determined in the political equi-
 librium; it is left to the lobby to charge its members. Political rewards
 may come in all shapes and forms: monetary political contributions
 (or even outright bribes), demonstrations, letter writing, and assis-
 tance in campaigns. They may be negative when the producers pun-
 ish the government or demonstrate against it. Sometimes the politi-

 cal rewards may enhance welfare-the welfare of the receiving
 politicians or in a wider sense, for instance, when a builder offers a
 new school in return for a desired permit.

 The discussion in the paper is limited to the effect of political
 contributions on government regulation; the nature of the rewards
 and their wider implications are not analyzed. As in Grossman and
 Helpman (1994), only "linear," money-like rewards are considered,
 and the political influence technology is restricted to exhibiting con-
 stant returns to scale. This assumption simplifies the analysis consid-
 erably by permitting recursive calculation of the variables making
 the political equilibrium. The use of the controlled factor is set in
 the first stage, and the political rewards-the distribution of the po-
 litical surplus-are determined in the second stage. An important
 advantage of the linear model is that factor allocation is the same
 for a variety of political economies. The political contributions, on
 the other hand, are model-specific. We remark on possible general-
 izations in the concluding section of the paper (Sec. VIII).

 The political process we consider is embedded in a "constitution"

 by which the control regime may be either a quota or a price regime.
 The constitution is accepted as predetermined, it is not debatable,
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 and we do not consider here the political process leading to its estab-
 lishment.2

 Our main concern is to compare a quota with a price regime.

 Under quota, the producers must comply with administrative regula-
 tions. With price control, they either pay a tax or receive a subsidy
 and freely choose the quantity of the factor they use. Focusing on
 the efficiency of the controls, we eliminate income differences by

 introducing revenue-neutral policy shifts; that is, lump-sum pay-
 ments are seen as balancing taxes or subsidies. For example, when
 the change is made from a quota to a tax, the government pays up-
 front the value of the taxes that will be applied in the political equi-

 librium. A shift to a subsidy regime entails a compensating lump-
 sum tax. Similarly, a move from a tax to a quota control is associated

 with a lump-sum payment to the government. The compensation is
 not debatable, and the producers cannot expect to affect it, even
 if the magnitude of the tax or subsidy is modified in the political

 negotiations that follow once the control regime has been in place
 and the compensation scheme implemented.3

 Compensations of this nature are observed in reality. The govern-
 ment of Israel, for example, is at the present time "purchasing"
 production quotas in agriculture in an attempt to gain political ac-
 ceptance of steps toward the elimination of planning and adminis-
 trative intervention in farming.

 III. Recent Theories of Political Economy

 Political processes affecting public intervention in the economy have
 been the subject of intensive literature. Examples include Zusman

 (1976) in agricultural planning; Rodrik (1986), Hillman (1989), and
 Grossman and Helpman (1994) in the context of international
 trade; and Scarpa (1994), who studies the consequences of political

 influence by a public utility. These studies analyze political equilibria
 for particular control regimes. In contrast, we attempt to compare
 the performance of alternative politically influenced regimes.

 The political process may be viewed in many ways. Following the

 2 A similar approach is taken by both Rodrik (1986) and Grossman and Helpman
 (1994), who view the evolution of the political process as proceeding in two stages.
 In an analysis of the political choice of regimes, Buchanan and Tullock (1975) con-
 cluded that politicians will, generally, prefer quantitative controls. These authors,
 however, ignore the possibility that rent-seeking activities will modify the level of
 controls once they are implemented.

 3 Lump-sum compensating payments eliminate income effects of control regimes
 and facilitate an analysis of net allocation effects. Sometimes, however, a crucial
 consideration in the choice of a control is revenue raising and cost covering. These
 considerations are disregarded in the present analysis.
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 Peltzman (1976) tradition, Hillman (1989) sees the government as
 setting policies to maximize a political support function that trades
 welfare of voters with divergent interests. In Zusman (1976) and
 Scarpa (1994), the political process is a Nash (1950) bargaining
 game, with politicians and lobbies negotiating policy parameters and
 political contributions. Grossman and Helpman (1994) describe the
 political process as a menu auction.

 Although these models differ, they share a common property: The
 equilibrium reached is politically efficient and is located on the poli-
 ty's contract curve. Moreover, as we show shortly, in the case of linear
 political rewards, the allocation of the controlled factor is indepen-
 dent of the magnitude of the political contributions, and all the
 models above predict identical allocations (Hillman does not specify

 rewards explicitly). We make use of this property in the next four
 sections of the paper.

 IV. The Model

 Net income of a producer in the regulated industry is

 yi = 7ti(q?) - Ci- tqt +R (1)

 where q marks the ith producer's utilization level of the regulated
 factor and the magnitude t marks the tax imposed by the govern-

 ment (for a subsidy t < 0). The compensation payment is R, and it is
 equal to the equilibrium level of tq. The variable c indicates political
 contribution. The function nit(qi) is the ith producer's profit in the
 production activity; it is concave and subsumes the prices of goods

 other than the regulated good. It also subsumes the private market
 price, p, of the regulated factor, but taxes or subsidies are not in-

 cluded in ii. The industry supplying q is competitive and is character-
 ized by constant returns to scale with a perfectly elastic supply. There
 are Nproducers in the regulated industry, and total factor utilization
 and political rewards are given, respectively, by

 N N

 Q qi C ci. (2)
 i=1 i=1

 If only K producers participate in the industry's lobby (K ' N), ci
 may be zero for some values of i.

 The second sector, the government, is viewed as maximizing the
 sum

 W= V(q) + aC, (3)

 where V(q) is social welfare defined over the vector q = ql,..., qN,
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 and the constant a > 0 represents the preference of the government
 for political bribes relative to public welfare. It can also be seen as
 standing for the political power of the influence group in the indus-
 try. Lobbies in different industries may have different a values.

 The welfare function, V, is given by

 N M

 V(q) = > ci(qi) + E (4)
 i=1 j=1

 where ji(Q) is the money-metric utility function of the jth person
 who is affected by the external effects of the regulated factor. The

 function g increases with Q for positive externalities and decreases
 for negative effects. Utility is also defined over the vector of prices
 of consumption goods, but under the assumption of a small econ-
 omy with all goods traded, prices are constant and are not repre-
 sented explicitly in the function.

 It is assumed that pi is concave in Qand hence in each qi. Similarly,
 since Vis the sum of concave functions (in each qi), it is a concave
 function itself. All functions are second-order differentiable, and in-
 tenor solutions are assumed throughout.4 It is also assumed that en-
 forcement of the regulation instrument is costless.

 Because of externalities, optimal levels of q' from the points of
 view of the producer, qtr. and the society, q', do not agree. That is,

 qtr = argmax [n(q)] ? q' = argmax[V(q)]. (5)
 qi qi

 This, of course, creates the conflict that induces rent seeking and
 political rewards.

 As indicated, producers in an industry may operate in the political
 arena individually or in the industrial lobby. We assume that a lobby
 maximizes total income of the members in the group:

 K

 Y = yk. (6)
 k=1

 The formulation is general: an industry may have just a single pro-
 ducer (N = K = 1); this may be a monopsonist in the use of the
 regulated factor, perhaps a public utility. Alternatively, some or all

 4Among other things, interior solutions mean that all producers use positive
 quantities of q at any of the prices considered.
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 producers in an industry may form an influence group and lobby
 for their interests.5

 One difference between the regimes affects behavior in a crucial
 way. Taxes are uniform, and in an industry with many producers,
 both those who lobby to modify the policy and those who do not
 face the same tax. We show that an industry with a comparatively
 large share of free riders is politically weaker, but, as indicated, we
 do not analyze the internal structure of the lobby groups and the
 forces that keep them together.

 Under a quantity control, on the other hand, a producer who does
 not engage in political activity will be assigned the social quota (with
 negative externalities, nonparticipants may even get zero quotas to
 balance overutilization by the political activists). There is, therefore,
 no free riding in the political equilibrium of a quota regime: all pro-
 ducers participate and are members of the industrial lobby.6

 V. Equilibrium Utilization of the Regulated
 Factor

 In the first stage of the recursive calculation of the political equilib-
 rium, we set the allocation of the regulated factor. This first stage
 is described here. The contributions by the K politically active pro-
 ducers are determined in the second stage, which is presented in
 Section VII.

 Let y mark a common label for the allocation parameters in the
 two alternative regimes considered in the paper: a quota system in
 which y = q = q l, .I. ., qN; and indirect control, a price regime with
 a per unit tax or subsidy, y = t. Exogenous to the political equilib-
 rium are the production technology, prices, private and social pref-
 erences, and the constitution specifying the instrument of regula-
 tion.

 An efficient agreement between the government and the produc-
 ers, located on the polity's contract curve, can be characterized by
 the necessary conditions for an internal solution to the following
 constrained maximization problem:

 yPO, cP0 = argmax W(y, c)
 Y, (7)

 subject to Y(y, c) ' Y.

 I With linear political rewards, the analysis is not modified by the number of lobby
 groups in the industry. For simplicity and brevity, the discussion is conducted in
 terms of a single lobby.

 6 Similar considerations underlie Rodrik's (1986) analysis of trade with either a
 uniform tariff or firm-specific subsidies.
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 In equation (7), Y, defined as in (6), is the reservation utility, the
 alternative income of the lobby members in the event that an agree-
 ment is not reached, and c is the vector of political rewards. We
 commence with a quota control.

 A. A Quota Control

 The government sets quotas, q, the magnitudes of which are subject
 to political pressure. In this case, i = 7I(qi) - c', and a politically
 efficient agreement concerning q satisfies (7) and is characterized
 by the following N first-order conditions (derivatives are marked as
 subscripts):

 M

 7rq +a) =-Z IQ(Q), i E {1, ... , NJ. (8)
 j=1

 Remarks.- (a) The political rewards, ci, do not appear in the nec-
 essary conditions for the determination of the quotas. This verifies
 our earlier assertion on the recursive nature of the solution of the
 political equilibrium. (b) The utilization of the regulated factor like-
 wise does not depend on the compensation, R. (c) Equations (8)
 will be the same whether the producers in the industry are unionized
 in a single lobby or in several groups or whether they operate individ-
 ually. Political organization does not affect the equilibrium reached.
 These three features arise from the linear nature of the political
 reward system. The equilibrium would have been different with non-
 linear rewards: if the political action was subject to economies or
 diseconomies of scale.

 A useful result that emerges from condition (8) is that, as the

 right-hand side, Xj', g4Q(Q), is identical for all i, 7ic = 7c, = 2tq for
 all i, jE {1, ...,NI (similarly, Vqi = Vq = Vq for all i, j E {1, .
 NJ). In words, the value of the marginal profit (VMP) of the regu-
 lated factor is the same for all producers. The political game distorts
 the level of aggregate factor utilization, but allocation among pro-
 ducers is efficient. This is a reflection of producers with a higher
 VMP pressing harder for quotas.7 When resources are administra-
 tively allocated, the political process replaces the market in securing
 between-firm efficiency.

 Because of the signs of the derivatives WjQ, equation (8) implies
 that for negative (positive) externalities 2t' > (<) 0. In addition,
 equations (8) can now be rewritten as

 'The argument that producers with a higher VMP press harder relies on a "truth-
 ful" property, namely, that producers struggle more-offer higher rewards-for
 more valuable political favors. We comment further on this property in Sec. VII.
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 TABLE 1

 PROPERTIES OF THE POLITICAL EQUILIBRIUM

 MARGINAL

 CONTRIBUTION OF q

 Social Private QUANTITY

 Negative Externalities

 Quota/tax Vq<0 7cq>0 QS< QpO< Qpr

 Positive Externalities

 Quota Vq>0 7rq<0 Qpr< QPO< QS
 Subsidy Vq < 0 lrq < 0 Qpr < QS < QPO

 Vq= Wtcq (8')

 which implies that for negative (positive) externalities Vqi < (>) 0
 for all i e I, . . . , N). Since all VMPs are equal, all the q values move
 together, and it follows unambiguously from the sign of Vq that for
 negative (positive) externalities, qit > (<) q for all iE {1, . . . , NJ.
 Thus, under quota, the political equilibrium is a "compromise":
 With negative externalities, factor utilization exceeds the social opti-

 mum (where Vq = 0) but is lower than free-market use (character-
 ized by Icq = 0). With positive externalities, utilization at the political
 equilibrium is smaller than socially optimal and larger than the pri-
 vate profit-maximizing quantity. These findings are summarized in
 the first two rows of table 1.

 The political equilibrium is depicted graphically for a single pro-

 ducer and negative externalities in figure 1. The graphs WI, W2 and
 Yl, Y2 are the government's and the producer's indifference curves;
 their slopes are - Vq/a and qrc, respectively. (For the government,
 the curve is drawn with all other producers at the equilibrium con-

 figuration.) Because of differences in political payments, W2> WI
 and Y2 > yi. Each indifference curve of the government has a mini-
 mum at q = qS, the socially desired level, and the point q = qS, c =
 o is the disagreement threat point. The equilibrium quota is qPO, and
 the segment [a, b], between indifference curves passing through the
 origin, marks the core of the political game.

 B. Indirect Control

 A pure price control is either a tax or a subsidy. In this case, -
 r0(q') - tq' - c' (R is omitted), and the producer is free to utilize
 any quantity of the factor. The private first-order condition charac-
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 FIG. 1.-Construction of political equilibrium: negative externalities

 terizing the producer's choice of q' is then

 isq=t, (9)
 which implies

 aqil q= _ 1. (9')

 at t0q

 By (9), for t ? 0, qPO < (>) qPr for negative (positive) effects.
 Solving (7) with respect to t and c, using equation (9), yields the

 condition that characterizes the political equilibrium under a price
 regime:

 j Vq i - at, (10)
 i=1

 where QK is the aggregate factor utilization by the members of the
 industrial lobby. The marginal effect of a tax on the whole industry
 is balanced against its effect on the active group whose utility is re-
 served on the political contract curve. The remarks following equa-
 tion (8) on the independence of allocation apply here too. Also,
 producers in an industry controlled by prices may operate in several
 groups; their contributions will be aggregated by the receiving politi-
 cians in the government, and their effect will be a function of the
 sum. In this situation, K stands for the total number of participants
 in all groups.
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 It follows from iC' = t, for all iE {1, . , NJ, that

 m

 Vqi=q+ Q Vq i E Z{ .. .. N}

 and that (10) can be written as

 Vq= ( aaQ (11)

 By concavity of i7, ir0 < 0; then by (9'), at/aQ < 0, implying that
 Vq < 0 regardless of the sign of 2q. Thus, under a price control, the
 producers overutilize (socially) the regulated factor both when the
 external effects are negative and when they are positive. With nega-
 tive externalities, the political pressure is to reduce the tax. With
 positive effects, it is to increase the subsidy up to and above the so-
 cial optimum (table 1). Consequently, while under a quota regime
 the political equilibrium is always a compromise (between the free-
 market allocation and the social optimum), in the presence of politi-
 cal power and with positive external effects, a price regime may yield
 an allocation that is socially worse than the free-market utilization of the
 regulated factor. In the presence of political pressure, the intervention
 of an otherwise benevolent government may detrimentally impair
 resource allocation.

 That taxes and subsidies differ in their effects on resource alloca-
 tion modifies-for a political economy-the Coase (1960) and
 Weitzman (1974) conclusion that property rights do not affect the
 nature of the solution to an externality problem. If the producer
 owns the right to pollute the air, to take an example from these
 references, q will stand for the resources going into pollution pre-
 vention, and their use will have positive externalities and will be sub-
 sidized. If the public, represented by the government, owns these
 rights, the polluters will be taxed. With political pressure, resource
 allocations will differ. In the first case the equilibrium will be charac-
 terized by overinvestment in pollution prevention; in the second it
 will be suboptimal.

 Another useful way to write equation (11) is

 Vq a a q, (12)
 s11

 where s = t/ (p + t); rj is the factor demand elasticity, defined at
 the price the producer actually pays, p + t; and a = QK/ Q is the
 share of the regulated factor utilized by the producers in the lobby
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 group.8 The formulation of (12) is utilized in the analysis to follow.

 Expressing Vq in its extended form, we can rewrite equation (12) as
 M

 E = aq t ) (13)
 i=1

 which implies that, for positive externalities and a price regime,
 internal tangency solutions are confined to the region in which
 aa/srl < 1.

 VI. Comparative Efficiency of Factor Utilization

 We are ready now to turn to the question of prices or quantities. To
 examine this, we make the following definition: a control yields a
 more efficient utilization of the regulated factor than the alternative
 regime if and only if it yields a higher level of social welfare, V(q).

 A. A Formal Proposition

 With negative externalities, both under quota and in a tax regime,
 the quantity of the regulated factor lies between the privately desired
 level and the social optimum. This "closeness" of the equilibria en-
 ables an analysis of the comparative performance of the alternative
 regimes. Such an analysis is impossible for a positive externality be-

 cause of the distance between equilibria in which, under a quota,

 qi, i E {1, ... , NJ, are lower than the social optimum and with a
 subsidy are above the optimum. These considerations are reflected
 in the following proposition, which summarizes the principal find-
 ings of the paper.

 PROPOSITION 1. Suppose that the government is regulating the
 utilization of a factor by either a price or quota control. The factor
 is used by many producers. With quotas, all producers are repre-

 sented in the political process; with prices, not all producers are nec-
 essarily members of the industrial lobby. Then (i) with a negative
 externality, a price (quota) regime yields a more efficient factor utili-
 zation if and only if I a/il sI < (>) 1 (the inequality is evaluated at
 the price regime equilibrium); (ii) with a positive externality, a price
 regime yields a larger factor utilization than under quota; efficiency
 comparison is, however, inconclusive; (iii) under both types of exter-
 nalities, the efficiency of a price relative to a quota control increases

 'With a subsidy (t < 0), s can be either negative or positive. When I tI < p, s <
 0; when ItI > p, s > 0. In the latter case, calculated i1 > 0; in both cases, sl > 0.
 For completion, we set sil = 1 for I I = p.
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 with the elasticity of the demand for the regulated factor and de-
 creases with the share of organized producers in total production;
 and (iv) the efficiency of both controls increases with the ethical
 norms of the politicians, 1/a.

 Proof. To prove part i, denote E = I a/il s . For E = 1, resource
 allocation under quota is identical to allocation in a tax regime. To
 compare the controls, consider a shift in a given industry from a
 quota to a tax. Since the move occurs between equilibria, the com-
 pensation (R) is implemented and the only difference in the first-
 order condition occurs in the value of E. Examining (8') and (12),

 one realizes that, for E < 1, Vq in (12) is smaller in absolute value
 than in (8'); a tax regime is then comparatively more efficient. The
 inequality is reversed for E > 1, as required for the proof. Part ii is
 proved by noting that because of the differences in Vq values in table
 1, comparative advantage cannot be determined. Parts iii and iv are
 proved by examination of (12). Q.E.D.

 We now discuss interpretations and elaborations.

 B. Demand Elasticity

 The intuition behind the role played by demand elasticity in compar-
 ing efficiency of the regimes in part i of proposition 1 can be ex-
 plained conveniently for a = 1, p = 0, and s = 1; that is, the industry
 consists of a single producer or of an all-embracing lobby, there is
 no charge for the factor q under a quota regime, and the tax is the

 entire unit price under a price regime. For this situation, qo in figure
 2 is an initial quantity, either determined by a quota or reached by
 the producer when the tax was set to to.

 Consider the rent-seeking effort that increases the quantity to qi.
 Depending on the control, the change may be achieved by either

 increasing the quota itself or reducing the tax to tj. The correspond-
 ing gain to the producer is

 price regime: A + B,

 quota regime: B + C,

 difference: A - C.

 With unitary elasticity, A = C and the difference vanishes, the re-
 gimes are equivalent at the margin. The returns to marginal political

 efforts of equal quantitative effects are identical. Alternatively, if the
 factor demand is elastic, A < C, the returns under a price regime
 are smaller than under quota. Consequently, under a price regime
 the political struggle is less intensive and the equilibrium is closer
 to the social optimum. Similarly, for part iii, the more elastic the
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 FIG. 2.-Gains from political influence: prices vs. quantities

 demand function passing through (qo, to), the smaller the area A + B
 and the less intensive the political struggle. In figure 1, more elastic
 demand is expressed in smaller slopes of the producer's indifference
 curves and a move of the political equilibrium quantity to the left.

 These findings may seem to contradict the established Ramsey-
 Boiteux tradition (Atkinson and Stiglitz 1980) of optimal taxation
 by which the more elastic the demand (or supply), the more socially
 harmful an intervention in prices. The apparent contradiction is re-

 solved by recognizing that when taxes are levied to raise revenue,
 optimal rates minimize their effect on resource allocation; here the
 sole purpose of taxes is to modify the use of resources.

 C. Organization of Producers

 With a single producer, a = 1 and the difference between the con-
 trol regimes is reflected only in the size of the product srj. As we
 saw earlier, under quota, all producers are politically active and the
 degree of their organization does not affect the equilibrium
 reached. Similarly, if in a tax regime all producers are organized in
 a lobby and operate in unison, a = 1 and the number of producers
 or their organizations does not affect equilibrium. But a price re-
 gime is conducive to free-riding.

 The explanation of the importance of cooperation in determining
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 the political equilibrium of an industry is simple, and the situation
 is familiar to observers of administrative controls. With a quota, every
 producer tries to increase his or her own utilization of the controlled

 factor as does a lobby arguing for its members. The political activists

 present convincing arguments aplenty. For the government, it is
 comparatively easy to yield to the pressure of a particular individual
 or lobby; the quantitative effect is relatively small. Alternatively, in
 a price regime with a uniform tax rate, the government stands
 firmer: a concession to one producer or group is a concession to

 the whole industry. Consequently, the greater the amount of free-
 riding in a price regime, the stronger the comparative social advan-
 tage of this control.

 According to conventional thinking, heterogeneity of the produc-
 tion units argues in favor of price control, since prices, being uni-
 form, economize on information; with heterogeneous producers,

 efficiency calls for unequal, individually tailored quotas. This argu-
 ment was qualified by Weitzman (1974), who noted that for iterative
 planning there is no significant information difference between a
 price and a quota regime. In a political environment, between-firm
 allocation is efficient, and heterogeneity in production affects equi-
 librium allocation only to the extent that it may lead to a looser

 organization and to a larger number of free riders.

 D. A Caveat

 The intuitive interpretations, and indeed proposition 1 and particu-
 larly its part i, should be accepted with care. The proposition is de-
 fined for the conditions of a political equilibrium. The equilibrium
 ratio s is endogenously determined, and the elasticity of the factor

 demand is also, in general, an endogenous magnitude. These vari-
 ables are components of a political equilibrium. The proposition,
 as indicated, characterizes the equilibrium. If in equilibrium (with

 negative externalities) I (Y/il s I < 1, price control dominates. It may,
 however, happen that even for an elastic demand and a compara-
 tively small lobby, the equilibrium value of s will be so small that

 I al/s I> 1, and then a quota regime will be more efficient. The
 situation is simpler for an inelastic demand and a = 1; it is then
 assured that 11/11 sI > 1, and a quota control clearly dominates.

 VII. Political Contributions

 While the characterization of the allocation parameters in the first
 stage of the calculation of equilibrium was based solely on the com-
 mon property of political efficiency, the contributions depend on
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 the specific political process. The analysis in the paper is confined
 to Grossman and Helpman's (1994) model, which employs the pro-
 cedure of a menu auction. As before, the analysis is conducted under
 the assumption that all organized producers are members of a single
 industrial lobby and that under a price regime some producers may
 not participate in the political game. As indicated earlier, with our
 structural assumption of constant political cost and effect, only the
 aggregate reward, C, is determined in the political equilibrium; the
 individual c values are set by the lobby. The model conceptualizes
 the political process as a two-stage noncooperative auction game.
 In the first stage, lobbies, which may have opposing interests, offer
 political contributions for changes in policy parameters. In the sec-
 ond stage, the government chooses parameters that maximize its
 utility, which is, as in equation (3), a weighted sum of social welfare
 and political rewards. The perfect Nash equilibrium of this game is
 not unique, but "truthful" strategies lead to unique Nash equilibria
 that are coalition proof and focal.9 With a single lobby, which is the
 situation we analyze, the government obtains only its reservation util-
 ity, and all surplus in the polity is received by the producers.

 The government reservation utility is given by V(qs,... , qs). Ac-
 cordingly,

 C V(qs. . . ,qs) - V(ql, * * q;P). (14)
 In figure 1, the payment to the government is represented by the
 distance, on the contract curve, from the q axis to the point a. The
 political contributions grow with the deviation of equilibrium alloca-
 tion of the regulated factor from the social optimum.

 Using equations (14), we make the following conclusion.
 PROPOSITION 2. Consider the setup of proposition 1 with negative

 externalities, and suppose that the political process follows the pro-
 cedure of a menu auction. Then a quota (price) regime induces a
 larger level of political contributions if and only if I a/il sI < (>) 1.

 If the political process follows the procedure of a menu auction,
 then proposition 2 and part i of proposition 1 complete the main
 answers to the question of prices or quantities: (a) the comparative
 advantage of either of the regimes can be determined unambigu-
 ously for negative externalities; (b) with negative externalities, the
 condition for price regimes to be more efficient both in yielding
 resource allocation closer to the social optimum and in saving on

 9 Marginally and when contribution schedules are differentiable, all politically
 efficient equilibria are truthful: at points of tangency in fig. 1, producers under
 quota offer Dc/lq = lsq; in a tax regime, they offer ac/at = q. In both cases the
 marginal contribution is equal to the true value of an additional unit of the negoti-
 ated control.
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 political pressure and rewards is that lo/lisl < 1; and (c) with posi-
 tive externalities, the comparative efficiency of either of the regimes
 cannot be determined in general terms.

 VIII. Concluding Remarks

 Government intervention invites political pressure, and a political
 environment affects the efficiency of the instruments of public regu-
 lation. Our principal findings were that conditions for preference

 of a tax or a quota regime can be identified for negative externalities,
 but not for positive effects, and that a regime with more efficient
 factor allocation will also have lower levels of political activity. More-
 over, the comparative advantages of the control regime-always in
 terms of factor allocation and in many cases also in terms of political
 contributions-are the same for markedly different modes of politi-
 cal activity.'0

 Simplifying and clarifying, we chose to restrict the discussion to
 linear political influence structure. But the cost of political activity
 can increase, for example, when it becomes more and more difficult
 to mobilize demonstrators and other activists, and it can decrease
 when a large lobby is more effective than the sum of its members.
 Likewise, the marginal political influence may decrease with the
 amount of the political contributions or with the intensity of the
 demonstrations. Incorporating decreasing or increasing cost and in-
 fluence, we have found elsewhere (not as yet reported) that alloca-
 tion and contributions are determined simultaneously; more inter-
 esting for the purpose of the present analysis, the major findings of
 the paper are left intact and are not affected by the adoption of the
 simplifying assumptions. The robustness of the conclusions in the
 face of changes in structural assumptions and in the political mecha-
 nism augments our confidence in the generality of our findings.

 The analysis can be expanded in several directions. An immediate
 extension would be to apply it to the external effects caused by a
 product and not a factor. Another would be to examine the finding
 that the conclusions are the same whether the industry has one lobby
 group or several. In a nonlinear structure, lobbies may compete, and

 one may be stronger than the others. A further possibility envisages
 that consumers and socially conscientious individuals-not only pro-
 ducers-may organize in influence groups and counterbalance, at
 least partly, the political pressure of the industrial lobbies. One may

 '1 In a working paper version of this article (Finkelshtain and Kislev 1995), we
 considered also the Harsanyi-Zusman model of cooperative bargaining (Zusman
 1976) and reached similar conclusions.
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 also consider the imposition of mixed control combining a binding
 quantity control with some level of taxes. In a preliminary analysis
 in this direction, we found that an optimal policy combination can

 be identified and that it is not always true that an increased reliance
 on prices, in a mixed regime, improves allocation efficiency. We
 hope to examine these and other possibilities in the future.
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maximize profits and disregard the externalities they create. A planner,
taking into account both the value of production in the industry and
its effect on others, can determine socially optimal utilization of the
externalities-inducing factor.

The role of the social planner is undertaken by the government, with
one modification: politicians are sensitive to political pressure, to rent-
seeking efforts. We model the pressure as contributions or rewards paid by
the producers to the politicians. In this framework, rent-seeking lowers
social welfare but creates a political surplus which is shared by the politi-
cians and the producers. The magnitude of the political contributions
determines the division of the surplus: the higher the rewards, the larger
the share of the politicians and the smaller the share of the producers. The
rewards may take many forms: monetary campaign contributions, outright
bribes, demonstrations, strikes, letter-writing, and personal services. The
political rewards may enhance welfare, the welfare of the politicians or
even public welfare as when a constructor builds a school in return for a
lucrative permit. Concentrating on political influence, we disregard the
particular nature of the rewards and their wider implications.

One assumed characteristic of the producers-government polity which
has significant implications for the analysis is linearity: the political
rewards are in money or money-like contributions, they are of constant
cost and effect. We do not consider the possibility that the cost of col-
lecting political contributions is rising or that their effect may show
diminishing returns.

The policy regimes - taxes, subsidies or quotas - have different and
opposing income and budgetary effects. Concentrating on allocation, we
put the alternative regimes on the same footing by introducing a lump-
sum compensation payment which, by assumption, is introduced with the
imposition of a regime. For example, the implementation of a tax regime
is accompanied by a compensation equal to the computed equilibrium
value of the tax and distributed to the producers as a side-payment; when
the control shifts to a subsidy regime, the producers are asked to pay the
lump-sum. Being a lump-sum payment, the compensation does not affect
allocation - either the magnitude of the political rewards or employment
of the variable factor. Such payments, which are here introduced as an
analytical device, are observed in practice. For example, the government
of Israel is now considering a reform in the country's water economy.
Prices will rise to replace administrative allocation, farmers will be com-
pensated. The compensation will be a function of the water quota a farmer
has held, independent of future water utilization.
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The second sector, the government, is viewed as maximizing the
weighted sum

W = V(q) + aC (4)

where V(q) is social welfare defined over the vector q = et, ... , {.The
constant a ) 0 represents the preference of the government for political
bribes relative to public welfare; it can also be seen as standing for the
political power of the influence group in the industry. Lobbies in different
industries may have different a values.

Welfare is taken to be the sum of net product and external effects.
Accordingly, the function V is written as

v(O=>i(qi) +Z^,rn,

where y'(Q) is the money-metric utility function of the jth consumer who
is influenced by the external effects ofthe regulated factor. The function p
increases with 0 for positive externalities and decreases for negative
effects. Utility is also defined over the vector of prices of consumption
goods; but, assuming a small economy with all goods traded, prices are
constant and they are not represented explicitly in the function. It is
assumed that p! is concave in Q, and hence in each qi. Similarly, since V is
the sum of concave functions (in each q,), it is a concave function itself.
All functions are second-order differentiable and interior solutions are
assumed throughout.

Note that c and C enter linearly in (2) and (4). This reflects the linear
nature of costs and effects in the political process and will simplify
significantly the analysis below.

3 POLITICALEQUILIBRIUM

As indicated, politicians in the government are willing to accept political
contributions in return for economic favours. In our model the politicians
are willing to lower taxes, raise subsidies or modify quotas. By the 'politi-
cal process', we mean the particular interaction between the politicians
and the interest groups attempting to influence them. The threat point of
both sides to the political give and take is the social allocation with no
rewards. This is the situation either side may retreat to if it is not satisfied
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corresponding rate for the politicians.3 The equilibrium is indicated by
tangency of social and private indifference curves in the q, c plane, depicted
in Figure l2.l for negative externalities. The indifference curves in the
figure are for a single producer and society, where for society it is assumed
that all other producers are at equilibrium utilization of the factor q.

A private indifference curve is the graph of points of identical income;
it is derived from (2) by changing c and q, keeping y constant.
Accordingly, the curves are marked y, and y2. As drawn, y, ( y, as for
each value of q, the political payment on y, is higher than on y2. Similarly,
the social indifference curves are constant W graphs (4), marked W1 and
Wr, with WrlWz.

Three levels of utilization are marked on the diagram: q" for social
optimum, this is the utilization maximizing y(q) in (5): d for political

Reward

Figure l2.l Political equilibrium with negative extemalities (quota or tax)

Finkelshtain & Kislev: Economic Req,.::.

equilibrium, and 4' for private. non-:n:-:.:
The contract curve is the line ertendrns ::
the property that the quantity of the reg--
level of the political reward. As Figure -i
ities are negative, the political equilib,r::-:
factor is a compromise between the sw:r :

private profi t-maximizi ng empl or, trle fl I t- ]'-:
ties, the graphical configuration is the s-
quota control and the political utilizarion :s
(not necessarily the same quantit) q '. T:.:
positive externalities ; but before c on s iie:: :,

view the equilibrium reached in terms c: :
of Figure 12.2. ln this diagram, r,o maris
Vn marks marginal social welfare (t'cl:
diagram). The political equilibrium fcr :-.e_s

to be a compromise in which privare rnr:.
marginal welfare is negative.

The indifference curves Y, and It', in Fr:
point q*; the segment bc on the conrraci .
game. The segment ab indicates the amcu:.
to be kept on their reservation utilitl. Ir :s :

for the politicians to participate. ro rr1r.'.3

cation to the political equilibnum.
Panels b and c in Figure 12.2 depi;l :'-

externalities. Under a quota regime. e;-..
mise - as it is for negative effecrs - :e:'.i
allocations. Under a price regime. on lh: .

not be forced to increase production: u:::
and they further augment the price etTe:: :
sidies. As a result, the political equilitr:*=.
12.2, panel c, ( is to the right of both ;' .
ternalities are positive and the conrrol i:-...:.
equilibrium may be socially infenor :,: :.
of a free market without governmenr rr:3:.

5 PRICES OR QUANTITIES

The central question of this chapter rs: *:s:
ment and when is a quantity conrrol te:::
relatively more efficient, it will thereit:: :,
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Figure 12.2 Marginal welfare and marginal profits

dimensions of efficiency in the analysis. political efficiency was defined in
Section 4 as Pareto-efficiency of the polity: the producers and the politi-
cians are on their contract curve. Allocative efficiency as used below for a
political equilibrium is measured by the distance of the employment of the
factor q from social optimum utilization. The closer the employment, the
more efficient the equilibrium. s-efficiency (for rent-seeking) is defined by
the size of the political reward: the smaller the reward, the more efficient
the political equilibrium.

Finkelshtain & Kislev: Economic Reei.;:

Since the political equilibrium m3\ :E
stages and it is, by construction, politr.;:r-...
sions of efficiency - allocative and S-e::.
separately. We start with allocatire e::.
marized in Proposition l, in which the f:..

__Q(K) the share of producrion :r :
"=O@i price regime

4 = the elasticity of the demand for ::
s = tl(p+t) the ratio of the tar ro rhe ::

Proposition I

Consider political equilibria calculate c i::
subsidy) then,

(i) With negative externaliries. a pn,-e .

allocation if and only if in equihbri r::
more efficient when the inequairir
equally efficient when lfi | = 1.

(ii) Under both types of control. rhe ::
quotas increases with the elasticrrr c:
decreases with the share of the proc-
lobby.

(iii) Efficiency of both controls decrea_ies
producers, a.

(iv) With positive externalities. a pri;e :
of the factar q than a quora rei::
inconclusive.

As indicated, a formal proof is gir e: ::, i
We limit the present discussion to a ie..i
interpretations and elaborations.

5.1 Remarks

The comparative advantage of a regime ; .'
negative externalities. When the erter.-r:j e:

rium utilisations for the alternative 13S:::
always 'far apart', one being a comprc:.:s
right of the no-intervention profi t- mar r it-.. r :

MarginaI
utitity

Marginal
util ity
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therefore impossible to find analytically conditions under which the
regimes are equally efficient and conditions which characterize compara-
tive efficiency of either of the controls. Given the necessary data for any
particular situation, one can, of course, calculate the political equilibrium
utilization for both regimes and compare their welfare implications.

Item (iii) in Proposition I could be expected intuitively: the more
powerful the producers, the more they succeed in moving the political
equilibrium closer to profit-maximizing allocation and further away from
the social optimum.

Item (iv) is again a reflection of the differences in Panels b and c in
Figure 12.2.

5.2 Demand Elasticity

The intuition behind the role played by the elasticity of the demand for the
regulated factor in comparing allocative efficiency of the regimes in part
(i) of Proposition 1 can be explained conveniently for the special case

where o = l, p = O,s = I ; that is, the industry consists of a single producer
or of an all-embracing lobby, the factor can be acquired freely up to the
designated amount under a quota regime, and the tax is the entire unit
price under a price regime. For this situation, let qs in Figure 12.3 be an

initial quantity, either determined by a quota or reached by the producers

when the tax was set to f6. Consider the rent-seeking effort that increases
the quantity to q.1. Depending on the control, the change may be achieved
by either an increase in the quota itself or by reducing the tax to 11. The
corresponding gain to the producers is

Priceregime A+B
Quotaregime B + C
Difference A - C

With unitary elasticity, A = C and the difference vanishes, the regimes
are equivalent at the margin. The returns to marginal political efforts of
an equal quantitative effect are identical. Alternatively, if the factor
demand is elastic, A < C, the returns under a price regime are smaller
than under quota. Consequently, under a price regime, and with elastic
demand, the political struggle will be relatively less intensive, and the
equilibrium will be closer to the social optimum. Similarly, for Part
(ii): the more elastic the demand function passing through (qs, rs) the
smaller the area A + B, and the less intensive the political struggle. In
Figure 12. l, more elastic demand means smaller slopes of the producer's

Finkelshnin & Kislev: Economic Rep.-;-

t

Figure 12.3 Gain from polirical ::i -.'

indifference curves and a move of the p.
to the left.

These findings may seem to conrradr;: '-:

tradition (Atkinson and Stigliu. 198ti c:
more elastic the demand (or supplr r i::e :
vention in prices. The apparent conur;,:::
that when taxes are levied to raise re.,e:.-
effect of the tax on resource allocar;c.-.. ';

taxes is to modify use of resources so 1. ::
the negative externalities.

5.3 Organization of Producers

With a single producer, a = I and i:e :
regimes is reflected only in the size ,:: ':.
plained already that under quota ali p:;c-
the extent of their organization does nc: e:-
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equilibrium. Similarly, if in a tax regime all producers are organized in a
lobby and operate in unison, o = I and the number of producers or their
organization does not affect equilibrium. But a price regime is conducive
to free-riding.

The explanation for the importance of cooperation in determining the
political equilibrium of an industry is simple and the situation is familiar
to observers of administrative controls. With a quota, every producer is
trying to increase his or her utilization ofthe controlled factor and so does

a lobby arguing for its members. The political activists present convincing
arguments aplenty. For the government it is relatively easy to yield to the
pressure of a particular individual or lobby; the quantitative effect is rela-

tively small. In a price regime with a uniform tax rate, on the other hand,

the government is standing firmer - a concession to one producer or group
is a concession to the whole industry. Consequently, the greater the amount

of free-riding in a price regime, the stronger the comparative social advan-

tage of this control. Similar considerations underlie Rodrik's (1986) analy-
sis of trade regimes, though he views subsidies as firm-specific.

By conventional wisdom, heterogeneity of the production units argues

in favour of price control as prices, bcing uniform, economize on informa-
tion while, with heterogeneous producers, efficiency calls for unequal, in-
dividually-tailored quotas. This argument was qualified by Weitzman
(1974), who noted that for iterative planning there is no significant infor-
mation difference between a price and a quota regime. In a political envir-
onment, heterogeneity in production further affects equilibrium allocation
as a more heterogeneous industry may tend to be more loosely organized
and have a larger number of free-riders.

5.4 A Caveat

The intuitive interpretations, and indeed Proposition I and particularly its
Part (i), should be accepted with care. The proposition is defined for the
conditions of a political equilibrium. The equilibrium ratio s is endo-
genously determined; the elasticity of the factor demand is also in general
an endogenous magnitude. These variables are components of a political
equilibrium. The proposition, as indicated, characteizes lhe equilibrium: if
in equilibrium for a price regime (with negative externalities) lft I < I,
price control dominates. It may however happen that even for an elastic
demand and a comparatively small lobby, the equilibrium value of s will be

so small that l# | > l, and then a quota regime will be more efficient. The
situation is simpler for an inelastic demand and o = l; it is then assured

that l-r | > I and a quota control clearly dominates.

Finkelshtain & Kislev: Economic Re_i,-:-:

6 POLITICAL CONTRIBUTIO\S

The derivation of the conditions s:e:::..
quotas, taxes, or subsidies - was ba-,e; :: '--,

equilibrium solely on the common p:rs:i,
litical contributions, and with rhem rhe :: ,:
producers and the politicians. depend ::
the political process. We have examinec :-;
the Harsanyi-Zusman model of cocpe:i':
Zusman and Amiad, 1977), the equilibn .::
lution to the bargaining game, and Grc,s=r..
which employs the procedure of Firsr P::--.
analysis is conducted under the assumri,t:_
of a single industrial lobby and rhar in " ::..
not participate in the political actir in T:.: :
mines the total industrial political connr-'i
by the producers in the indusul" are lefi i,: ':

The two political games differ rn l:.e
the cquilibriunr level of conuiburions. Br
with a single lobby, as is the case anal,, ze;
the political surplus and the poliricians ::e
In Figure l2.l,rhe politicians are sire: .-:.,

divides the surplus and the equilibnum --.-:--

be located on the segment Dc in Figure i i -

As with political allocation. equiii'r:--:
characterized unambiguously for posrr:,, e e,

limited to negative effects. The majr ::.:
marized in Proposition 2 in which ihe .-,::
terms of S-efficiency and a regime is re .,::.
smaller political contributions rhan the .-:::

Proposition 2

With negative externalities,

(i) Both for a Nash solution of a c;':-:
a First Price Menu Auction: rt. ::. :;
lfi I < l, a quota regime induces " .-.
price regime is the more efficien: : ::.-:

(ii) For a Nash solution, if l* I > i. ":: .-
a larger or smaller polirical c.:::r:-



eqt Jo ozrs a^rleleJ oqJ 'uonnqrJtuos lecllllod ralleus ro re8rel u
p1ar,(,(eu aurEer BtonbB 'I >-o pue.l < ;$lgr.uonnlos qsENe roC (lt)

'loJluoc luerJgJe eJou eql sr aur8er ecrrd
e pue uortnqrruoJ lucrlrlod re8rel B secnpur eul8ar elonb e .l > I *l 'loruoJ xsl B Jepun urnrrqrltnbe ur 3r :uorlcny nuoru ecrrd tsJrC E

JoJ pue aue8 8ururc3req err.rleredoo, B Jo uorlnlos qsBN B loJ r{tog (t)

'serlrluuJolxe a^neBeu qlllt\

7 uogl.rsodo.r4

'lor1uoc e^nuuJellu eql ueql suorlnqrluoo pcqryod Jelletus
ol spBel ]l JI lueDUJs erour ,(1ezrr1e1er sr aurEer e pue trcuercuJs-s Jo surJal
ur pereduroc are seurr8er loJluoc eql qJrq/r\ ur 7 uorlrsodord ur pozrruru
-IUns eJu srs,(1uuu aqt go sEurpug urBr.u aql .slJaJJe eleetau ol palrr.url
aJE suorsnlcuoo eql 'sorlrluuJolxe e^rlrsod ro; (lsnon8rqr.uuun pezualouJuqc
eq louuEc spJBir\ar pcllrlod wnrrqr[nba ,uorlecolle pcrlrlod rlll^\ sv

'1'91 arn8rg ur cq luau8as eql uo petecol oq
[[I,t\ uoonlos lBqt ot Surpuodsauoc runuqrrnba aql puB snld:ns aql sepr^rp
uorlnlos qs?N V'qa lueu8es eql ua,rrE eJu suurcrlrlod aql .I.ZI ern8rg u1
'{trltn uor]u^Jasal Jraql uo uel oJe suercqrlod aqr pue snldrns pcrlrlod aqt
IP se^Ia3eJ fuisnpul 3r{l 'aJeq paz(pue as?c eql sr se 

"(qqo1 
a18urs e qtvvr

'uorlcnv nuetrAl aJrJd lsrrC eql ,(g 'suorlnqr4uoc Jo la^el tunrJqrlrnbc eql
ur - uorlnlos Jraql Jo aJnlBu eql ur JaJJrp saureS pcqrl0d o/l\l eq-L

'tas ol ,tqqo1 aql ol Uat oru ,fttsnpul aql ur sJarnpord aqt ,(q
suorlnquluoo lunpt,l,rpur oql :uounql:1uoc pcrlrlod pulsnpur plot eql seuttu
-Jelap 'lepotu Jar{lro JoJ 'srs,(puu eql ",(il,trtce pcltllod aql ur eledrctued lou
,(eru srecnpord ouros 'aurSor acud u ul ler.ll puu {qqo1 prgsnpul el8urs u 3o
sraqrrreu ore sracnpord IIB luql uorldurnsse eql Jepun pelcnpuo, sr srs,(puu
aqt 'eroJeq sV 'uorlonv nuehi ecl.'d tsrrC Jo arnpacord eqt s,(oldrua qcq,n
Iapou (1661) s.ueurdleg pu? uBrussoJg puu .erue8 Eurure8req eqt ol uoqnl
-os (0S6 I ) qsBN aql sr qrrr{^r Jo runpqrlrnba eql ,(LL6l ,pBIurV puu uerusnz
:9/61 'uuusnT) 8ururcBmq a,rqeradooc Jo Iapou uutusnT-r,(uusJeH er{l
:suorlElnuuoJ aueS anrluurellE o/$ pourrrBxa a^Bq al& 'ssocord pc4110d eqt
Jo scrlsrJalJBrEqJ JulncruEd eq1 uo puadep 'suercr1r10d oql puE sracnpord
er.{l uae^\teq snldrns eql Jo uorsr^rp eqt uaql qll^r pw ,suoqnquluoo 

lecrtrl
-od aql ',(cuarcgge pcqrlod;o ,(uadord uoruruoJ aqt uo ,(1a1os unuqrlrnbe
Jo uollulncl8c eqt30 eEas lsJg eql ur pssEq sE^\ - sarprsqns Jo .sex4 ,szlonb

- sralauerud uortEsollu aqt 3ur,(Srceds suorlrpuos aql Jo uorlB^lJop aqr

SNOIINSIUINOJ'IVCIU'IOd 9

SgZ acuan{u1 Tocttllod puo uorpp*ay olwouocg :^apty T ulotqqayqt

pernss* uaqr sI rr :I -;Hffi;JiXi;;;,
eql 'tuelcgJe atotu eq 11tlr aur8ar Ylonb : 'j
aq III/I\ s Jo enlE^ urnuqrltnba aqt '.a,qqcr1 1':::
JrlsBIa u€ roJ ua^e rqt uaddeq Ja.\aflL-'J '.:
'I > l +l (ser1r1eu:a1xa aatluEau qlr\\ 1 e:.
gr :unuqrlrnbe eqt sazuaprlt {, 'petetlP'il }-:

pcqtlod u;o sluauodluo, aru selqslre,. -\a-
lerauaE ur osle sI puuluep rolJEJ et+ JL' '::::-.
-opue sr s oIleJ untrqrpnba aqf '[!nu;.':
er{l JoJ peugep st uotltsodord aq1 'a:r-'::::'
s1r,(pelncrped pue 1 uorlrsodor6 paapu: :-.

'sJ:p L -;:.
pezrue8ro ,(1esoo1 aJou eq ol puat .ieu ';s
uorteoollB urnrrqtltnba slcaJJB Jaqun-I u.- : - r -
-rrnua lucrlrlod u u1 'erut8ar ulonb E pur ::-
-roJur luetgtutts ou st araql Suruueld :',::;:
ueuzlre1Y\ ,(q pagrpnb su,u luaurnsrr .:-'
-ur 'lunbeun JoJ slleJ ,(cuarog;a 'srarnp,:: ;
-BuxoJuI uo ezlluouoJe'IruoJlun 3utr*1's : :'-

san8re $Iun uoucnpord oqt 3o ,tllau3sLaj;:i
'cgrceds-urg sB soIPISqns s Y,::'.

-,(puu (9961) s.IIJpoU ellrapun suollure::s:
-uB^pB Ieroos eAIlEJBdtuoc eqt Je8uors ;J: ;

lunoure aqt retuer8 aqt ',(puenbesuo3 (is-:
dnor8 ro racnpord euo ol uolssssuos E - j;;
'pusq Jeqlo aql uo 'aluJ xul lruoJlun E lli::'i.

-BIer sr lcaJJe a^Itetlluunb eqt i(qqo1 ro 3::
eqt ot p1er,{ ol (sea ,(la,rrtelar sI lI lueuuj;'.
Surcur,ruoc luaserd slsIAIlJe lucnrlod aql !-

seop os puu JolcBJ pollo.uuoc eql Jo uotl?z:'

sr recnpord ,fuane 'ulonb u qll1ysloruo:
JellpuuJ sI uollpnlts eql pu€ eldurs st t:s:.
eql Sutunuralap uI uollsJedooc 3o aJuzu];

a^rcnpucJ st eurt8ar acud e lng 'unpqrlrr,:

Jreql Jo srecnpord Jo Jeqlunu a{l pue | = I
u ur paztue8ro oJB sraonpotd 1p eurSar rz:

spoog u1qn4 {o stta;



256 Policy Aspects of Public Goods

political contribution in a First Price Menu Auction is not affected by
the magnitude of a.

The inequality condition in Proposition 2, part (i), is the same condition
as for allocative superiority of a price regime in Proposition l. The explan-
ation being that with comparatively high allocative efficiency, I is rela-
tively close to q' and the compensation needed to keep the politicians on
their reservation utility (the segment ab in Figure 12.1) is low. Hence the
more efficient the allocation in the political equilibrium, the smaller the
political contribution if the political process follows the procedure of
the First Price Menu Auction. Also, the political surplus to be divided
between the politicians and the producers is small when allocative
efficiency is high, and so also the absolute contribution to the politicians is
relatively small - whatever their share by the Nash solution to the
bargaining game.

Part (ii) in Proposition 2 is a consequence of the fact that a small lobby,
relative to the size of the indusry, will often raise small amounts of politi-
cal contributions. Hence, even ifthe sign condition indicates superiority of
the quota regime (in terms of S-efficiency), it may still happen, in a par-
ticular case, that a price regime induces smaller contributions.

7 SUMMARY AND EXTENSIONS

The principal findings ofthe analysis are:

(a) The comparative advantage of one of the regimes can be character-
ized only for negative externalities. Then, if 16l < t, a price regime
induces socially preferred allocation and relatively less intensive rent-
seeking efforts.

(b) The political equilibria for negative or positive effects are not sym-
metric. With negative externalities, the producers struggle to increase
quotas under administrative control and they attempt to reduce the
tax when regulation relies on prices. The political influence - under
both control regimes - results in increased employment of the regu-
lated factor, compared to the social optimum utilization. With posi-
tive externalities, on the other hand, depending on the control regime,
the producers attempt to reduce quotas or to increase the subsidy. The
results are different, higher subsidies increase production.

(c) Consequently, when the effects are positive, subsidization with
political influence may reduce welfare compared to a free market no-
intervention situation.

Finkelshtain & Kislev: Economic Rr:.-;-
(d) Political modification of a un:::::-,

subsidy - is a public gooC. The:::_:
riding will erode rhe political r: -::
regime.

The conclusions of the anall sis 3ie t:: -

work of the chapter, of external ene;.r. ri:
of production. They can be exlentjej. :.-. 

=
the conclusions apply, with obricus :-.
caused by a product or a service. Like;:s
Iimited to externalities, it applies tur i.:-... .
tion: of a national government. a mun:::: l
a corporation. Political acrivir\ is p:e.::
groups can gather around common tn:3:a!:

The political rewards are seen here :_. :.-..
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Notes

l. We received useful commenrs r:: :-
Hillman, Yair Mundlak, Manin pi.=: \

2. The rewards, C and ci, do n..r :::e- .:
Nash solution determining eirhe: ;':: q -
equation determining the rerr ard:.

3. The conditions characterizins efi:.:,-.: =:
ing W in (4), with respecr ro r.e ,=.-i
subject to an arbitrary pre-assirne: r i_:

4. Remember that d,q,) stands fcr pr--::, :t:
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Abstract

This paper analyzes the effect of political pressure on taxes and subsidies in a polluting industry.
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1. Introduction and summary

In this paper we examine regulations implemented to reduce pollution in a competitive

but politically powerful industry. Agriculture can serve as an immediate example. The

paper has three messages. The first two deal with contents: (a) the symmetry of the effects

of taxes and subsidies breaks down, even in the short-run, in the presence of political

pressure; (b) production is inefficient (it is not at minimum AC) both in the short- and long-

run. The third message concerns method: an analysis of the political economy can rely

solely on general assumptions of individual rationality; in particular, on what game

theorists term the participation constraint. It is not necessary to formulate a detailed

model with stronger assumptions in order to reach our conclusions.1

It is an established finding of analysis, relying on marginal economic principles, that a

socially optimal level of pollution can be achieved by either a tax per unit of discharge or a

subsidy per unit of reduced emission (for a survey and references, see Cropper & Oats,

1992). The symmetry of the two control instruments was, however, criticized on several

grounds, the most common being the marked difference in their long-run effects.

A series of studies focused on endogenous (long-run) entry (e.g., Kamien, Schwartz, &

Dolbear, 1966; Kohn, 1985; Polinsky, 1979). The general conclusion that emerged was that

a tax regime is more efficient than a subsidy, since it yields fewer active firms, smaller

pollution levels and lower production costs. Moreover, several studies have shown that,

with subsidies and in the long-run, pollution may be greater than its free market, non-

intervention level. Fisher (1981) pointed out incentives of strategic behavior: firms could

increase pollution in anticipation of future subsidies.

Although the main criticism of the symmetric effects of taxes and subsidies focused on

the long-run, some authors questioned its short-run validity. For example, Just and

Zilberman (1979) showed that, with uncertain externalities, subsidies decrease risk of

pollution, while under a tax regime, pollution reduction depends on additional restrictions

on the structure of risk preference. Differences in income and profits were the principal

sources of asymmetry in the effects of the alternative regimes in the last study as well as in

those quoted earlier.

More often than not, government intervention, even if well intended, induces lobbying

and political pressure. Interest groups organize in order to modify policies: either to fend-

off threats or to exploit opportunities. This paper shows that—even with full information,

no strategic behavior, and predetermined industry size—the political equilibrium with

taxes and subsidies is asymmetric. In the short-run, a tax regime leads to over-production of

the polluting good, while with subsidies, too little is produced.

Our analysis of the political economy shows, further, that asymmetry of controls also

prevails in the long-run. Taxation reduces output and pollution, while subsidization

increases them. Except for one special case, production is not efficient under both regimes:

with taxes, firms produce more than the cost minimizing quantity, while with subsidies,

they produce less than this amount. The upshot is that, contrary to the professional

1 Elsewhere (Finkelshtain & Kislev, 1997) we demonstrate asymmetry in a general equilibrium analysis

conducted in a more structured model.
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conventional wisdom, in the presence of political pressure, a tax regime may be inferior

both to a non-intervention, free market equilibrium and to a subsidy regime.

2. The economy and the environment

There are N identical polluting firms in a competitive industry. The producers disregard

negative externalities associated with their activities. We study the consequences of

regulation in this industry in the short-run, when N is given, and in the long-run, when

N is endogenous and determined as part of the political-economic equilibrium. Several

simplifying assumptions are adopted: (1) the analysis is of partial equilibrium, focusing on

the industry and its regulation; (2) firms are identical; (3) pollution is proportional to

output, q, with a proportionality coefficient e; (4) the polluting sector, assumed to be small

and competitive in the input market, faces constant input prices; (5) the cost function, c(q),

increases and the long-run average cost is U-shaped; (6) all functions are second-order

differentiable and interior solutions are assumed throughout.

Social welfare is measured as total economic surplus

VðQ;NÞ ¼
Z Q

0

pðzÞdz � Nc
Q

N

� �
� eQ; (1)

where p( ) is the decreasing inverse demand function for the product, defined over total

industry output, Q ¼ Nq.

3. The political economy

The government, aiming at pollution control, chooses a regulation instrument, either a

tax or a subsidy. Once an instrument was chosen, producers endeavor to affect the ensuing

policy but, by assumption, the choice itself is not subject to political debate and influence.

3.1. The polity

Each producer in the regulated industry contributes the sum r (dollars per year) as a

political reward. The rewards may take the form of aid in campaigns, demonstrations, letter

writing, or even outright bribes. We assume that the producers understand the significance

of the political activity; free riding is not practiced. The politicians, accepting the rewards,

are ready to modify regulation policies. Accordingly, the politicians are seen as max-

imizing W in

W ¼ WðV ;RÞ; (2)

where V is defined in (1) and R ¼
P

r ¼ Nr is the sum of the political contributions in the

regulated industry.

By (2), the politicians are interested only in the total sum, R, contributed by the industry;

its distribution among the producers makes no difference. However, as indicated, we

assume that firms are identical and each producer contributes the same r. One special case
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deserves attention: sometimes industries, collecting political contributions, impose levies

in proportion to output, r ¼ rq. It will be shown in the following that this proportionality

modifies one of the conditions of the long-run political equilibrium.2

Long-run equilibrium in a competitive industry is characterized by zero profits.

However, at any point in time, firms own tangible and intangible productive assets the

returns to which they maximize. As part of their activities, producers are ready to

contribute to political causes—whether they realize or do not realize the long-run zero

profit destiny of the industry.

The producers in the industry attempt to maximize profits while the politicians (the

government) strive to maximize their own welfare W. The parties are seen as striking a deal,

trading regulation reforms against political rewards. The details of the deal are not

specified, but it is assumed that the social optimum [the set of policies maximizing

(1)] is the threat-point of the political game: if the producers do not keep their part of the

bargain, the government is powerful enough to force a tax or subsidy maximizing social

welfare. The producers may also threaten to accept the welfare-maximizing instrument and

deprive the politicians of the desired reward R.

3.2. Rational participation

Two groups of models have been applied to the study of policy formation in the presence

of political activity. The first employs explicit game formulation; examples are Zusman

(1976) using a Nash (1950) cooperative bargaining game and Grossman and Helpman

(1994) who model the political process as a non-cooperative auction game. Fredrikson

(1997) applies Grossman and Helpman’s model to study pollution taxes in an open

economy. Peltzman (1976) and Hillman (1989) belong to the second group. In their work,

the government is viewed as setting policy parameters in order to maximize a political

support function that trades the welfare of voters with divergent interests.

Individual rationality is an integral part of all game-theoretic models, both cooperative

and non-cooperative. Actors will not take part in a game unless their reservation utility is

maintained. This axiomatic prerequisite, that the utility of joining a game must be at least

as great as the opportunity foregone, is incorporated in formal models as the participation

constraint. A similar rationality assumption can also be attributed to models in the second

group of studies, although generally individual behavior is not part of their explicit

formulation.

In the analysis to follow, individuals or firms may form lobbies and invest financial or

other resources to influence political decisions. Apart from profit maximization, the only

behavioral assumption is that the producers are politically active only if the participation

constraint is satisfied; a more detailed behavioral structure is not assumed. Consequently,

the conclusions do not rely on any particular form of the political process. Simplicity and

generality are convenient and powerful attributes of a theoretical analysis but, needless to

say, they limit the scope of the issues considered. We shall comment on limitations in the

conclusion of the paper.

2 We are indebted to Ayal Kimhi for this insight.
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4. Short-run equilibrium

This section is devoted to a description of short-run industrial equilibrium, where the

number of firms is given, �N. Denote the profit of the typical firm by p ¼ pq � cðqÞ, and

mark by a superscript pr free market, non-intervention variables. Accordingly, in the

absence of intervention, the profit maximizing output of a single firm is

qpr ¼ arg max
q�0

½pq � cðqÞ�; (3)

yielding the short-run equilibrium condition:

pprð�NqprÞ � c0ðqprÞ ¼ 0: (4)

With pollution, the equilibrium defined by (3) and (4), though profit maximizing, is socially

not optimal. We turn therefore to welfare maximization and continue with the incorpora-

tion of political pressure and the demonstration of the asymmetric effects of the control

instruments.

4.1. Welfare maximization

In the short-run, socially optimal, welfare maximizing output, Qw, is

Qw ¼ arg max
Q�0

½VðQ; �NÞ�; (5)

with the first-order condition:

pðQwÞ ¼ c0
Qw

�N

� �
þ e: (6)

Production by (6) is lower than by (4); namely, for the industry Qw 
 Qpr ¼ �Nqpr and at the

firm qw 
 qpr. This motivates government intervention.

The government may use either of two alternative instruments of intervention. First, it

may levy a per-unit tax, t, on production; namely, a firm producing under a tax regime qt

units of output, pays taxes to the amount tqt. Second, the government may subsidize a

reduction in the production of each firm below some predetermined level, �q. In this case,

the typical firm is paid a subsidy of sð�q � qsÞ.3
The implementation of the control regimes modifies the private first-order conditions

and it becomes

pð�NqtÞ � c0ðqtÞ ¼ t and pð�NqsÞ � c0ðqsÞ ¼ s: (7)

In the absence of political pressure, the government takes into consideration condition (7)

and sets per unit tax or subsidy to maximize V. The first-order conditions for the choice of t

and s are, respectively,

@V

@t
¼ �Nðpð�NqtÞ � c0ðqtÞ � eÞ @qt

@t
¼ 0; (8)

3 If �q is too small, firms may give up the subsidy rather than lose income. We shall therefore assume, for

simplicity, that �q is set at minimum AC.
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and

@V

@s
¼ �Nðpð�NqsÞ � c0ðqsÞ � eÞ @qs

@s
¼ 0: (9)

Since @qt=@t < 0 and @qs=@s < 0, the expressions ðp � c0ðqtÞ � eÞ and ðp � c0ðqsÞ � eÞ
must vanish and, comparing with (7), it is seen that the control measures are set at

t ¼ s ¼ e, yielding qt ¼ qs ¼ qw. At these levels of production, pollution will be socially

optimal in the short-run—with a given number of producers—although production may be

inefficient: if, before the imposition of the control, firms were at minimum AC, they

produce with government intervention at lower q levels.

4.2. Asymmetry of political effects

Proposition 1 characterizes short-run political equilibrium.

Proposition 1. Consider the regulation of a polluting and politically powerful industry

with a predetermined number of firms. Then:

(i) Under a tax regime, 0 < t < e and, therefore, equilibrium production and pollution

exceed the socially optimal levels but fall short of the free market, non-intervention

levels;

(ii) Under a subsidy regime, 0 
 e < s and, therefore, equilibrium production and

pollution fall short of both the free market, non-intervention levels and the social

optimum.

Proof. In a political equilibrium, under a tax regime, satisfaction of the participation

constraint implies

ptqt � cðqtÞ � tqt � r > ptq̂ � cðq̂tÞ � eq̂t; (10)

where q̂t ¼ c0�1ðpt � eÞ and the right hand side of (10) is the threat-point of the political

game. Note that q̂ maximizes profits when the market price is pt and the tax is e and, also, at

the threat-point the reward r ¼ 0. By (10), the perceived net profit at the threat-point should

not exceed profits at the political equilibrium.4 The calculation, at the threat-point, of

profits for the price prevailing when the instrument t is implemented, is a reflection of the

myopic outlook of the producers who do not comprehend fully the market equilibrium

that will prevail if their threat ever materializes.5From q̂t being profit maximizing, it

follows that

ptqt � cðqtÞ � eqt < ptq̂t � cðq̂tÞ � eq̂t: (11)

4 Formally, (10) could be written as a weak inequality; however, if equality prevails, the participation

constraint is barely satisfied but producers still have to invest in lobbying activity. In most cases, they will prefer

the threat point, t ¼ e and r ¼ 0. We therefore wrote (10) as a strict inequality.
5 Note that if the producers do comprehend the equilibrium condition, then they understand that the realization

of the treat-point (t ¼ e) will raise prices above pt . However, the inequality in (10) will remain valid.
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Combining Eqs. (10) and (11) we find ðe � tÞqt � r > 0 and, as r � 0; and t � 0, 0 
 t < e,

as proposed. With t between 0 and e, Qw < Qt 
 Qpr.Similarly for subsidies, the

participation condition is

psqs � cðqsÞ þ sð�q � qsÞ � r > psq̂s � cðq̂sÞ þ eð�q � qsÞ; (12)

here q̂s ¼ c0�1ðps � eÞ. Now, replacing the right hand side of (12) by psqs � cðqsÞþ
eð�q � qsÞ it is seen that ðs � eÞð�q � qsÞ � r > 0: Since ð�q � qsÞ � 0; it follows that

s > e � 0; as proposed.

By Proposition 1, under a tax control, the political equilibrium is a compromise, with

production between free market and the socially desired level. A subsidy regime, on the

other hand, induces too little production and ‘‘too little’’ pollution. The intuitive explana-

tion is simple. Under taxes, the political pressure is to reduce the tax; while with subsidies,

it is to increase the subsidy, up to and above the social optimum. (Political pressure may

eliminate a tax altogether or even turn it into a subsidy. We are not considering these

possibilities here.)

A Pigovian tax, being a compromise, even if modified by interest groups, is welfare

enhancing. Not always so under a subsidy; with political pressure, a subsidy—being too

high—may reduce welfare relative to non-intervention equilibrium. The situation is even

more ambiguous, since both taxes and subsidies are not optimal and they operate in

opposite directions, welfare loss under a subsidy regime may be smaller than under a tax.

5. The long-run

In the long-run, the number of firms in the industry, N, as well as the tax or the subsidy,

are endogenously determined, affecting both pollution and intra-firm production effi-

ciency. As indicated in the Section 1 of the paper, it has already been established that, in the

long-run, pollution reducing subsidies cannot improve welfare. For completion, we repeat

this finding and then show what equilibrium is reached if the government—despite the

theoretical admonitions—opts for subsidies and the regulated industry is politically

powerful.

5.1. Welfare maximization in the long-run

Optimal, welfare maximizing, industrial output and number of firms are

ðQw;NwÞ ¼ arg max
Q;N�0

½VðQ;NÞ�; (13)

maintaining the first-order conditions:

pðNqÞ ¼ c0ðqÞ þ e; (14)

cðqÞ
q

¼ c0ðqÞ: (15)

Eq. (15) is the familiar long-run condition of minimum average cost. The competitive

non-intervention equilibrium is characterized by (15) and p(Q) ¼ c0(q), which leads to
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over-production of the polluting good. The government may then levy a tax or offer a

subsidy. The conditions of the ensuing long-run equilibrium at the firm level are now

presented in pairs, for taxes and subsidies,

p ¼ c0ðqtÞ þ t p ¼ c0ðqsÞ þ s; (16)

p ¼ cðqtÞ
qt

þ t p ¼ cðqsÞ � s�q

qs
þ s; (17)

from which we get

cðqtÞ
qt

¼ c0ðqtÞ cðqsÞ � s�q

qs
¼ c0ðqsÞ: (18)

A comparative static analysis of the effect of a tax and a subsidy on output and the number

of firms is detailed in the Appendix A. It yields the following signed derivatives

dq

dt
¼ 0;

dq

ds
< 0; (19)

dN

dt
< 0;

dN

ds
> 0; (20)

and

dQ

dt
< 0;

dQ

ds
> 0: (21)

As Eqs. (19)–(21) exhibit, with subsidies and in the long-run, firm production is less than

non-intervention output, the number of firms is greater and total production of the industry

also increases. Thus, efficiency is impaired and pollution increases. A rational government

will not choose subsidy as a pollution-regulating instrument (an optimum subsidy cannot

be found mathematically). Under a tax regime, as the signs indicate, intervention does not

impair intra-firm efficiency and it reduces total output and pollution.

Fig. 1 depicts average and marginal cost. AC and MC are for a free market situation. ACe

and MCe in the tax panel are the graphs of the cost functions when a tax t ¼ e is imposed.

Production stays at q0 (min AC). Parallel graphs are not shown in the subsidy panel since,

as indicated, equating s ¼ e does not set an optimum subsidy for the long-run. The graphs

MCt and MCs and the corresponding average cost curves represent political equilibrium

and are introduced in the following.

We show now that under a tax regime, the optimal policy is, as in the short-run, to set

t ¼ e. Maximizing (13), the first-order condition can be written as

VQ
@Q

@t
þ VN

@N

@t
¼ 0: (22)

Inserting the comparative static derivatives from the Appendix A and recalling (15), one

gets

VQ

1

p0þVN

1

qp0 ¼
1

p0 pðQÞ�c0
Q

N

� �
�e � 1

q
c

Q

N

� �
þ qc0

Q

N

� �� �� �
¼ 0) p¼ c0 þ e:

(23)

That is, t ¼ e maximizes welfare. We turn now to the political equilibria.
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5.2. Asymmetry of political equilibria in the long-run

Proposition 2 characterizes the long-run political equilibrium for both a tax and a

subsidy regime. Before presenting the proposition, we introduce the notations:

Qw ¼ N arg min
q

cðqÞ þ eq

q

� �
; (24)

q0 ¼ arg min
cðqÞ

q

� �
q

: (25)

to mark the socially optimal and efficient, long-run output of the regulated industry and the

firms in the industry.

Proposition 2. Consider the regulation of a polluting and politically powerful industry.

The political long-run equilibrium is characterized by:

(i) Under a tax regime, production and pollution form a compromise between the

corresponding socially optimal and the free market, non-intervention level; that is,

Qw < Qt < Qpr:
(ii) Under a subsidy regime, production and pollution exceed the free market, non-

intervention level; namely, Qs > Qpr > Qw:
(iii) Except for the special case of proportional contributions (r ¼ rq), under both

regimes, cost of production is not minimized. With taxes, qt > q0, under a subsidy

regime, qs < q0:

Fig. 1. Long-run equilibrium.
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(iv) When r ¼ rq, then under a tax regime, q is optimal, qt ¼ q0:
(v) Under a tax (subsidy) regime, the per-unit tax (subsidy) is smaller (larger) than the

per-unit pollution coefficient, t < e ðs > eÞ:

Proof. To prove that Qt < Qpr; we show that pt > ppr: From the long-run and zero profit

condition, we have

pt ¼ min
q

cðqÞ þ r þ tq

q
(26)

and

ppr ¼ min
q

cðqÞ
q

(27)

Recall now that at the threat-point t ¼ e and r ¼ 0, in a political equilibrium, t < e, r > 0 (the

last inequality may be termed the participation constraint of the politicians). In both cases r

þ tq > 0, yielding pt > ppr; as required.

To prove that Qt > Qw, we show that pt < pw ¼ pðQwÞ: Write

pw ¼ min
q

cðqÞ þ eq

q
¼ cðqwÞ þ eqw

qw
; (28)

where qw minimizes ðcðqÞ þ eÞ=q. Turn now to the participation constraint. By (26), the

left-hand-side of (10) is zero and, therefore, the right-hand-side is negative. So also, if q̂ is

replaced by qw; ptqw � cðqwÞ � eqw < 0: Rewriting,

pt <
cðqwÞ þ eqw

qw
¼ pw: (29)

This completes the proof of (i).

To prove (ii), we show that ps < ppr. Write

ps ¼ min
q

cðqÞ � sð�q � qÞ þ r

q

� �

 min

q

cðqÞ
q

� �
þ min

q

r � sð�q � qÞ
q

� �

¼ ppr þ min
q

r � sð�q � qÞ
q

� �
: (30)

It was shown following (12) thatsð�q � qsÞ � r > eð�q � qsÞ > 0: Hence

min
q

r � sð�q � qÞ
q

� �
< 0: (31)

Substituting into (30), the proof of (ii) is completed.

To prove (iii) for a tax regime where r is not proportional to output, note in Fig. 1, the

marginal cost that the firm faces, MCt, is higher than MC; that is for every q,

MCt ¼ MC þ t: The difference in average cost is larger, ACt ¼ AC þ t þ r=q: Conse-

quently, production is to the right of min AC.

Under a subsidy, MCs ¼ MC � s; MCs is lower than MC. For average cost, ACs ¼ ACþ
½r � sð�q � qÞ�=q ¼ AC � s þ ðr � s�qÞ=q: We have already seen that r � sð�q � qÞ� < 0:
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Hence ACs is also lower that AC, but the difference is larger than for marginal cost.

Production, in Fig. 1, is to the left of min AC.For (iv), note that if r ¼ rq, in Fig. 1,

ACt ¼ AC þ t þ r and also MCt ¼ MC þ t þ r: Hence average and marginal cost rise

equally and qt ¼ q0:
Finally, (v) was proved to hold for the short-run and similarly, it can be shown to hold for

the long-run.

Several aspects of the proposition deserve attention. First, in the presence of political

pressure, government intervention, in an economy with external effects, may reduce

welfare. This is true both for a tax and a subsidy regime. Second, unlike intervention in a

non-political world, production under a tax regime is inefficient, taxes may reduce welfare,

and may even be dominated by a subsidy control. Third, as in a non-political world, in the

long-run, a subsidy regime always increases pollution and production costs and reduces

welfare in comparison with free market equilibrium.

6. Concluding remarks

It was shown in the paper that political pressure affects the efficiency of regulation

and production, both in the short-run and the long-run. Considering the reality of

political influence, the only surviving conclusions of the normative, politically free

analysis is that taxes improve welfare in the short-run and subsidies reduce it in the long-

run. Neither control assures socially optimal production and pollution when producers

are politically active and politicians are willingly influenced. Moreover, the alternative

controls, taxes or subsidies, can only be ranked if specific behavioral functions and

magnitudes are known. Relying on the elementary assumption, that the participation

constraint is satisfied in the political equilibrium, we could complete the qualitative

analysis and show the directions by which political pressure modifies welfare enhancing

policies. Nevertheless, weak assumptions limit the scope of the analysis. As an example,

the analysis in the paper could not determine the magnitude of the political contributions

in equilibrium, not even the relative magnitude of the contributions associated with

taxes compared with the rewards agreed upon under subsidies. More detailed and

explicit formulation is required to answer such questions. Similarly, a complete analysis

of the effect of the sometime suggested policy that taxes be imposed only on incremental

production, on output above a certain preset threshold, could not be conducted with the

structural assumptions in this paper. These shortcomings are the costs of simplicity,

generality and robustness.

Appendix A. Comparative statics

Rewrite (16) and (17)

pðNqtÞ � c0ðqtÞ ¼ t pðNqsÞ � c0ðqsÞ ¼ s (A.1)

pðNqtÞ � cðqtÞ
qt

¼ t pðNqsÞ � cðqsÞ
qs

¼ s 1 � �q

qs

� �
: (A.2)
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In the analysis, the variables q, N and Q are taken as endogenous while t and s are

considered exogenous parameter. For the tax and subsidy cases, and t ¼ s ¼ 0, where

Eq. (15) holds:

Np0 � c00 qp0

Np0 qp0

� � dq

dt
dN

dt

2
64

3
75 ¼ 1

1

� �
(A.3)

Np0 � c00 qp0

Np0 qp0

� � dq

ds
dN

ds

2
64

3
75 ¼

1

1 � �q

qs

" #
(A.4)

Employing Cramer’s rule, condition (A.3) and (A.4) yield:

dq

dt
¼ 0;

dq

ds
¼ � �q

qc00
< 0; (A.5)

dN

dt
¼ 1

qp0 < 0;
dN

ds
¼ 1

q2

N�q

c00
� �q � q

p0

� �
> 0; (A.6)

and

dQ

dt
¼ 1

p0 < 0;
dQ

ds
¼ q � �q

qp0 > 0: (A.7)

References

Cropper, M. L., & Oates, W. E. (1992). Environmental economics: a survey. Journal of Economic Literature, 30,

675–740.

Finkelshtain, I., & Kislev, Y. (1997). Political lobbying and asymmetry of Pigovian taxes and subsidies.

(Working Paper 9703). Rehovot, Israel: The Center for Agricultural Economic Research.

Fisher, A. C. (1981). Resource and environmental economics. Cambridge: Cambridge University Press.

Fredrikson, P. G. (1997). The political economy of pollution taxes in a small open economy. Journal of

Environmental Economics and Management, 33, 44–58.

Grossman, G. M., & Helpman, E. (1994). Protection for sale. The American Economic Review, 84, 833–850.

Hillman, A. L. (1989). The political economy of protection. Switzerland: Harwood.

Johnson, D. G. (1991). World agriculture in disarray (2nd ed.). Macmillan.

Just, R. E., & Zilberman, D. (1979). Asymmetry of taxes and subsidies in regulating stochastic mishaps.

Quarterly Journal of economics, 93, 139–148.

Kamien, M. I., Schwartz, N. L., & Dolbear, F. T. (1966). Asymmetry between bribes and charges. Water

Resources Research, 2, 147–157.

Kohn, R. E. (1985). A general equilibrium analysis of the optimal number of firms in a polluting industry.

Canadian Journal of Economics, 18, 347–354.

Nash, J. (1950). The bargaining problem. Econometrica, 18, 155–162.

Peltzman, S. (1976). Toward a more general theory of regulation. Journal of Law and Economics, 19, 211–240.

Polinsky, M. A. (1979). Note on the symmetry of taxes and subsidies in pollution control. Canadian Journal of

Economics, 12, 75–83.

Zusman, P. (1976). The incorporation and measurement of social power in economic models. International

Economic Review, 17, 477–562.

492 I. Finkelshtain, Y. Kislev / Journal of Asian Economics 15 (2004) 481–492



0 

 

 

 

A Two-Pronged Control of Natural Resources: 

Prices and Quantities with Lobbying 

 

by 

Iddo Kan 

Department of Agricultural Economics and Management, The Hebrew University of 
Jerusalem; Israel; kan@agri.huji.ac.il (corresponding author); 

Israel Finkelshtain 

Department of Agricultural Economics and Management, The Hebrew University of 
Jerusalem, finkelsh@agri.huji.ac.il; 

Yoav Kislev 

Department of Agricultural Economics and Management, The Hebrew University of 
Jerusalem, kislev@agri.huji.ac.il. 

 

 

September  2011 



1 

 

A Two-Pronged Control of Natural Resources: 

Prices and Quantities with Lobbying 

 

ABSTRACT 

This study offers a political-economic model of an 

industry regulated by an integrated system of both 

direct and market-based policies. The model is 

incorporated into a normative theoretical analysis and 

serves as a basis for structural econometric 

estimations. Exploiting disaggregated data on 

agriculture and irrigation in Israel in the mid-1980s, 

when water was regulated by both quotas and prices, 

the model’s political and technological parameters are 

structurally estimated and used to assess the relative 

efficiencies of quotas, prices, and an integrated 

regulation regime. 

 

I. Introduction 

Recent decades have seen population and income growth and alongside them, over-

utilization of natural resources and aggravated environmental problems in many parts 

of the world. These developments — often augmented by awareness of the need to 

cover costs — are increasingly leading policymakers to reinforce the traditional 

arsenal of quantity instruments with market-based policies such as user and polluter 

charges (OECD 2010). As a result, the prevailing regulations in many countries are 

mixtures of direct and market-based instruments. Examples include the 1990 Clean 

Air Act in the U.S. that involves polluting standards and charges (EPA 2001) and the 

regulation of environmental externalities in many countries by means of both quotas 

and user taxes (EPA 2004). An additional important case is irrigation water—70% of 

freshwater used around the world—that in many locales is managed by a combination 

of charges and quotas; examples can be found in Australia, California, China, Iran, 

Israel, Peru, and Spain (Molle 2009). 
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Government intervention, whatever its nature, most often encounters political 

lobbying and pressure and, beginning with the seminal work of Buchanan and Tullock 

(1975) on taxes and quotas, there has been a long succession of studies of 

environmental and resource regulation under political lobbying. More recently, 

Fredriksson (1997) compared taxes with subsidies in pollution control; Finkelshtain 

and Kislev (1997) examined the relative robustness to political influence of quantity 

versus price regulations; Finkelshtain and Kislev (2004) analyzed alternative subsidy 

and tax regimes facing politically powerful interest groups; Yu (2005) studied 

environmental protection and direct and indirect political influence; and Roelfsema 

(2007) investigated strategic delegation of environmental policymaking. However, to 

the best of our knowledge, political equilibrium under a mixed policy regime of direct 

and indirect controls is an as-yet unexplored topic. This is the subject of the present 

study, wherein we offer a political-economic model of an industry regulated by an 

integrated system of both direct and market-based policies. 

Political influence has also been studied empirically. A noticeable earlier effort 

was the pioneering work of Zusman and Amiad (1977) who analyzed agricultural 

support policies. More recent estimates of structural political parameters have been 

based on application of the Protection for Sale theory of Grossman and Helpman 

(1994) to trade policies. A common feature of the estimations in the trade context was 

that policymakers were found valuing social welfare highly relative to political 

contributions. This finding is puzzling, particularly in light of reports on extensive 

investments in lobbying. Many extensions of the model were suggested in attempts to 

reconcile the apparent contradiction of broad support for lobbying and political 

contributions on the one hand, and irresponsive governments on the other. However, 

as Gawande and Magee (2010) demonstrated, despite these efforts, the puzzle has not 

been solved. 

In their own attempt to solve the puzzle, Gawande and Magee distinguish between 

cooperative lobbying, wherein all firms take part in the political activity; and non-

cooperative lobbying, wherein some firms lobby and contribute politically while 

others are free-riders. Inter-industrial differences in protection may be explained by 

variations in the level of free-riding. In this paper, we study water regulation in Israel 

and show that free-riding in lobbying may play an important role in explaining the 

differences in effectiveness of firms’ specific controls (quotas) in contrast to uniform 
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regulation (economy-wide tax or price). Accounting for these differences, we found 

that policymakers in Israel valued highly the interests of the agricultural lobby. 

When an industry is regulated by a system of two integrated controls, the 

intensities of lobbying associated with any of the economic instruments are mutually 

interdependent. For instance, lobbying for higher quotas will not be observed where 

both taxes and quotas are comparatively high and the quotas are not effectively 

constraining. In another situation, with a combination of a low tax and small quotas, 

the tax will be irrelevant. Borrowing from the terminology of information economics, 

we term these specific cases, respectively, pooling price and pooling quota 

equilibrium. When both controls are effective, a separating equilibrium emerges 

wherein the population is divided into two interest groups, each bounded by a 

different instrument and acting accordingly in the political arena. In the proposed 

terminology, the situation in Israeli agriculture forms a separating equilibrium.  

The political process we are studying is embedded in a predetermined 

“constitution,” wherein the control regime may be quotas, a price, or an integrated 

regime. By its choice of the control regime, and the initial quotas, the government 

determines which type of equilibrium will emerge in the economy. Thus, an 

interesting policy question is: Which of the above equilibria is more efficient? This 

question is examined empirically in the paper via simulations of the various 

equilibria, based on estimated technological and political parameters. An important 

finding of the paper, at least for the conditions prevailing in Israel, is that pooling 

price equilibrium, inducing more free-riding than the alternative regimes, is welfare 

dominating. 

The next section of the paper presents a political-economic model of a mixed 

regime in a sector with heterogeneous producers. We then develop the necessary 

conditions for the existence of the three cases: pooling price, pooling quota, and 

separating equilibrium. These conditions are employed in Section III to construct a 

structural empirical model used to estimate the technological and political parameters 

of the model. Section IV presents simulations of alternative equilibria, and Section V 

is a concluding comment. 
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II. Theory 

Consider an agricultural sector in a small, open economy. Water suppliers allocate 

water to farmers using both prices and quotas as dictated by a government regulator. 

The quotas are individual and non-transferable.1 Technologies and markets are ever 

changing; the regulation instruments are therefore examined periodically and 

modified as needed. This modification and the resetting of prices and the quotas is the 

subject of the political process modeled below. 

Farming conditions are heterogeneous and farmers vary in their abilities. Let γ, 

with the distribution function ( )z γ , represent the farming unit’s technological level, 

and for convenience, treat this variable as continuous. The profit per farm is given by 

( ),w pwπ γ − , where w is the farm’s water use and p is an administratively 

determined agricultural water price. The function ( ),wπ γ  subsumes the prices of all 

variable outputs and inputs, excluding p, and is assumed continuous, increasing, twice 

differentiable, and strictly concave in w. The derivative of ( ),wπ γ  with respect to 

water consumption, ( ),w wπ γ , is the water’s value of marginal product (VMP), which 

we assume is increasing in γ. The inverse of this function, ( ) ( )1, ,wD p pγ π γ−= , is the 

farm‘s water demand. The slope of the demand function is 1/p wwD π= . In the section 

on comparative statics, it will be assumed that 0pD γ = . 

The allocation of water quotas, q, to the farms (all of them) is represented by the 

distribution function ( )qk . The farm’s water consumption is then given by 

( ) ( )( ), min , ,w p D p qγ γ= . The price p and the distribution of quotas ( )k q  are the 

instruments used by the government to control water consumption in agriculture. 

These controls are set through a political process wherein politicians may bend 

policies in favor of interest groups who, in return, provide political rewards. We omit 

the explicit formulation of the political game and instead rely on Peltzman (1976), 

Zusman (1976), Hillman (1982), Grossman and Helpman (1994), Damania, 

Fredriksson, and List (2003), and others who have shown that policies constituting 

                                                 
1 The quotas are here a regulation instrument; there are no private property rights in 

the utilization of water.  
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equilibrium in a political system with rewards can be viewed as maximizing the 

following governmental objective function. 

 ( )( ) ( )( ), ,G S p k q U p k qβ= +  (1) 

In (1), ( )( ),S p k q  and ( )( ),U p k q  are social welfare and the organized interest 

groups’ profits respectively, and , 0β β≤  is the extra weight attached by the 

politicians to the welfare of politically organized groups [in the political models, 

suggested by Zusman (1976) and Grossman and Helpman (1994), β  is the weight 

attached to political rewards]. In our context, β  may also reflect weight attached by 

decision-makers to social objectives such as food security, viability of family farms, 

and the development of rural areas. 

Consistently with the practice in Israel, we visualize prices as modified and set 

before the rainy season, while the quotas are announced only after the winter rains 

have been observed. We are therefore considering a two-stage political game, wherein 

quotas are set subsequent to price determination. Political activities differ as per the 

stage of the game. Lowering the price is in the entire farming sector’s interest, and 

hence is in the nature of a public good. Partial participation in the political struggle for 

price cuts can therefore be expected. In contrast, since quotas are farm-specific assets, 

free-riding in lobbying for higher quotas is less probable; however, only farmers 

whose quotas are binding can be expected to negotiate quota raises. The separation 

into the two interest groups — the entire sector, and the operators constrained by the 

quotas — yields the political separating equilibrium. 

Given the price of water, whether a farm is constrained by the quota depends both 

on its technological level and the size of its specific water allotment. We wish to order 

the farms and consequently divide them into two groups so that water use in one 

group is dictated by the price, while those in the second group utilize their allotments 

fully. Formally, let 0q denote the farm’s historical, pre-modification quota (the unit 

index is omitted) and ( )0 0k q , the associated continuous distribution function with the 

support ,l hq q⎡ ⎤⎣ ⎦ . Define ( )0,w qν π γ≡ , ,l hν ν ν⎡ ⎤∈ ⎣ ⎦ , as the VMP of water measured 

at the historical quota. The joint distribution of ( )z γ  and ( )0 0k q  induces the 
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continuous distribution function ( )f ν  on the support ,l hν ν⎡ ⎤⎣ ⎦ . Given p and ( )f ν , 

the water consumption of the farms with pl ≤≤νν  is dictated by the price, while 

those with hp νν ≤<  consume water quantities equal to their quotas. In other words, 

for the historical regulation parameters, 

 ( )
( ) ( )

( ) (

1, , , ,
,

, ,

l
w

h

D p p p
w p

q p

ν π ν ν ν
ν

ν ν ν

−⎧ ⎡ ⎤= ∈ ⎣ ⎦⎪= ⎨
⎤∈⎪ ⎦⎩

 

where ( )νq  is the quota associated with ν . The controls are examined and modified 

annually. Our interest is in the emerging political equilibrium price *p  and quota 

allocation rule ( )ν*q . The economic value of a quota is a decreasing function of the 

price paid for water; hence, the higher the price, the less intense the political struggle 

for quotas (this assertion is proven formally in subsection II.C). The politicians may 

take this effect into account when setting the price in the first stage of the political 

game (this conjecture is tested in the empirical sections). Accordingly, the game is 

solved recursively, starting with the second stage. 

 

A. The Second Stage: Allocating Quotas 

Using the above notations and definitions, total water consumption in the economy is 

given by: 

 ( )( ) ( ) ( ) ( ) ( ) ( ) ( ), , ,

h h

l l

p

p

W p f w p f d D p f d q f d
ν ν

ν ν

ν ν ν ν ν ν ν ν ν ν= = +∫ ∫ ∫  (2) 

Given *p  and ( )f ν , quotas are reallocated to farmers whose quotas are binding, i.e., 

having ( *, hpν ν ⎤∈ ⎦ . Denoting by c the constant per-unit water supply cost, and 

recalling (1), the equilibrium quota allocation is solved as an optimal control problem 

with the objective 

 ( )
( )( ) ( )( )( ) ( ) ( ) ( )

( ) ( )
*

*max , 1 , ( )

. .  

hv

q
p

G q q p q f v d cW p f

s t W q f

ν
ν π ν ν β β ν ν ν

ν ν

⎡ ⎤= + − −⎣ ⎦

=

∫  (3) 
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The solution of (3) yields the equilibrium rule with respect to ( )νq : 

 ( )( ) ( *

*
*

,
,

1
h

h
w wp

c p q
ν ν

β π ν ν π
β ⎤∈ ⎦

+
= ≡

+
 (4) 

Or, writing explicitly, the inversion of (4) yields 

 ( ) ( ( )*

* 1 *

,
, , , ,h wp

q p p c
ν ν

ν π β ν−
⎤∈ ⎦

=  (4’) 

Eq. (4’) will be used in the empirical analysis below. As 0h
wπ >  in Eq. (4) is a 

constant with respect to ν, the political process yields efficient intra-group water use 

equating the VMPs of all farms with ( *, hpν ν ⎤∈ ⎦ . However, it will be shown below 

that as long as 0>β , *h
wc pπ> > ; this inequality implies a  welfare loss. Finally, 

we note that in the special case of * 0p = , Eq. (4) becomes 

 ( )( )* , ,
1

l h
w

c qπ ν ν ν ν ν
β

⎡ ⎤= ∀ ∈ ⎣ ⎦+
, (4’’) 

characterizing a pooling quota equilibrium. 

Note that the lower bound of the integral in (3) is the equilibrium price reached in 

the first stage of the political game. Farmers with ( )( )0 *,w q pπ ν ν >  are bound by 

their historical quotas (they belong to the group ( *, hpν ν ⎤∈ ⎦ ) and they all participate 

in lobbying activity in the second stage. Since, as shown above, *h
w pπ > , they will all 

belong to the same group in the equilibrium reached after the second stage. 

 

B. The First Stage: Setting the Price 

Again rewriting (1), the equilibrium price p* is the solution to the following problem: 

 

( ) ( )( ) ( ) ( )( )

( )( ) ( ) ( )

max  , , ,

                     + , , ,

h

l

h

l

p
G p w p f d cW p f

w p pw p f d

ν

ν

ν

ν

π ν ν ν ν ν

βθ π ν ν ν ν ν

= −

⎡ ⎤−⎣ ⎦

∫

∫
 (5) 

In (5), 0 1θ≤ ≤  represents the portion of the farming population supporting the lobby 

in its struggle for price reduction. The necessary condition for the maximum in (5) is: 
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 ( )( ) ( ) ( )( ) ( )( ) ( ), , ,

h h

l l
w p w pp c w f d W p f p p w f d

ν ν

ν ν

π ν ν ν βθ ν π ν ν ν
⎡ ⎤

− = − −⎢ ⎥
⎢ ⎥⎣ ⎦

∫ ∫  (6) 

where 
( ),

 ,l
p

D p
w p

p
ν

ν ν
∂

⎡ ⎤= ∀ ∈ ⎣ ⎦∂
 and 

( ) (
*

, h
p

q
w p

p
ν

ν ν
∂

⎤= ∀ ∈ ⎦∂
.  

The left-hand side of (6) is the price change’s marginal effect on social welfare. It 

is the sum, over all farms, of the per-unit deadweight loss. On the right-hand side, the 

terms in the square brackets are the price change’s marginal effect on farmers’ 

welfare. In equilibrium, the former equals βθ  times the latter. Since ( ),w p v pπ ≥  

and 0 ,l h
pw ν ν ν⎡ ⎤< ∀ ∈ ⎣ ⎦ , the right-hand side of (6) is positive, and it follows that 

( ) ( ) ( )( ) ( ), 0    

h h

l l
p w pp c w f d p c w f d c p

ν ν

ν ν

ν ν π ν ν ν− > − > ⇒ >∫ ∫ . 

That is, the equilibrium price is lower than marginal cost. Moreover, substituting 

c p>  in (4), it follows that *h
wc pπ> > . Hence (a) water’s VMP is below marginal 

cost; welfare loss is indicated for both groups of farms; and (b) water is allocated 

inefficiently between the group with binding quotas and the other farms. In analogy to 

the quota case, Eq. (6) with p binding for all farmers characterizes a pooling price 

equilibrium. In this case, Eq. (6) is rewritten as: 

 ( )( ) ( ) ( )* ,
,

h

l

D p
p c W p f f d

p

ν

ν

ν
βθ ν ν ν

∂
= +

∂∫  (6’) 

Note that the pooling equilibria, Eqs. (4’’) and (6’), may emerge, either if the 

“constitution” dictates a single-control regime, or in the case of a mixed regime with 

no solution, *l hpν ν< < , to Eq. (6). 

 

C. Comparative Statics 

The regulation instruments’ sequential setting implies that the comparative statics 

exercises should also be performed in two stages. The effect of an exogenous change 

on the price is analyzed in the first stage. The direct effect of the exogenous change 

and the indirect effect (through the price) on the quotas are examined in the second 

stage. Table 1 summarizes the results; the proofs are presented in Appendix A. 



9 

 

The effects on the price of marginal shifts in political parameters β and θ and of 

the supply cost c can be recognized intuitively; i.e., the larger the power or 

representation of the farming sector in the political arena, the lower the price, whereas 

higher supply costs increase the price. The impacts on the quotas are also expected; 

i.e., allotments increase with β and θ  and shrink with c. Note that θ, the parameter 

measuring participation in the political struggle, has no direct effect on the quotas; its  

indirect impact is lowering the price and thereby increasing the quotas.  

Technological improvements and alternative schemes of quotas’ historical 

allocations are modeled as variations in the distribution functions ( )z γ  and ( )0 0k q , 

both of which affect the ( )f ν  distribution. In particular, technological improvement 

or a rise in the agricultural terms of trade are modeled as a first-order stochastic 

dominant (FSD) shift of ( )0| qz γ , the conditional distribution of γ, given q0. Recalling 

our assumption that the demand function’s slope is invariant to changes in γ, such a 

change leads to a price reduction and indirectly increases the quotas and total water 

usage and hence enlarges the deadweight losses (the last effect is not reported 

explicitly in the table). Intuitively, for a given p, technological improvement (or an 

improvement in terms of trade) increases the number of farmers with binding quotas 

(Nh) and shifts the entire farmers' population towards larger water consumption.  

These effects lead to an increase in the farmers' marginal gain from a price decrease, 

the right-hand side of Eq. (6), and hence augments the pressure on the price.  

Moreover, the increase in Nh reduces the social gain from price increase. This follows 

from two reasons. First, for the farmers with binding quotas, water consumption is 

less responsive to a price hike. Secondly, the per cubic meter dead weight losses of 

the "high" v group is smaller than that of "low" v group farmers. This means that 

technological improvement makes it "cheaper" for the politicians to discount the 

water price. Therefore, the equilibrium is restored at a lower price, higher quotas, and 

higher level of the marginal deadweight loss; i.e., the left-hand side of Eq. (6). 

Ceteris paribus, an economy with higher initial quotas will have a higher 

equilibrium price, and paradoxically, smaller quotas and less water use. The 

explanation is that when historical quotas are comparatively high, more farmers who 

would otherwise be in the “high” v group find themselves in the “low” range. This 

means an increase in the share of the water controlled by the price and more farmers 
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with larger per-unit dead weight loss, which increases government resistance to 

pressure on the price. While the change has no direct effect on the equilibrium quotas, 

the indirect effect through the price reduces quotas’ allocation, aggregate water use 

and the deadweight losses. 

In Section IV, the above comparative statics effects are quantified for the Israeli 

case in simulations based on the estimated parameters. In addition, the comparative 

statics results suggest several testable implications of the model, such as an increase 

in the administrative water price in periods of declining terms of trade. Below, we 

indicate that the Israeli data are consistent with this prediction of the model. 

 

III. Empirical Analysis 

All water sources in Israel are publicly owned, and their use is regulated by the state. 

In the period covered by our analysis, the regulator was the Water Commissioner, but 

other government agencies and politicians were deeply involved in the decisions on 

prices and quantity allocation (Zusman 1997; Mizrahi 2004; Kislev 2006; and 

Margoninsky 2006). Our data set covers prices and quotas for cooperative and 

communal villages (moshavim and kibbutzim respectively) that received their water 

from the national company, Mekorot, the provider of most of the water in the country. 

The village, not the individual farmer, is the consuming unit in the sample, receiving 

water up to its specific quota and paying for the quantity used.  

The data in the study cover the period 1985-88, when prices were linear and 

region-specific (today farmers pay increasing block rate prices, and the same tariff 

structure applies nationwide). The prices’ variation across regions and over time 

allows econometric estimates. Strictly speaking, this means that lobbying is conducted 

in each region separately; however, since regional prices were correlated, political 

activity at the nationwide level was also observed. During the study period, the 

agricultural sector utilized less water than allowed by the aggregate quota; while some 

farmers were constrained by their quantitative allocations, others did not fully use the 

water they were allotted (a separating equilibrium, in the proposed terminology). The 

empirical analysis is conducted at two levels: The parameters of demand function and 

the quota allocation rules, including the magnitude β , are estimated at the village 
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level, while price setting is estimated at the regional level. Obtaining the size of the 

parameter θ  is based on these estimations’ output. 

 

A. The Demand Function and the Quota-Allocation Rule 

The challenge of the econometric analysis is to “explain” two observed magnitudes: 

per-village water use, and its quota. Recall that (a) water use is determined either by 

price or by quota; and (b) quotas are endogenously set in the political process. 

Consequently, our task is to estimate two structural equations: water demand, and the 

quota-setting function. 

For convenience, write water‘s VMP for village i and year t as the linear function  

  w it it itwπ ω ψ= +  (7) 

In (7), itw  and itω  are respectively, the village-year-specific water consumption and 

the function‘s intercept, and ψ is its slope, assumed identical for all i and t. The 

derived water demand function is ( ) itititit ppD 1, δ+= μzz , where itp  is the price 

(villages in the same region may have identical prices), itz  is a vector of village-year-

specific variables, μ  is the vector of corresponding coefficients, and 1
1

−≡ψδ . Let itq  

be the village annual water quota. By substituting the linear VMP specification into 

Eq. (4’),  it itw it w q it itqπ ω ψ= = + , and rearranging, we get a linear political equilibrium 

quota allocation rule: ( ) itititit ppQ 2, δ+= ξxx , where itx  is a vector of village-year-

specific variables, ξ is the associated vector of coefficients, and ( )1
2 / 1δ ψ β β−≡ + . 

The political parameter β  is identifiable through ( ) 2 1/ 1β β δ δ+ = .  

Following Burtless and Hausman (1978) and Mofitt (1986), we add to the 

structural equations three random components. The first is heterogeneity across 

villages and along time, not explained by itp  and itz ; it is represented by the random 

variable itα , which stands for managerial skills and other factors not observed by the 

modeler, yet known to the farmers and therefore affecting their individual demand for 

water. Two additional sources of randomness are those associated with measurement 

errors and optimization mistakes that may emerge in both the farmer’s decision on 

water usage and the allocation of quotas by the government, which are represented 
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respectively by the terms itε  and itu . A linear additive formulation is adopted, with 

two interrelated equations of water demand and quota allocation: 

 
( ) ( )

( )⎩
⎨
⎧

>++
≤+++

=
  z                              

z          z

itititititit

itititititititit
it qpDq

qpDpD
w

αε
αεα

,if 

,if ,
 (8) 

 
( )

( ) ( )
1 1

1

 if ,

,  if ,

                            z

x                  z   
it it it it it it

it
it it it it it it it

q u D p q
q

Q p u D p q

α

α
− −

−

⎧ + + ≤⎪= ⎨
+ + >⎪⎩

 (9) 

By Eq. (8), wherever the quantity demanded at the given price is less than the 

quota, consumption equals the demand function ( ) itititpD α+z,  plus a stochastic 

error term. If water demand exceeds the quota, then the observed water consumption 

equals the quota itq plus the stochastic error term. The quota’s endogenous setting is 

formulated in Eq. (9): If the historical quota 1itq − exceeds demand, and is therefore 

unbinding, then, 1−= itit qq  plus an error term. An effective historical quota, on the 

other hand, would lead to bargaining and to a political equilibrium characterized by 

the equilibrium quota allocation rule ( )ititpQ x, . 

Our estimation strategy is based on maximization of the sample likelihood. Let 

( )θxz ,,,,,Pr 1 ititititititit qpqw −  be the probability of observing a pair of water 

consumption itw  and quota itq , where θ  is the set of parameters of the functions 

( )ititpD z,  and ( )ititpQ x,  and the joint density distribution functions of α, ε, and u. 

This probability encompasses all the combinations associated with the options in (8) 

and (9), as elaborated below. 

( )
( ) ( ) ( )
( ) ( ) ( )

( )

1

1 1

1

Pr , , , , ,

Pr , , min , , ,

Pr , , , , ,

Pr , ,

z x θ

  z z

z z x

z

it it it it it it it

it it it it it it it it it it it it it

it it it it it it it it it it it it it it

it it it it it it it i

w q p q

w D p q q D p u q q

w D p q D p q u q Q p

w q q D p q

α ε α

α ε α

ε α

−

− −

−

=

+ = − ≤ − = −⎡ ⎤⎣ ⎦
+ + = − < + ≤ = −⎡ ⎤⎣ ⎦
+ = − < + ≤

( ) ( ) ( )
1 1

1

,

Pr , max , , , ,z x
t it it it

it it it it it it it it it it it it

u q q

w q q q D p u q Q pε α
− −

−

= −⎡ ⎤⎣ ⎦
+ = − > − = −⎡ ⎤⎣ ⎦

 (10) 

The sample likelihood function is 

 ( )∏ ∏ −=
i t ititititititit qpqwL θxz ,,,,,Pr 1  (11) 
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Assuming that the random variables α, ε , and u are statistically independent and 

normally distributed, such that ( )2,0~ ασα N , ( )2,0~ εσε N , and ( )2,0~ uNu σ , the 

likelihood function in (11) is readily derivable in terms of the standard normal density 

(Appendix B). 

 

B. The Price Formation Equation 

The price formation parameters are estimated at the regional level. Let l
jtN  and h

jtN  

be the number of price and quotas’ effective observations, respectively, in region j in 

year t; Wjt stands for total water consumption in the same observation. With our linear 

specification for the demand function, Eq. (6) becomes: 

 

( )
2

1
1

ζc jt
jt jt jt

l h
jt jt

W
p

N N
ψβθ υ

βλ θ
β

= + +
⎛ ⎞

+ − ⎜ ⎟+⎝ ⎠

 (12) 

where jtc  is a vector of region-level supply cost-related variables, ζ  is the set of 

corresponding coefficients, and jtυ  is an error term. The parameter λ indicates the 

politicians’ “conjectural variation,” i.e., the degree by which ( )*q pν∂ ∂  is taken into 

account when determining the price. If 1λ = , then the politicians have complete 

comprehension of the mechanism by which p affects ( )*q ν  in Eq. (4), and this effect 

is perfectly accounted for when setting the price (Eq. (6)). At the other extreme 0λ = , 

and ( )*q pν∂ ∂ is ignored. 

Eq. (12) is highly nonlinear; and l
jtN , h

jtN , and Wjt may be endogenous. We 

therefore employed a nonlinear limited information maximum likelihood (LIML) 

procedure (Amemiya 1986, pp. 252-255) to estimate it, and found that the hypothesis 

of 0λ =  could not be rejected, implying that (12) is reduced to: 

 3 ,ζc l
jt jt jt jt jtp W Nδ υ= + +  (12’) 

where 3δ ψβθ≡ . Accordingly, and to improve the efficiency of the estimation 

procedure, in the sequel, we employ Eq. (12’) and a linear LIML procedure to 
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estimate the model parameters. In particular, we note that using Eqs. (7) and (12’), θ 

is identifiable through ( )3 1 1 2 2θ δ δ δ δ δ= − . 

 

C. Data and Variables 

The estimation is based on a panel of 1,051 observations of freshwater use in 

agriculture. The information covered prices and quotas for the years 1985-88, 

encompassing 303 villages located in 23 water-price regions. The observations in the 

panel were selected according to three criteria: (a) the villages included used only 

fresh water; they did not apply brackish or recycled water; (b) the included villages 

received their water from Mekorot only, whose prices were, and still are, set by the 

government; (c) villages with cultivated areas of less than 50ha or water quotas of less 

then 200,000 m3 / year were excluded from the sample. In the period of the study, 

water use in the sample villages accounted for 20% of agricultural freshwater 

consumption in the country.  

Table 2 provides descriptive statistics of the variables in the dataset and their 

sources. Water use, quota, price, and cost were explicitly incorporated into the 

theoretical formulation presented above. The other variables in the table are the 

components of the vectors itz  and itx  in Eqs. (8) and (9). Note that on average, water 

consumption was lower than village quota. In fact, the consumption of water was less 

than the quota in 56% of the observations (not in the table). As suggested earlier, this 

is an indication of a separating equilibrium. 

Delivery costs, in 1987 US dollars, were available by Enterprise, a part of 

Mekorot's network covering a delivery area, mostly to points of similar altitudes 

(Shaham 2007) and assigned to villages as per their water utilization. As indicated, 

prices in the study period (1985-88) were region specific. For the region-level 

analysis, village costs were aggregated to 23 regional averages. 

Capital and operating outlays form the fixed part of water supply’s cost; unlike 

energy, they do not vary with the quantity delivered. Capital costs were often 

neglected when prices were determined because a large portion of Mekorot's 

investment was covered by public budgets. Moreover, in 17 of the 23 regions, average 

price was lower even than energy cost, and in all regions it was lower than total cost. 
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Farmers did not face the full cost of the input they used; apparently they succeeded in 

lobbying for lower prices. 

The last two variables in Table 2 are at the nationwide, not village, level. 

Enrichment is the annual recharge of rainwater added to the reservoirs — the aquifers 

and the Sea of Galilee — and terms of trade is an index of the ratio of the price of 

agricultural products (field crops and orchards) to the price of farm inputs. 

 

D. Estimation Results 

We begin with the estimation of Eqs. (8) and (9). The goodness of fit is evaluated by 

comparing the predicted to the actual distribution of the variables, in our case water 

use and quotas. The scatter diagrams in Figure 1 present the predicted (expected) 

values versus the observed magnitudes for both consumption and quotas.2 The 

correlation between the predicted and observed series is 0.91 for quotas and 0.63 for 

water consumption, both indicating reasonable fit. We also compare the distributions 

of the actual and the predicted quantities. While the distribution of predicted 

consumption is less dispersed than the one corresponding to the actual quantities, all 

other moments are quite similar. In particular, note that the average water use and 

quota predicted by the model are 958 and 1,028 (1,000 m3), compared with the actual 

average use and quota of 940 and 1,033 respectively. 

The estimation results are summarized in Tables 3a for Eqs. (8) and (9) at the 

village level, and 3b for the setting of prices. In Eq. (8), based on the estimated values 

of σα and σε of the error terms in the demand function, 61% [383/(383+241)] of the 

unexplained variation in water consumption is associated with the heterogeneity 

among villages. As expected, the price coefficient (δ1) is negative and significant; the 

elasticity of demand will be discussed below. 

Only a few of the village-specific variables seem to significantly affect annual 

water demand, among them elevation, indicating cooler, hilly areas; and cultivatable 

land in the village, particularly areas of orchards. Water consumption is relatively 

                                                 
2 The expected values were calculated in the simulations presented in Section IV 

below. 



16 

 

higher in the drier south; cooperative villages use less water than communal entities; 

and improved terms of trade encourage intensification of water utilization. 

The estimated parameters of the quota allocation function, presented in the second 

column of Table 3a, are consistent with the theory. The price coefficient (δ2) is 

negative; i.e., higher prices reduce the intensity of the political activity. The two 

components of the delivery cost operate in opposite directions: On the one hand, 

higher energy cost, which indicates an increased marginal cost, increases the 

equilibrium VMP in Eq. (4), and hence adversely affects the allotted quotas in the 

political equilibrium. On the other hand, capital and operational costs serve as 

indicators of installed capacity and lower marginal cost, and therefore, villages 

connected to capital-intensive enterprises enjoy comparatively higher quotas. 

As indicated, the political determination of the quotas is a reallocation process, 

modifying historical distribution; hence the significant effect of 1tq − , which is 

introduced in the empirical estimation to control for quota-adjustment constraints and 

farm characteristics. The interpretation of most other parameters in the quota equation 

is straightforward; we comment only on April rainfall and annual recharge. While 

spring rainfall’s effect on demand is not significant, a good rain may reduce farmers’ 

pressure for higher quotas, hence the negative sign in the second column. 

As for natural enrichment, reservoirs enable smoothing of supply by carrying 

water from rainy to drier years. In light of this possibility, the withdrawal policy often 

recommended is to limit extraction to “safe yield,” a stable quantity that may 

constitute an essentially constant yearly supply. The disadvantage of this policy is that 

it allows some water to drain into the ocean (or in our case the Dead Sea). A positive 

effect of annual recharge on quota allocation, as shown in Table 3a, is an indication of 

political pressure to “make use of every drop of water” and extract yearly the entire 

recharged quantity. Such a policy increases the risk of shortages and severe crises in 

drought years, and may even damage the reservoirs. As Zusman and Amiad (1977) 

showed, the agricultural lobby in Israel and the politicians it influenced tended to be 

shortsighted. 

The ratio ( )1β β+  is estimated at 0.48, where the equality to both zero and one 

is rejected in the 5% confidence level. Again, Zusman and Amiad (1977) reported 
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( )1β β+  values of similar magnitudes, considerably higher than those obtained in 

studies of the influence of lobbying on trade policies (Gawande and Magee 2010). 

The price formation equation, estimated at the regional level, is reported in Table 

3b. There are 72 region-year observations and they were weighted by the number of 

villages in the region (weighting did not affect the estimates markedly). Based on the 

estimates, higher capital and operating costs increase equilibrium prices, whereas 

energy costs do not exhibit a significant impact. The 3δ  (=ψβθ ) coefficient is 

negative and statistically significant, thereby rejecting the hypothesis of no political 

pressure. 

The point estimation for the lobbying participation rate, θ, is 0.23, indicating 

considerable free-riding. Moreover, the latter conclusion is strengthened by noting 

that θ is significantly less than 1 (no free-riding). Finally, we could not rule out the 

possibility that 0θ = , indicating zero organization for price lobbying. 

 

IV. Simulations 

The parameters estimated in the previous section are employed here for simulations. 

The simulations are of expected village water use and quotas conditional on prices, 

village characteristics, and the estimated political and technological parameters. 

Expected values were calculated by numerical integration of the estimated bivariate 

likelihood function: 

 ( ) ( )1
ˆPr , , , , ,z x θit it it it itE w w w q p q dwdq−= ∫∫  (13) 

 

 ( ) ( )1
ˆPr , , , , ,z x θit it it it itE q q w q p q dwdq−= ∫∫  (14) 

The range for the numerical integration was the observed quantities ± 10 millions m3, 

with 100 partitions. We begin with the demand elasticity. 
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A. Price Elasticity 

Prices are endogenous in our model. Still, the question may be asked, how does water 

consumption change with its price? Three concepts of elasticity emerge. The first is 

the calculated individual village demand elasticity, computed utilizing the regression 

coefficient at the sample mean (Tables 2, 3a); this elasticity value is -0.87 (-

7,619*0.11 / 958). The second concept is the “constrained market elasticity,” 

corresponding to a market experiment wherein villages constrained by their quota do 

not respond to a change in the prices, and the quotas are assumed irresponsive to price 

changes. The calculation is conducted by a simulation of Eq. (13) for prices 5% above 

and below the observed sample levels, holding the sample quotas constant. The value 

of the elasticity thus computed is -0.19, or slightly higher than the short-run elasticity 

value of -0.13 estimated by Bar-Shira et al. (2006). 

To obtain the third elasticity concept, recall that the quotas may change when 

prices change. Simulation of Eq. (14) with 5% price changes yields “elasticity” of 

quota with respect to price of -0.27. The third concept is accordingly the 

“unconstrained market elasticity,” reached by simulation of Eq. (13) with price 

changes of 5%, this time allowing quotas to change. The computed elasticity is now -

0.50. 

Quantitative controls for irrigation water are employed in many countries. The 

above findings imply that, at least for conditions in Israel, assertive price policy may 

greatly enhance the effectiveness of direct control instruments. 

 

B. Exogenous Changes 

In this subsection, we investigate the impact of exogenous shocks on the separating 

equilibrium, quantifying the comparative statics effects. Table 4 reports the results, 

expressed in terms of elasticities. The first two rows show variations associated with 

the first stage, i.e., the price formation and the allocation of users between the two 

interest groups, indicated by the probability ( )*Pr p≤ν . The price change was 

calculated using Eq. (12’), wherein jtW  equals the regional sum of village-level 

expected value of consumption, ( )itwE , as computed by Eq. (13), and 

( )*Pr pNN jtj
l
jt ≤= ν , where jN  is the number of villages in region j and ( )*Pr pjt ≤ν  
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is the region’s average probability of ( ) itititit qpD ≤+ αz,* ; the latter was calculated 

by a variant of Eq. (10) that includes the terms corresponding to this condition only. 

Recalling 0=λ , the price, ( )itwE  and ( )*Pr pjt ≤ν  were all calculated while holding 

the quotas at their observed levels. The equilibrium values’ responses shown in the 

last four rows of Table 4 incorporate the second-stage effect; they were computed by 

introducing the exogenous change as well as the updated price from the first stage into 

Eqs. (13) and (14), while allowing the quotas to change according to the estimated 

function ( )ititpQ x,* . 

From the theory (subsection II.C), we already know that a rise in the terms of 

trade and the technology level would lead to a price reduction, increased quotas, and 

deadweight losses. The simulation results (first column of Table 4) demonstrate that 

these effects are sizeable. In particular, note that the water price elasticity with respect 

to the terms of trade is -2.73. In the five decades 1952-2002, crops’ terms of trade in 

Israel declined by more than 50%, while the water price tripled (Kislev and Vaksin 

2003). Political scientists (e.g., Menahem 1998) tend to attribute those changes to 

erosion in the farmers’ lobbying or a shift in society’s and politicians’ attitudes 

toward agriculture. The above political-economic model with steady political 

organization (θ) and government attitudes (β), provides an alternative explanation for 

the water-price hike; namely, an exogenous decline in the terms of trade. 

The effect of a change in the historical quotas, as indicated by the elasticities in 

Table 4, is opposite in sign and an order of magnitude smaller than the effect of the 

terms of trade. 

The equilibrium values’ elasticities in Table 4, with respect both to β and θ , are 

less than 1, yet significant and tend to be similar in their magnitudes. While lower 

communication costs in the future may lead to increased transparency of 

governmental policies and higher politicians’ ethical norms (lower β), they may also 

strengthen farmers’ organization and lobbying (larger θ). The simulations results 

suggest that such changes may offset each other, thereby perpetuating overutilization 

of water resources. 
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C. Political Equilibria 

If, as in agriculture in Israel, both prices and quotas are effective, the sector can be 

characterized as being, in our terms, in a separating political equilibrium. If prices are 

low and the quantity demanded exceeds the quota in every water-consuming unit, a 

pooling quota equilibrium emerges; a pooling price equilibrium appears where prices 

are set high and the quotas also high enough. In this subsection, we simulate the two 

pooling equlibria and compare them to the observed separating equilibrium. Before 

proceeding with the simulation, it will be useful to review the implications of the 

theory concerning the normative ranking of the three equilibria. 

Finkelshtain and Kislev (1997) examined the relative efficiency of pooling price 

and pooling quota equilibrium in a regulated sector with homogeneous users. It was 

shown that if the demand elasticity is higher than the share of the resource utilized by 

the politically organized users, pooling price equilibrium dominates quotas 

equilibrium. Considering the estimated parameters in our study (demand elasticity -

0.87, lobbying participation rate 0.23), one would accept the supremacy of the price 

regime. 

However, this need not always be the case. In principle, where delivery costs vary 

between water users, the individually tailored quotas could potentially perform better 

than a uniform price regime that does not account for cost differences. In such a case, 

a two-pronged instrument may be superior. The conclusion drawn from this 

discussion is that normative ranking of the various equilibria is an empirical question. 

Turing to the simulations, water consumption and quotas for the pooling quota 

equilibrium were simulated for each village separately, by Equations (13) and (14), 

setting 0itp =  for all i and t. For the pooling price equilibrium, we used Eq. (6’), and 

it becomes: 

 *

1
jt jt

it

c
p

βθω
βθ

−
=

−
 (15) 

where jtc  and jtω  are the regional average costs and the estimated intercept of the 

linear VMP function respectively. Village-level water consumption for the pooling-

price equilibrium was simulated by Eq. (13) using the regional prices calculated in 

(15). Village magnitudes were then averaged. 
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As indicated earlier, the political equilibrium is not welfare maximizing. 

Deadweight losses for the equilibrium values were calculated by 

 ( )21 *
2

/it it witW c π ψΔ = −  (16) 

and averaged over the sample. 

The results are reported in Table 5 in terms of expected per-village values, 

averaged over the sample. For the circumstances in Israel and for the period of the 

study, the pooling price equilibrium was dominant in terms of welfare (recall that 

prices were set regionally). The average price under the pooling-price regime is, as 

shown in Table 5, twice the observed average, and closer to the marginal cost, thereby 

yielding higher welfare. The VMP under the pooling-quotas equilibrium is lower than 

the observed value, implying that pooling-quotas equilibrium is inferior to the other 

possibilities. Thus, despite the cost and technological heterogeneity that may lead to 

superiority of quotas or of an integrated regime, pooling price equilibrium dominates. 

The principal factor leading to this result is free-riding in lobbying. The uniform price 

regime in each region allows, or even encourages, considerable free-riding in farmers’ 

organization relative to the individual quota regimes, and therefore yields a welfare-

superior equilibrium. To show this, we simulate the pooling price regime in the 

extreme case of perfect lobbying, 1θ = . As can be seen in the last column of Table 5, 

the normative ranking is reversed in this case, and both the separating and pooling 

quota equlibria are better.3 One can only speculate that a nationwide uniform price 

could lead to even less effective lobbying and higher welfare. 

 

V. Concluding Comment 

Realizing that political involvement tends to distort resource allocation and reduce 

social welfare, several years ago the Knesset (Israeli parliament) established an 

independent Water Authority with the power to determine water allotments and 

                                                 
3  We have also tried to simulate a separating equilibrium with 1θ =  but could not 

find positive prices associated with this equilibrium. The implication is that for the 
circumstance of the study, if all farmers were to participate in the lobbying activity 
for lower price, the regulation regime would have become a pooling quota 
equilibrium with water utilization determined solely by quantitative allocation. 
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prices. The law specifically and explicitly prevented the minister (Cabinet member) 

responsible for the water sector from involvement in the areas of responsibility 

assigned to the Water Authority. 

While the intent was laudable, the legislators could not adhere to the law they 

themselves approved and could not resist the temptation to influence prices. During 

2009, when the Authority was deliberating a new price structure, its Director-General 

was summoned six times to parliamentary committees and was even threatened with 

the law being amended unless prices were structured consistently with political 

desires, reflecting public outcry and goals of interest groups. Indeed, as of this writing 

(July 2011), the Knesset is considering a proposal to reverse the law: ‘‘The power to 

regulate prices must be restored to the members of the parliament, the reality being 

that the bureaucracy has been raising prices at will …” This time, the prices to be set 

are for urban water, however the same attitude can be expected to emerge when 

agricultural tariffs and allocations are considered. It appears impossible to “sanitize” 

the political process from involvement — even in the details — of administrative 

functions. 
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Appendix A – Comparative Statics 

The recursive decision-making process implies that the comparative statics exercises 

should be executed in two stages. The effect of an exogenous change on the price is 

analyzed in the first stage. In the second stage, the transformation in the quotas due to 

the direct effect of the exogenous change and the indirect effect (through the price) 

are examined. 

 

A. The Price 

Recalling  Eq. (6),  for any exogenous parameter, a , 
pp

pa

G
G

da
dp

−=
*

 and since 0<ppG , 

it follows that ( ) ( )paGdadp sgnsgn * = . The results regarding β, θ, and c are shown 

first: 

 ( )( ) ( )( ) ( ), , 0

h

l
p w pG W p f p p w f d

ν

β
ν

θ ν π ν ν ν
⎡ ⎤

= − − − <⎢ ⎥
⎢ ⎥⎣ ⎦

∫ , (A1) 

 ( )( ) ( )( ) ( ), , 0

h

l
p w pG W p f p p w f d

ν

θ
ν

β ν π ν ν ν
⎡ ⎤

= − − − <⎢ ⎥
⎢ ⎥⎣ ⎦

∫ , (A2) 

 ( ) 0

h

l
pc pG c w f d

ν

ν

ν ν= − >∫  (A3) 

We shell now examine the impact of a technological improvement or an increase 

in the terms of trade. We model such changes by a shift in the distribution of 0( , )qγ , 

such that the ex-post conditional distribution of γ, conditioned on any q0, FSD the ex-

ante one. For the comparative statics exercises, we examine the effect of small 

changes in the distribution. An increase in a parameter, a , represents FSD shift of the 

conditional distribution of γ, conditioned on q0, if and only if: 

 0 0( , | ) 0 ( , ),
l

l h
aZ x a q dx q

γ

γ

γ γ γ≤ ∀ ∈∫  
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Define 0( , )p q pγ  by 0( , )p
w q pπ γ = . That is, for any price and quota level, 

0( , )p q pγ  is the level of technology for which the VMP of water equals its price. 

Using this notation, water consumption can be rewritten in terms of γ: 

 0

0

( , ) [ , ]
( , , )

( , ]

l p

p h

D p
w q p

q
γ γ γ γ

γ
γ γ γ

⎧ ∈
= ⎨

∈⎩
 

We can now rewrite Eq. (6) in terms of the quota distribution and the conditional 

distribution of γ, given q0: 

( )( ) ( )

( )( )( ) ( )

0 0 0

0 0 0 0

, , | ( )

( , , ) , , | ( )

h h

l l

h h

l l

q

w p
q

q

w p
q

p c w Z a q d k q dq

w p q p p w Z a q d k q dq

γ

γ

γ

γ

π γ γ γ

βθ γ π γ γ γ

⎡ ⎤
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⎢ ⎥⎣ ⎦
⎡ ⎤

= − −⎢ ⎥
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∫ ∫
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Examining the effect on p: 

 

( )( ) ( )

( )( )( ) ( )

0 0 0

0 0 0

, , | ( )

( , ) , , | ( )

h h

l l

h h

l l

q

pa w p a
q

q

w p a
q

G p c w Z a q d k q dq

w p p p w Z a q d k q dq

γ

γ

γ

γ

π γ γ γ

βθ γ π γ γ γ

⎡ ⎤
= −⎢ ⎥

⎢ ⎥⎣ ⎦
⎡ ⎤

− − −⎢ ⎥
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∫ ∫

∫ ∫
 (A4) 

Assuming that 0pw γ = , all three: ( )( ),w pp c wπ γ − , ( )( ),w pp p wπ γ −  and ( ),w p γ−  

are decreasing functions of γ and hence their expected value is decreasing in a  

(Hadar and Russel (1969)). Therefore, 0paG < , proving that the price decreases with 

FSD shift in ( )0, |Z a qγ . An increase in the historical quotas is modeled by a shift in 

the distribution of 0( , )qγ , such that the ex-post conditional distribution of q0, 

conditioned on any γ, FSD the ex-ante one. Following the same line of proof as of the 

technological improvement, it can be shown that 0paG > , proving that the price 

increases with FSD shift in ( )0, |k q a γ . 
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B. The Quotas Allocation 

Recalling Eq. (4), for any exogenous parameter, a , 
*

qa

qq

Gdq
da G

= −  and since 

( )( )* , 0qq wwG qπ ν ν= < , it follows that ( ) ( )*sgn sgn qadq da G= . Employing Eq. 

(4) it can easily verified that 0qG θ = , 
*

0
1qc

pG β
β

= − <
+

 and 

2
0

(1 )q
p cG β β

−
= − >

+
. Moreover, the changes in the initial quota distributions and 

technological level have no direct effects on the quota allocation rule. 

 

Appendix B - Likelihood Function 

Let εαϕ +=  and let ( )αϕϕα ,g  denote the joint density of ϕ  and ε , where the 

density ϕαg  is bivariate normal with parameters 222
εαϕ σσσ += , 2

ασ , and 

( )
( ) ϕ

α

αεα

α

αϕ σ
σ

σσσ

σ
σσ

εααρ =
+

=
+

=
222

2,Cov
. In the same manner, ugϕα  and ugαε  are 

the joint densities of ϕ , α, and u; and α, ε, and u respectively. The distribution of α 

conditional on ϕ  implies ( ) ( ) ( )ϕϕααϕ ϕϕαϕα ggg =, , and due to the independence of 

α, ε, and u there are uu gggg ϕϕαϕα = and uu gggg εααε = . Omitting nonessential 

indices and functions’ operators, the probability of observing a certain pair of w and qt 

can be expressed in terms of g: 
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where Dqt
t −=α̂  and Dqt

t −= −
−

1
1α̂ . The distribution ϕαg  is bivariate normal, 

hence ( )ϕαϕαg  is distributed ( )( )222 1, ρσϕρ α −N . Using φ and Φ to denote the 
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density and the cumulative distribution functions of a standard normal random 

variable respectively, the probability function can be written: 
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Table 1 – Comparative statics of separating equilibrium 

Parameter Impact on *p  Impact on ( )ν*q  

β - + 

θ - + 

c + - 

( )z γ a - + 

( )0 0k q a + - 

a. Analyzed based on a linear water’s VMP function 
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Table 2 – Description of variables 

Variable Spatial unit Units 
Mean / 

Frequency 
Std. 
Dev. 

Freshwater usea Village [103 m3 year-1] 958 472 

Freshwater quotaa Village [103 m3 year-1] 1,028 408 

Freshwater pricea,b Region [$ (m3)-1 ] 0.11 0.02 

Energy delivery costsc,b Village [$ (m3)-1 ] 0.23 0.10 

Capital & operation costsc,b Village [$ (m3)-1 ] 0.14 0.08 

October rainfalld Village [mm month-1] 35.9 26.2 

April rainfalld Village [mm month-1] 22.3 22.5 

Annual rainfalld Village [mm year-1] 526 183 

Elevation above sea levela Village [m] 183 223 

Agricultural landa Village [103 m2] 2,745 2,201 

Orchards, areaa Village [103 m2] 738 578 

Light soild Village Dummy 2% - 

Medium-light soile Village Dummy 44% - 

Heavy-medium soile Village Dummy 6% - 

Heavy soile Village Dummy 48% - 

Northa Village Dummy 37% - 

Centera Village Dummy 43% - 

Southa Village Dummy 20% - 

Cooperative (moshavim)a Village Dummy 78% - 

Communal (kibbutzim)a Village Dummy 22% - 

Natural enrichmentf Nationwide [106 m3 year-1] 1,280 313 

Terms of tradeg Nationwide Index (1952=100) 65.2 1.30 

a. Obtained from the Agriculture and Rural Development Ministry 

b. Monetary terms are in 1987 US dollars 

c. Calculated using data obtained from engineer Gabriel Shaham [personal 
communication] 

d. Obtained from the Israeli Meteorological Service 

e. Based on Ravikovitch (1992) 

f. Enrichment of natural storages in the previous year as calculated by the Israeli 
Water Commission 

g. From the dataset of Kislev and Vaksin (2003) 
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Table 3a – Demand and quota allocation functions 

Observations 1,051 

Wald χ2(14) 159.6 

σα 383** 

σε 241** 

σyou 144** 

 Demand (D) Quota (Q) 

Price -7,619** (δ1) -3,686** (δ2) 

Energy costs - -311.8** 

Capital & operation costs - 321.0** 

Natural enrichment - 0.117** 

qt-1 - 0.757** 

Elevation -0.858** - 

October rainfall -0.994 - 

April rainfall 1.761 -3.098** 

Annual rainfall 0.273 -0.004 

Agricultural land 0.049** 0.013** 

Orchard area 0.352** 0.078** 

Light soil -75.39 128.7** 

Medium-light soil 94.08 -29.33** 

Heavy-medium soil 2,645 139.6** 

Terms of trade 72.48* 29.55** 

Center -6.96 57.66** 

South 258.6* 30.35 

Cooperative -164.27* -4.41 

Constant -2,849 -1,452** 

2 11

β δ δ
β

=
+

a 
0.48** 

(95% Conf.: 0.06 to 0.91) 

* = significant at 10%; ** = significant at 5% 

a. Calculated using the delta method for computing standard deviations (Green 2003)
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Table 3b – Price formation equation 

Observations 1,039 

Wald χ2(4) 202.4 

W/Nl (instrumented)a -2.81×10-5** (δ3) 

Energy costs 7.64×10-2** 

Capital & operational costs -0.19** 

Natural enrichment -1.21×10-5** 

Constant 0.193** 

( )3 1 1 2 2θ δ δ δ δ δ= − b 
0.23 

(95% Conf.: -0.30 to 0.75) 

* = significant at 10%’ ** = significant at 5% 

a. Instruments include rainfall during October and April, elevation, and dummies for 

years and location in the central and southern areas of the country 

b. Calculated using the delta method for computing standard deviations
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Table 4 – Impact of exogenous changes (Elasticities) 

 Stage 
Terms of 

Trade Rainfall β θ 
Energy 
Costs qt-1 

p* I -2.73 -0.05 -0.77 -0.69 2.89 0.28 

( )*Pr p≤ν  I -10.43 -0.25 -0.83 -0.72 4.09 0.88 

E(q) II 0.77 0.25 0.12 0.33 -0.58 -0.07 

E(w) II 3.47 0.30 0.22 0.44 -1.88 -0.09 

E(Deadweight Loss) II 1.74 0.59 1.06 1.25 -0.10 -0.30 
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Table 5 – Simulated control regimes (per-village average) 

  
Separating 

(observed)

Pooling 

quota 

Pooling 

price 

Pooling 

price ( 1θ = ) 

Average cost ($ / m3) 0.37 0.37 0.37 0.37 

Average price ($ / m3) 0.11 - 0.18 0.09 

E(πw(q)) ($ / m3) 0.19 0.13 - - 

E(w) (103 m3 / year-village) 940 1,403 835 1,543 

E(q) (103 m3 / year-village) 1,033 1,412 - - 

E(DWL) (103 $ / year-village) 60 94 5 115 
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Figure 1 – Predicted versus observed distributions of water consumption ((a) and (c)) 
and quota ((b) and (d)) 
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I. Introduction and Summary
This article is an examination, in two parts, of productivity and changes in
agriculture in the 15 new independent states that, until 1991, constituted the
republics of the Soviet Union. The first part presents a production function
analysis for the Soviet period before 1990. The second part deals with the
post-Soviet period of transition, 1990–98, covering both the collapse asso-
ciated with the dissolution of the Soviet Union and the recovery that began
to emerge. The study is preliminary in at least two ways. First, the transition
is an ongoing process, and it is safe to expect that accumulating information
and experience will change, in the coming years, the lessons of its analysis.
Second, information on the agriculture of the former Soviet economies is often
more problematic than it is on the agricultural sectors of many other countries,
and the available data may be expected to improve as research continues.

Although the pre-1991 economic literature usually treated Soviet agri-
culture as a single monolithic entity, the agricultural sectors in the 15 republics
differed significantly, owing to natural, social, and political factors. Because
of these differences, labor productivity—output per worker—in the best per-
forming republic was 2.5 times higher than it was in the agriculturally least
productive republic. However, this gap, wide though it seems, was much
smaller than the corresponding gap in agricultural productivity among non-
Soviet countries. The productivity of Soviet agriculture was comparatively
low, but input use was on a par with agriculture in the industrialized countries;
technical change, however, was smaller.

After 1991, agricultural production decreased sharply in all the 15 newly
independent states. The major factor for this reduction was probably the elim-
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ination of subsidies and the dramatic worsening of the terms of trade of
agriculture. Other factors may have been a reduction in demand as real incomes
fell and disruptions in support services as the central controls collapsed. Output
contraction was accompanied by changes in the use of factors of production.
The use of most purchased inputs decreased; labor left agriculture in some
of the countries, while in others, particularly in the Muslim states of Central
Asia, agricultural employment increased. Decreasing output and changes in
input use affected productivity. Some countries improved output-to-input ra-
tios, while in others productivity deteriorated. Paucity of data precludes a
systematic statistical analysis of the transition period, but examination of the
available data suggests that reform policies—land individualization, structural
changes in services and institutions—and the performance of the nonagri-
cultural sectors have strongly affected recovery and productivity gains (or
losses) in agriculture. The data also indicate that, contrary to frequently voiced
assertions, large imports did not replace domestically produced food in the
former Soviet republics.

II. The Soviet Period
A. Agriculture in the Soviet Union
The world’s industrial revolution was accompanied by a no less dramatic
agricultural revolution—food is now in abundant supply, and we eat more
and better than our forefathers did.1 Before World War I, the farm sector of
Russia’s czarist empire produced enough food both for domestic consumption
and for export. Production expanded under the Soviet regime, but nature,
impatience, and human blunders combined to prevent agriculture from de-
veloping at the rate necessary to satisfy the needs of an economy that was
pursuing rapid industrialization and urbanization.

Large parts of the former Soviet Union—the vast tundra and coniferous
forests of northern Russia and Siberia—are not fit for agriculture. Farming is
therefore practiced in a relatively small part of the former Soviet Union: in
its European regions, in a narrow belt stretching across all of southern Siberia,
in Transcaucasia, and in the oases of Central Asia. Unfortunately, with few
exceptions, farming conditions are not favorable even in these food-producing
parts. Most of the grain-growing areas of Russia and Ukraine are colder than
many farming regions in the world. Further east and south, Central Asia is a
desert. Despite their huge area, the grain-producing regions of the Soviet Union
are largely located in a narrow climate zone and are similarly affected by
changes in weather. This similarity is the principal explanation for the com-
paratively large yield variations and food-supply fluctuations that characterized
Soviet agriculture.

On three occasions the shortage of food reached famine proportions in
the Soviet Union: in 1918–21, in the wake of the communist revolution and
the policy of war communism; in 1932–33, at the height of collectivization;
and in 1946–47, in the aftermath of World War II. Many perished in each
instance. These events, however, occurred under extraordinary circumstances,
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Fig. 1.—Agricultural production indexes: former Soviet Union and the world
(1961 p 100). Source: FAO on-line database, available at http://www.fao.org.

and, despite the setbacks, the Soviet Union saw periods of expanding food
production. According to the official statistics, agricultural production in 1961
was more than twice the 1913 output, and the trend continued thereafter, as
figure 1 demonstrates. Output grew at the world pace for the decades of the
1960s and 1970s, but then, following several bad harvests, Soviet agriculture
lagged behind the world total (Soviet Union included). Production decreased
sharply in the wake of the dissolution of the Soviet Union in 1991, but it has
remained stable over the last few years—albeit at the level of the early 1960s.
While world agricultural production today is 2.5 times its 1961 level, agri-
culture in the former Soviet countries has gone back 40 years.

Throughout its history, the Soviet Union strived to achieve food self-
sufficiency, but despite impressive growth, supply remained disappointing and
a cause of deep concern. “In the Soviet Union before the Second World War,
as in Imperial Russia, the level of grain production was the most crucial
economic magnitude.”2 In the second half of the twentieth century, when the
rest of the world was enjoying ample food supply and the industrial countries
were even burdened by surpluses, in the Soviet Union the “food problem
[was], economically and politically, the central problem of the whole five-
year plan.”3

The Soviet regime, particularly in Stalin’s time, reacted with coercion
to the inability of the farm sector to supply the growing urban population
with adequate amounts of food. Farm products were forcibly procured and,
under the stress, miracle cures were embraced: collectivization, economies of
scale, Lysenko’s biology, and even an attempt to change the climate. Stalin’s
death in 1953 was followed by experiments in agricultural reforms—higher
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producer prices, heavy investment, cultivation of virgin lands, growing warm-
weather crops (including corn) in cold regions, consolidation of collective
farms, food imports. Some of the attempts succeeded, many failed, and the
basic structure was not changed. Thus, food shortages continued, and the
problem of agriculture remained a central national issue.4 And justifiably so:
a study of agricultural production in the 20-year period 1960–79 found that
“total factor productivity in [climatically comparable] non-Soviet areas is
between one and a half and twice that of the USSR.”5 Subsequently, it was
even suggested that inflated food subsidies were one of the major causes for
the collapse of the Soviet regime in 1991.6

B. The 15 Republics
Of the 15 former Soviet republics, eight are northern, located in the temperate
plains (the Baltics and the core republics; see table 1), and seven are southern,
located in Transcaucasia and Central Asia. As the data in table 1 show, the
two groups differ in more than just location and climate.

Typically, the northern populations had low rates of growth, less than
1% per year, while the southern populations grew much faster, with yearly
rates exceeding 2% in the Muslim republics of Central Asia (table 1). The
republics also differed in income. In the late 1980s, on the eve of transition,
the gross national product (GNP) per capita in the northern republics was
twice that of their southern counterparts. The northern republics fell in the
World Bank’s group of higher-middle-income countries, while the southern
republics were at the level of the lower-middle-income countries. There was
considerable inequality among the Soviet republics; yet all of them were in
the middle-income group. The income differences among the Soviet republics
were thus substantially smaller than the differences among non-Soviet coun-
tries, ranging, by the World Bank grouping, from low- to high-income econ-
omies. This attribute of the Soviet system, namely, that the dispersion of the
15 republics was less than the dispersion of countries outside the Soviet Union,
will recur again and again as we continue our review.

In terms of labor allocation in the 1980s, only Russia could be considered
an industrial country, with 14% of the labor force in agriculture. In the other
countries, agriculture had higher shares in employment, with the highest in
the southern republics (Moldova, the southernmost member of the northern
group, had 37% of labor in agriculture).

The republics differed also in the nature of their agriculture. The northern
republics had relatively high shares of livestock in production and no irrigation
to speak of (except Moldova). The southern republics had less livestock and,
located as they were in a relatively dry climate, most of their arable land was
irrigated.

C. Productivity in the Soviet Republics
The period of our analysis of agriculture in the Soviet republics, dictated by
the availability of data, covers the years 1965–90. The variables examined
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TABLE 1

Country Profiles of the 15 Soviet Republics in the Pretransition Period

Country

Population
(Millions, 1980)

(1)

Population Growth Rate
(% per Year, 1980–90)

(2)

GNP per Capita
(1995 US$, 1987–90)

(3)

Share of Agri-
culture in Labor

(%, 1980–88)
(4)

Share of Livestock in
Agricultural Product

(%, 1980–89)
(5)

Irrigated Land (% of
Arable Land, 1989)

(6)

Baltics:
Estonia 1.5 .77 4,646 17 69 1
Latvia 2.5 .62 4,582 16 70 1
Lithuania 3.4 .92 2,902 25 67 2

Core:
Russia 138.3 .68 3,827 14 61 5
Belarus 9.6 .64 2,637 24 57 2
Moldova 4.0 .90 2,200 37 36 17
Ukraine 50.0 .37 3,389 21 54 8
Kazakhstan 14.8 1.19 2,161 23 59 6

Transcaucasia:
Armenia 3.1 1.35 2,168 20 51 61
Georgia 5.1 .77 2,295 28 32 58
Azerbaijan 6.1 1.55 1,564 33 32 87

Central Asia:
Kyrgyzstan 3.6 1.97 1,397 32 57 74
Tajikistan 3.9 3.01 1,033 43 32 86
Turkmenistan 2.8 2.51 2,001 40 34 105
Uzbekistan 15.8 2.58 1,310 38 33 93

Sources.—GNP per capita from Word Development Indicators 1999, CD-ROM (Washington, D.C.: World Bank, 1999). All other data are from Statistical
Yearbook of the USSR (Moscow: Goskomstat SSSR, various years up to 1990).
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TABLE 2

Indicators of Agriculture in the Pretransition Period (1980–85 Averages)

Country

Output (Thousands of
1983 Rubles/Worker)

(1)

Arable Land
(ha/Worker)

(2)

Irrigated Land
(ha/Worker)

(3)

Farm Machinery
(hp/Worker)

(4)

Livestock
(Standard Head/Worker)

(5)

Fertilizer
(kg/ha Arable Land)

(6)

Baltics:
Estonia 12.5 7.3 .1 38.4 7.0 247
Latvia 10.3 6.7 .1 38.0 6.5 238
Lithuania 11.1 6.6 .1 35.4 7.0 235

Core:
Russia 8.1 12.0 .5 28.7 6.6 79
Belarus 8.8 5.0 .1 20.9 5.8 266
Moldova 6.0 2.5 .3 14.7 2.5 197
Ukraine 7.9 6.0 .3 18.6 5.1 126
Kazakhstan 7.7 20.7 1.2 35.7 9.0 22

Transcaucasia:
Armenia 6.1 2.3 1.3 10.8 5.6 191
Georgia 5.2 1.2 .7 5.4 3.4 280
Azerbaijan 6.2 2.2 2.0 9.0 4.6 195

Central Asia:
Kyrgyzstan 5.7 3.1 2.3 14.0 7.2 182
Tajikistan 5.4 1.8 1.5 10.6 4.0 273
Turkmenistan 5.3 2.6 2.5 12.7 3.9 243
Uzbekistan 5.1 2.1 1.9 11.6 2.7 283

Sources.—Statistical Yearbook of the USSR (Moscow: Goskomstat SSSR, various years), and calculations in Alon Kriss, “Agricultural Productivity in the Former
Soviet Republics” (M.Sc. diss., Hebrew University, Rehovot, Israel, 1994; in Hebrew).
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TABLE 3

Agriculture in the Hayami and Ruttan Sample

Newly
Settled Industrialized

Latin
America Egypt� Asia Other

Output and inputs
(1979–81 averages):

Output (wheat units/
worker) 180.5 53.4 14.1 2.9 2.7 17.4

Arable land (ha/worker) 78.7 7.9 4.9 1.4 .6 7.5
Capital (hp/worker) 91.6 28.8 1.27 .13 3.12 5.94
Livestock (head/

worker) 48.8 10.5 9.4 .6 1.4 6.0
Fertilizer (kg/ha) 80.1 219.1 38.9 128.0 24.4 52.6

Growth accounting
(1960–90):
Output (% per year) 1.96 1.84 3.04 2.44 2.78 2.84
Technical change (%

per year) 1.01 1.18 �.59 �.61 �2.53 .02
Conventional inputs

(share in %) 48 36 120 125 191 99

Source.—David Biton, “Productive Efficiency and the Agricultural Labor Market in In-
ternational Comparisons” (M.Sc. diss., Hebrew University, Rehovot, Israel, 1998; in Hebrew).

Note.—Egypt� refers to Egypt, Libya, and Mauritius. See appendix for comments on the
data.

are reported in table 2 (in the appendix we comment on the data and their
sources). Labor productivity—output per agricultural worker—was highest in
the Baltics and lowest in Central Asia. Land endowments were highest in
Kazakhstan and Russia, the principal grain-producing republics. In the south-
ern republics, the land-to-labor ratio was comparatively low, but most of the
cultivated area was irrigated. The Baltics had the highest capital-to-labor ratio
(capital was measured by horsepower of farm machinery) and more livestock
per worker than any of the other republics except the sheepherding Kyrgyzstan.
Fertilizer was allocated in larger quantities to the more intensively cultivated
areas, among them the Baltic republics and the irrigated lands of Central Asia,
than it was to the extensively cultivated grain-producing plains—particularly
those in Russia and Kazakhstan.

Although the Soviet republics differed substantially in labor productivity,
these differences were smaller than among non-Soviet countries. We offer
two comparisons, one to agriculture in an international sample and the other
to the United States. The international comparison is motivated by the fact
that the Soviet Union, with its republics stretching across parts of Europe,
Central Asia, Siberia, and the Far East, spanned technological, social, and
cultural variability of international magnitude. Table 3 reports productivity
and factor allocation in the Hayami and Ruttan sample of 42 countries.7 Output
is measured in table 3 in wheat units and cannot be compared directly to ruble
values in table 2, but differences may be compared. While the ratio of labor
productivity in Estonia to that in Uzbekistan was 1:2.5, labor productivity in
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the industrialized countries in the Hayami and Ruttan sample was almost 4
times higher than it was in Latin America. The difference between the newly
settled countries and Asian agriculture was much larger.

Despite its size and diversity, the Soviet Union was a single country with
a single agricultural policy. The second comparison is, therefore, to U.S.
agriculture. Output per worker in the United States in 1981 varied from $9,257
in West Virginia to $79,108 in Delaware.8 This is a ratio of 1:8.5 (omitting
three small states, the ratio between Tennessee and Colorado was 1:3.5).
Although the U.S. economy is quite homogeneous, with free movement of
factors and technology and competitive markets, the American spread of labor
productivity was larger than productivity gaps in the Soviet Union.

While output is measured differently in tables 2 and 3, inputs are mea-
sured in essentially the same units. It is amazing that intensity of all fac-
tors—land, machinery, livestock, and fertilizer—in the Soviet republics was
on a par with that in the industrialized countries in the Hayami and Ruttan
sample. The frequently reported poor labor productivity (and total factor pro-
ductivity) in the Soviet Union may have been a reflection of inefficient use
of nonlabor inputs, machinery in particular.9

As is typical of less developed countries, agricultural labor in Central
Asia was growing in absolute numbers over the period 1965–90 (not in table
2), while in the European republics it was decreasing. Both demography and
general economic conditions were responsible for the differences in trends in
agricultural labor. The central Asian republics had comparatively high birth
rates and faster increases of the labor force. Given their smaller manufacturing
and service sectors (as reflected by higher shares of labor in agriculture; see
table 1), the central Asian countries lacked the ability to create non–farm
employment opportunities for the growing numbers of workers.

D. Production Functions and Technology
The estimated production function was of the Cobb-Douglas type with republic
and time dummies added in some of the regressions. The estimates were at
the per-worker level, accepting the assumption of constant returns to scale
(the sum of the coefficients in a regression, not reported here, with the ob-
servations representing republic totals was .960). The technology—the con-
tribution of the factors of production—is reported in table 4; republic dummies
and calculated technical change are reported below. Regressions 1–3 in table
4 were estimated for the pooled sample of all 15 republics; regressions 4 and
5 were estimated separately for the northern (nonirrigated) and for the southern
(irrigated) republics. The variable “Arable Land” in regression 5 was separated
into “Irrigated Land” and “Nonirrigated Land.”

The findings of table 4 further highlight the differences between the
northern and the southern republics. The separating factors are irrigation and
livestock. The share of irrigated agriculture in the northern republics is neg-
ligible, and the variable is not included in the regression; on the other hand,
irrigated land is an important factor for southern agriculture and its coefficient
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TABLE 4

Production Function

Regression

1. All 15
Republics
(n p 390)

2. All 15
Republics
(n p 390)

3. All 15
Republics
(n p 390)

4. 8 not
Irrigated

(n p 208)
5. 7 Irrigated

(n p 182)

Dummy variables None Republic Republic � year Republic Republic
Intercept �1.50

(�8.02)
�1.025

(�4.43)
3.111

(7.09)
�.796

(�2.74)
�1.650

(�2.97)
Arable land .150

(8.16)
�.007

(�.11)
.205

(3.31)
.257

(3.04)
�.001

(�.40)
Irrigated land … … … … .211

(2.05)
Livestock .012

(.48)
.143

(2.06)
.636

(8.11)
.453

(4.80)
.104

(.88)
Machinery (in hp) .164

(5.32)
.143

(3.85)
�.302

(�5.57)
.043

(1.11)
.113

(1.48)
Fertilizer .249

(14.04)
.218

(9.23)
.076

(3.15)
.143

(7.12)
.379

(9.28)
Sum of coefficients .575 .497 .615 .896 .806
R2 .865 .942 .961 .962 .766

Source.—Authors’ estimations based on per-worker variables.
Note.—For each republic, 26 years of observations (1965–90). Not irrigated: Lithuania,

Latvia, Estonia, Ukraine, Belarus, Moldova, Kazakhstan, Georgia, 208 observations. Irrigated:
Azerbaijan, Armenia, Uzbekistan, Kyrgyzstan, Turkmenistan. Figures in parentheses are t values.
See appendix for comments on the variables.

in regression 5 is .211. The share of livestock in the northern republics is
estimated at .453 (regression 4), while in regression 5 for the irrigated southern
republics the coefficient of this variable is not significantly different from
zero. The coefficients of machinery in regressions 4 and 5 were not significant;
evidently, the differences over time in machine intensity within the groups
were too small to support stronger estimates.10

The republic effects in the regressions are reported in table 5 for the
northern republics relative to Russia and for the southern republics relative
to Georgia. In the Soviet era, all the northern republics (except Kazakhstan)
were more productive than Russia. This was particularly true of Moldova, a
republic endowed with fertile soil and warm weather. Among the southern
republics, Georgia was the most productive, with Turkmenistan and Uzbek-
istan the least productive. Although we prefer regressions 4 and 5 to the
pooled estimates, we report in table 6 (col. 8) the republic dummies from
regression 2 as they rank productivity in agriculture for all the 15 republics.
These dummies indicate large differences in productivity between northern
and southern agriculture.

Three columns in table 5 report growth accounting by Solow’s method
for the 26-year period 1965–90. Take Lithuania as an example. Agricultural
output in the republic grew over the 26-year period by 1.51% per year and
technical change was .03% per year. The growth of the conventional inputs
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TABLE 5

Productivity Differences and Growth for the 15 Soviet Republics, 1965–90

Country

Republic
Dummies

(%)
(1)

Growth Accounting

Output
(% per Year)

(2)

Technical Change
(% per Year)

(3)

Share of Conven-
tional Inputs (%)

(4)

Northern republics:
Lithuania 37.4 1.51 .03 98.0
Latvia 25.2 1.32 �.14 110.6
Estonia 39.0 1.38 �.24 117.4
Russia 0 1.63 .12 92.6
Ukraine 28.4 1.67 .31 77.8
Belarus 30.8 1.93 �.06 103.1
Moldova 65.9 1.71 �.12 107.0
Kazakhstan �23.8 2.98 .87 70.8

Southern republics:
Georgia 0 2.01 �.08 104.0
Azerbaijan �32.5 3.71 �.84 122.6
Armenia �17.6 .84 �.16 119.0
Uzbekistan �49.2 3.87 �.23 105.9
Kyrgyzstan �39.0 2.88 �.40 113.9
Tajikistan �35.9 3.19 �.58 118.2
Turkmenistan �55.5 5.24 .07 98.7

Source.—Alon Kriss, “Agricultural Productivity in the Former Soviet Republics” (M.Sc.
diss., Hebrew University, Rehovot, Israel, 1994; in Hebrew) and authors’ calculations.

Note.—The republic dummies in col. 1 are from regressions 4 and 5 in table 4. Technical
change (col. 3) is the difference between output growth (col. 2) and change in input. The weights
in the calculation of the change in input were the coefficients in regressions 4 and 5 in table 4
and the labor coefficient taken as the complement of the sum of the coefficients to one.

(labor and those in regression 4 in table 4) was thus 1.48% per year, accounting
for 98% of the growth in agricultural output. In other words, over the 26-
year period 1965–90, the share of technological change in growth was 2%
(.03/1.51). The contribution of the conventional inputs to output was, in most
cases, close to 100%, and for many republics—those with negative technical
change—it was higher than 100%. Comparison with table 3 shows that, in
terms of the components of growth accounting, the Soviet republics behaved
like the less developed countries. They were far from the performance of
agriculture in the newly settled and the industrialized countries, where tech-
nical change was more than 1% per year and the conventional inputs con-
tributed to growth less than 50%.

To summarize the discussion of the Soviet period, we note that substantial
differences were found between the northern and the southern republics and,
in particular, between their agricultural sectors. But, as a rule, these differences
were smaller than the gaps in corresponding magnitudes among countries in
the non-Soviet world and among American states. We also found that tech-
nological change in agriculture in the Soviet republics was small or even
negative.
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TABLE 6

Changes in Per Capita Incomes and in Agriculture in the Post-Soviet Period (%)

Country

GNP/Cap
1987–90 to 1997

(1)

Agricultural
Output 1990–95

(2)

Agricultural
Labor 1990–95

(3)

Agricultural
Output 1995–99

(4)

Agricultural
Labor 1995–98

(5)

Use of All
Inputs 1992–97

(6)

Productivity
1992–97

(7)

Republic Dum-
mies 1965–90

(8)

Baltics:
Estonia �20.6 �41.4 �57.6 �1.0 �22.2 �43.1 14.2 19.4
Latvia �38.6 �53.3 �7.8 �18.0 2.6 �39.2 �6.1 8.5
Lithuania �30.6 �41.8 13.2 4.6 �6.7 �24.4 18.3 13.2

Core:
Russia �41.6 �32.8 .2 �14.0 �10.5 �32.1 7.4 0
Belarus �22.4 �26.5 �14.4 �12.4 �17.6 �20.5 2.9 �.2
Moldova �70.9 �34.9 13.9 �21.8 �2.2 �19.3 2.4 6.1
Ukraine �57.2 �34.2 �6.1 �24.9 �6.3 �29.2 2.5 4.6
Kazakhstan �40.9 �44.5 �16.4 �1.7 �5.0 �42.3 �5.2 8.0

Transcaucasia:
Armenia �58.7 4.8 93.7 9.4 2.9 �24.4 22.9 �14.0
Georgia �70.0 �38.5 31.3 9.2 71.7 �8.8 32.9 �10.2
Azerbaijan �68.5 �47.7 �2.7 9.8 �2.5 �29.6 �3.9 �16.9

Central Asia:
Kyrgyzstan �41.5 �38.2 35.5 44.6 8.0 �5.2 �1.7 �17.5
Tajikistan �69.1 �45.2 31.4 .3 �1.1 �17.3 �11.5 �22.4
Turkmenistan �67.9 �31.9 21.4 n.a. 13.3 7.2 �29.4 �27.5
Uzbekistan �25.8 �10.8 11.9 9.8 �.7 6.2 �10.7 �26.5

Sources.—Col. 1, World Development Indicators 1999, CD-ROM (Washington, D.C.: World Bank, 1999); cols. 2–5, Statistical Data of the Commonwealth of
Independent States 1999, CD-ROM 4/1999 (Moscow: Statkom SNG, 2000), and official country statistics for the Baltics; col. 6, authors’ calculation using the sources
of cols. 2–5 and the FAO on-line database (http://www.fao.org); cols. 7–8, authors’ calculations.

Note.—Estonia, Latvia, and Georgia had labor data only up to 1997. Lithuania did not report labor for 1990 and 1991. To be consistent with the information
for other countries, the percentage changes in these cases were adjusted proportionately to the full period. Productivity was calculated as the difference between
change in output from 1992 to 1997 (not in the table) and change in resource utilization (col. 6). The entry for Turkmenistan is for the period 1992–96. Republic
dummies are relative to Russia, from regression 2 in table 4.
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III. The Post-Soviet Period
The dissolution of the Soviet Union in 1991 was followed by an economic
upheaval from which the former Soviet republics (now independent countries)
have yet to recover. In Estonia, the per capita GNP in 1997 was 21% lower
than for the last 3 years of the Soviet era (table 6, col. 1); the corresponding
magnitude for Moldova was 71%.

This part describes the developments in agriculture in the 15 former
Soviet republics in the post-Soviet period and attempts to explain the changes
that have occurred. One of our goals is to determine to what extent specific
features observed in the Soviet era can also be identified as affecting agri-
culture in transition countries after 1991.

A. The Elimination of Subsidies
Before its dissolution, the Soviet Union was spending 10% of its national
income, or 20% of the government budget, on food subsidies.11 A large share
of this support was devoted to reducing consumer prices, particularly of meat
and milk, but producer prices were also supported generously. Detailed data
are not available, but by Organization for Economic Cooperation and De-
velopment (OECD) estimates for four republics (Estonia, Latvia, Lithuania,
and Russia), the producer subsidy equivalent (PSE) in the late 1980s was
between 70% and 80%, while at the same time the average PSE for the OECD
countries was less than 40%.12 The PSE may not measure all of the support,
because ailing farm enterprises that could not survive even with supported
prices were often rescued financially by the central government. The estimates
we have are for only four republics, but one may safely assume that, under
the Soviet regime, the farming sectors in all the 15 republics enjoyed similar
degrees of support, with differences, if any, reflecting product mix and dif-
ferential support by line of production.

The situation changed dramatically after 1991. The OECD’s PSE esti-
mates for the four countries (former Soviet republics) were negative for 1992,
reflecting taxation of agriculture. Subsequently, the support increased, and in
1998 the PSE estimates were between 10% and 19%. The policies of the 15
independent states are no longer dictated from a single center, yet the collapse
of the central government and elimination of central sources of funds forced
all former republics to curtail significantly the support of farm and food prices
(although financial rescue of insolvent large farms in the form of periodic
debt write-offs and bailouts may still be practiced).

The elimination of subsidies changed drastically the profitability in ag-
riculture. Again, only limited information is available. The average share of
unprofitable farms in five former Soviet republics (Russia, Ukraine, Belarus,
Moldova, and Kazakhstan) increased from less than 5% in 1990–93 to more
than 60% in 1998.13 The terms of trade reported for 1997 for nine republics
for which information is available were one-third or less of their 1990 level.14

These changes markedly affected production in the farm sector of the former
Soviet republics.
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B. Production and Efficiency
Agricultural production decreased sharply over the first several years after the
collapse of the Soviet Union, as the graph of aggregate output in figure 1
reveals. As reported in table 6, general economic activity also contracted
considerably. Changes in agricultural production in the transition period in
table 6 are divided into two subperiods: the years of decline, 1990–95, and
the beginning of recovery since 1995.15 For the latter period we have infor-
mation on output up to 1999 and on labor up to 1998 (1997 for three countries).
In the first period, output fell everywhere except in Armenia. Labor move-
ments accompanied output changes: agricultural employment grew in nine
countries and decreased in six (col. 3). Particularly large increases in agri-
cultural labor are observed in the Muslim countries, where population growth
is rapid. Nonetheless, the same held true in non-Muslim countries, in that
many returned to work the land when the urban economy became uncertain
and the land-reform policies afforded access to subsistence farming. The re-
turning workers contributed to production and mitigated its decline.

Armenia is a striking example. The country suffered a devastating earth-
quake in 1988 that destroyed much of its industry and infrastructure. In ad-
dition, the Nagorno-Karabakh conflict with Azerbaijan triggered a regional
blockade that disrupted critical imports of energy and other inputs. The non-
agricultural sectors were in total disarray in the early 1990s, and labor migrated
to rural areas. The government responded to the growth of the rural labor
force by implementing a swift land reform that involved redistribution of most
of the arable land from collective farms to individuals. As a result, agricultural
employment in Armenia increased by 94% between 1990 and 1995, and
Armenia was the only country registering increased production over this
period.

As output dropped or increased only slightly and employment expanded,
labor productivity—output per worker—declined in Armenia and almost every-
where else in the former Soviet republics. The declines in output in the period
1990–95 were so large that labor productivity declined even in countries where
labor was leaving agriculture: production fell proportionately more than the
number of workers. The only exception is Estonia, where labor exit from
agriculture, 58%, was proportionately larger than output decline.

The second period examined in table 6 was to be a period of recovery.
Utilizing the available information, we report here output changes from 1995
to 1999 and labor changes only up to 1998. Agricultural output increased in
seven countries (col. 4). It continued to decrease in the other seven, but the
downward movement decelerated in all countries (Turkmenistan did not report
output beyond 1996). Even if a real recovery cannot be identified, a mitigation
of the deteriorating trend is discernible: labor productivity improved in nine
countries; in some of them, labor exit from agriculture exceeded the decline
in output (col. 5), and in others (e.g., Armenia) output grew more than labor
use. As the changes were not uniform, the dispersion of performance in
agriculture increased markedly. Even disregarding Estonia as a possible outlier,
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the coefficient of variation of labor productivity in the former Soviet republics
increased between 1990 (not in the table) and 1998 by more than 60%.

Labor movement and productivity are important indicators of changes
in welfare, but labor is only one factor of production. The use of other factors
also decreased, particularly the use of fertilizer, livestock, and machinery
(agricultural land was naturally less affected). Column 6 reports our calculation
of the change in the quantity index of a composite basket of all inputs from
1992 to 1997 (the index was not computed to 1998, since three countries
lacked labor data for the last year).16 The inputs are those listed in table 2,
and to calculate the index we weighted the changes in each input by the
corresponding production function coefficients (regressions 4 and 5 in table
4). Estonia and Kazakhstan reduced input use by more than 40%. The northern
countries in general reduced input use more than the southern countries, where
input use actually increased in Turkmenistan and Uzbekistan—mostly owing
to increased employment in agriculture in these countries.

The residual difference between the growth of output and the growth of
inputs is attributed generally to technical change; in other words, it represents
productivity improvements (col. 7). The term productivity is used here with
reservation. In many cases, real input prices rose drastically following de-
regulation, and real prices received by producers declined. This led to a wors-
ening of the terms of trade, and producers could not afford to use purchased
inputs at the previous levels. In other cases, feed, fertilizer, or spare parts may
have been simply unavailable at any price. Thus, not all changes in input use
reflected rational economic decisions. Indeed, we should not expect to have
optimal input combinations under conditions of rapid transition. Still, a smaller
decrease of output relative to inputs indicates improved efficiency and pro-
ductivity. We see from column 7 that, in the northern countries, productivity
generally improved—primarily owing to reduced use of inputs, not gains in
output (Latvia and Kazakhstan are the only exceptions, showing a decrease
in productivity). Among the southern countries, productivity improved by
23% and 33%, respectively, in Armenia and Georgia, the two countries that
resolutely switched from large-scale collective agriculture to small-scale in-
dividual farming. Productivity deteriorated in Central Asia, at least partly
owing to the fast population growth that created a need to absorb labor in
agriculture.

C. Food Supply
As we have seen, agricultural production declined considerably after the dis-
integration of the Soviet Union, both in countries where productivity decreased
and in countries that enjoyed improvements in the utilization of resources. It
has often been claimed that domestic production was replaced by imported
food.17 In the first two columns of table 7, we have attempted to evaluate this
assertion. Column 1 reports the ratio of import surplus (import minus export)
to agricultural output for the 5-year period 1992–96 (determined by data
availability). As column 1 shows, only Estonia and Russia had import sur-
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TABLE 7

Characteristics of the Former Soviet Republics in the Post-Soviet Period

Country

Food Supply Policy Reforms Nonagricultural Sector

Import Surplus (% of
Agricultural Output)

1992–96
(1)

Calories per Capita
per Year 1992–96

(2)

Share of Individual
Farms 1997 (%)

ECA Policy
Index 1997

(5)

Per-Worker Value Added
(Nonagricultural % of
Agricultural) 1994–96

(6)

Share of Nonagricul-
tural Sectors in
GDP 1994–96

(7)
Land
(3)

Production
(4)

Baltics:
Estonia 37 2,705 63 n.a. 7.8 171 92
Latvia 7 2,962 95 n.a. 7.6 142 90
Lithuania �3 2,950 67 n.a. 7.0 132 88

Core:
Russia 24 2,913 11 55 6.0 172 93
Belarus 10 3,177 16 45 1.6 94 83
Moldova �21 2,925 27 51 5.8 87 69
Ukraine 6 3,044 17 53 5.4 101 83
Kazakhstan �3 3,155 20 38 5.8 170 87

Transcaucasia:
Armenia 6 1,930 32 98 7.4 23 58
Georgia 8 2,152 24 76 6.2 52 64
Azerbaijan 11 2,151 9 63 5.0 129 76

Central Asia:
Kyrgyzstan 1 2,358 23 59 5.8 49 55
Tajikistan n.a. 2,274 7 39 3.8 n.a. n.a.
Turkmenistan n.a. 2,547 .3 30 1.8 n.a. n.a.
Uzbekistan �5 2,646 4 52 2.2 103 69

Sources.—Cols. 1–2, FAO on-line database (http://www.fao.org) and authors’ calculations; cols. 3–4, Statistical Data of the Commonwealth of Independent States
1999, CD-ROM 4/1999 (Moscow: Statkom SNG, 2000), and official country statistics for the Baltics; col. 5, Csaba Csaki and Achim Fock, “The Agrarian Economies of
Central and Eastern Europe and the Commonwealth of Independent States: An Update on Status and Progress 1998” (Environmentally and Socially Sustainable Development
Working Paper no. 13, World Bank, April 1999); cols. 6–7, World Development Indicators 1999, CD-ROM (Washington, D.C.: World Bank, 1999), and authors’ calculations.

Note.—The import-surplus ratio in col. 1 was calculated by dividing import surplus in dollars (FAO) by agricultural output (value added in agriculture from
World Bank’s World Development Indicators database multiplied by 1.67, reflecting the assumption that value added was 60% of output).
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pluses that could cover a significant part of the reduction in output after 1990.
However, even in Estonia, the country with the highest import surplus ratio,
output fell between 1990 and 1995 by 41% (table 6, col. 2), while import
surplus was only 37% of the lower, post-1991 output. In the other countries,
import surplus was much smaller; Moldova, Kazakhstan, and Uzbekistan even
recorded export surpluses.

If these estimates are correct, food supply must have declined in the 15
former Soviet republics. Indeed, a reduction of basic food supply is indicated
also by another set of data. Column 2 presents average caloric intake for
1992–96 from food balances of the United Nations Food and Agriculture
Organization (FAO). Twelve of the 15 former Soviet republics had food intakes
of less than 3,000 calories per capita per day in the post-1990 period, and
the average for the former Soviet Union was 2,660 calories per capita per
day. A decade earlier, the Soviet Union reported a daily intake of 3,371 calories
per capita. By these numbers, aggregate food supply—domestic and of foreign
origin—must have decreased substantially in the former Soviet republics.
Competition with imports may have intensified after 1991, but it was not the
flooding of the markets by products from abroad that caused home production
to contract.

Contraction of caloric intake in the former Soviet republics was accom-
panied by substantial changes in the composition of food consumption. On
average, for nine countries, the per capita consumption of meat decreased by
33% between 1991 and 1998, milk by 25%, and eggs by 40%.18 The per
capita consumption of potatoes and vegetables increased slightly over the
same period. Evidently, these changes reflect the drastic increase in consumer
prices that followed the elimination of subsidies after the collapse of the Soviet
Union.

Returning to FAO food balances, energy intake in 1992–96 was 3,202
calories per capita per day for the developed countries and 2,601 calories for
the developing countries (the 15 former Soviet republics are in neither of
these groups). By column 2, food intake in the northern republics was between
the values for the developing and the developed countries, while the population
in the southern republics ate less than the average of the world’s poor de-
veloping economies.

D. Economic Environment and Factors Affecting Recovery
We turn now to examine the economic environment and the factors that may
have affected agricultural development in the 15 former Soviet republics. The
immediate effects of the traumatic changes in 1990–91 are recorded in columns
1–3 of table 6; the subsequent years are a period when recovery, or at least
mitigation of the initial decline, could be expected to take place (this period
is reflected by the rest of the columns in table 6).

The first question we ask is whether the recovery was affected by the
productivity of agriculture in the Soviet republics before 1991. Except for
Armenia and Georgia, countries that shifted to individual agriculture while
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recovering from natural disaster and war devastation, the southern republics
registered reduction in productivity (col. 7 in table 6). The more productive
agricultural sectors in the northern countries recovered more than the relatively
less efficient sectors.

Republic coefficients from the pooled regression 2, utilizing data for both
the northern and the southern countries for the pre-1990 period, are presented
in column 8 of table 6. Productivity in the southern republics was estimated
to be substantially lower than in the northern ones. Comparing to column 7
in the table, we see that, in general, countries that showed relatively high
performance in the pre-1990 era (as judged by the republic dummies) reg-
istered productivity improvements after 1992 (the Baltics). The underper-
formers from the pre-1990 period (the central Asian countries) registered
continued productivity declines after 1992. The core republics retained their
middle-of-the-road position in terms of performance and productivity after
1992. As indicated above, and also below, Georgia and Armenia were special
cases.

Each of the 15 new independent states modified to a different extent the
economic structure of collective agriculture inherited from the Soviet Union.
Columns 3 and 4 in table 7 report the percentage of agricultural land in
individual use and the share of individual agricultural production for 1997
(the last year for which such data are available). Individual agriculture in the
former Soviet Union increased significantly after 1991 as a result of land-
reform and farm-restructuring programs. Today, individual agriculture com-
prises three components: (1) small household plots of rural residents on cor-
porate farms (former kolkhozy and sovkhozy), (2) plots cultivated by urban
residents near cities, and (3) new individual farms outside collective or cor-
porate enterprises. The first two groups are traditional components that sur-
vived throughout the Soviet era. Most of the output of the individual sector
comes from the household plots of rural residents, which average less than 1
hectare.

The individual sector produces large shares of food output on small land
areas. Thus, in Russia, the share of land in the individual sector is 11%, while
the share in production is 55%. These gaps in the shares of land and production
are attributable to the specialization of the individual sector in the production
of high-value products that do not require large tracts of land (the corporate
sector produces mainly extensively cultivated grain and technical crops). These
specialization patterns have increased after 1991. Thus in Russia, the indi-
vidual sector was producing 30% of the vegetables in 1990, and its share rose
to 81% in 1998; in Moldova, the corresponding magnitudes were 8% and
71%.19 Similar changes are reported for the other countries. In addition to
vegetables, the individual sector dominates the production of potatoes, meat,
milk, and, to a lesser extent, eggs. By specializing in high-value and labor-
intensive products, the individual sector could follow low-input farming prac-
tices, particularly avoiding the reliance on machinery and equipment.

Estonia, Lithuania, Armenia, and Georgia individualized land use and
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showed productivity gains (privatization did not help Latvia, though). Southern
countries that have not implemented significant land individualization register
the largest reductions in productivity.

A more general policy indicator is the World Bank’s Europe and Central
Asia (ECA) policy and institutional reform index in column 5 of table 7. This
is a weighted average of scores on a scale of 1 to 10 for policies that affect
the economic environment of agriculture, including trade and price liberali-
zation, land reform, emergence of land market transactions, privatization of
services and supplies, and development of rural finance and public institu-
tions.20 In addition to individualization of land, this index also reflects con-
straints on buying, selling, and leasing of land by individual farmers; these
often preclude transfer of resources to the most efficient producers. The north-
ern countries, especially the Baltics, received comparatively high scores; the
southern countries scored lower. The index is highly correlated with produc-
tivity gains in column 7 of table 6. Thus, implemented policies affected
recovery.

As we have seen, efficiency and recovery involve both production and
use of inputs. A major input is labor. Modern agriculture in the industrialized
countries is characterized by the exit of labor and intensification of the use
of machines and purchased inputs. Agriculture in the former Soviet republics
contracted essentially in all its dimensions; arable land was the only variable
that did not decline (and even here we find an exception: Kazakhstan decom-
missioned large areas of presumably marginal productivity, thus reducing its
arable land resources by about 20% after 1992). We cannot explain all the
changes, but we may attempt to shed some light on labor exit. For labor to
leave, economic remuneration elsewhere must be higher and jobs have to be
available in other sectors. As a proxy for remuneration, we report in column
6 of table 7 the ratio of value added per worker in the nonagricultural sectors
of the economy to value added in agriculture. In the Baltic countries, Russia,
and Kazakhstan, income outside agriculture was substantially higher than in
agriculture; in the other countries, agriculture provided close or even better
income opportunities. The share of nonagricultural sectors in GDP (col. 7 in
table 7) may serve as a proxy for the probability to find employment in town.
This share is higher in the northern countries than it is in the southern ones.
Labor exited from agriculture (cols. 3, 5 in table 6) wherever it was motivated
by higher relative income and by availability of employment opportunities.

These observations raise a question to which we have referred in passing.
As indicated in column 1 of table 6, income fell drastically in all 15 countries,
and the reduction of income probably reflects economic upheavals. One would
expect such changes, particularly if abrupt, to be accompanied by significant
increases in unemployment. Yet the World Bank’s world development indi-
cators show only single-digit rates of unemployment (if at all) in the 15 former
Soviet republics. It is therefore impossible to incorporate unemployment and
its effects in the analysis, but we have to qualify the discussion by noting
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that unemployment and underemployment are hard to measure in transition
economies and that their absence from the official records does not mean that
they do not exist.

IV. Concluding Remarks
The dissolution of the Soviet Union was followed by large changes in the
agricultural sectors of its former republics. These changes must have caused
tremendous difficulties to rural families. As we have seen, the transition was
not realized in the same way in all the republics. In some, labor returned to
agriculture; in others, large numbers left the land. Some republics improved
the efficiency of production during transition; in others it deteriorated. Food
supply contracted slightly in the northern republics but decreased markedly
in the southern group. To a large extent, these differences reflect predetermined
conditions: comparatively fertile land in Europe and harsh desert in the south,
fast growth of Muslim populations, and the relative smallness of the nonfarm
sectors inherited from the Soviet period. However, the public policies of the
new independent states struggling with transition, while constrained by natural
circumstances and past legacies, also influenced the fate of their agriculture.
Early restructuring of laws and institutions in some countries enabled more
efficient adaptation to the new circumstances. This conclusion is offered as
the moral of our story.

Appendix
The data for the productivity analysis of the 15 Soviet republics (tables 2 and 4) were
collected from USSR statistical yearbooks for various years, supplemented, where
necessary, by statistical yearbooks of the different republics. The data for the analysis
reported in table 3 are from Hayami and Ruttan, extended to cover all agricultural
labor (male and female) and the year 1990 using information from the International
Labour Organisation (ILO)21 and FAO.

The variables for the 15 Soviet republics (tables 2 and 4) were defined and
constructed as in Hayami and Ruttan with three major modifications: labor is both
male and female workers; land is arable (pastures are not included); livestock does
not include draft animals. In the southern Soviet republics, irrigated land and dry land
were taken as separate variables. The groups of Hayami and Ruttan countries in table
3 are defined as follows:

Newly settled: United States, Canada, Australia, and New Zealand;
Industrialized: United Kingdom, Switzerland, Sweden, Spain, Norway, Netherlands,

Italy, Ireland, Denmark, Finland, France, Germany (Federal Republic), Greece,
Belgium, Austria, Israel, and Japan;

Latin America: Venezuela, Paraguay, Peru, Argentina, Mexico, Brazil, Chile, and
Colombia;

Egypt�: Egypt, Libya, and Mauritius;
Asia: Sri Lanka, Philippines, Pakistan, India, and Bangladesh;
Others: South Africa, Turkey, Yugoslavia, Portugal, and Syria.
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Water potential and safe yields are generally stated in terms of average
use. Precipitation varies from year to year as can be seen from the 150-year
record for Nablusa in figure 10.3. But not only does annual rain change,
long-term averages also vary. The heavy line in the diagram depicts 25-year
means; the average for the last quarter of the nineteenth century was more
lhan20'k higher than the lowest value that the heavy line hit the average
for the 25-year period prior to 1979. With varying rain, replenishment of
the reservoirs is not stable. Moreover, the changes in the moving ayerage
indicate that water potential may also change from one period to another.

There is a tradeoflbetween average supply and its reliability. With a pol-
icy of regular extraction of large quantities of water, reservoirs are often
low and, since replenishment varies, reliable supply cannot be maintained.
This truism was brought home twice in the last 15 years. once in 1990-91
and again in 1999-2002.Israel is now lacing an acute water crisis into which
the country slid when several dry years followed a period ol over-utiliza-
tion. The crisis caused a public outcry and even panic. And indeed, in
November 2001, the water level in the Lake Kinneret reached its lowest level
in known historys and the aquifers show clear signs of over-drafting; but
the overall picture is not as bad as the public may have been led to believe.

Comprehensive Water Balance

Drawing on Tony Al1an,6 who coined the term "virtual" for water
imbedded in traded food, table 10.1 presents a rough calculation of the
comprehensive water balance of Israel. The information in the table is
based on accepted "norms," not actual data. The norm for average water
needs for food production, including rain, is 1000 msper person per year
(this is a global average, not specific to Israel). Hence, for a popuiation of
6.5 million, water needed for food production is 6,500 Mm3 a year. Adding
normative values for households and industry, total needs are 7,300 Mm3
per year. Rain falling on 400,000 hectares of cultivated land contributes
1,600 Mmr to the balance, 2,000 Mm3 come from natural and other sources,
and my rough estimate is that 500 Mm3 of virtual water are withdrawn in
exports. The available supply is 3.100 Mm3. The gap between the needs and
available water is 4,200 Mm3 per year.

The gap is closed by imported food, grain in particular. Israel imports
3.8 million tons of grain a year. On average, again globally, it takes 1 m3 of
water to produce 1 kg of grain; the imported grain is therefore equivalent
to 3,800 Mm3 per year. For the remainder, and to close the balance, I added
other imports sugar, beef, cereals, dried fruits, and others although I do
not know the water content ofthese products.

The water balance of table 10.1 is just a first approximation and my esti-
mate of local availability was built on optimistic assumptions, but the
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position of the suppliers. Once the government is involved, in any issue,

interest groups arise in an attempt to change public policies in their favor.T

Lobbies are particularly prevalent in democracies but political pressure can

be found everywhere. The two strongest groups in the water sector, the
farmers and the workers of Mekorot, have different interests and attempt
to affect different aspects of policy. (The "greens" form the third group.
They are growing in strength but their effect is still marginal.)

The main interest of the farmers is to get large supplies of water at the
lowest possible price. Water is an important input in agriculture and many
farmers enthusiastically support their representatives in the political arena.

The agricultural lobby is therefore well-organized and acts vigorously in
advancing its case. It is said in Israel that a politician stands firm when
pushed on all sides.8 But, as water is not an economically important item
in the budget of households or in the cost of manufacturing, the farmers do
not face strong opposition and they have succeeded in tilting the policy in
their favor. It must be added, however, that the farm lobby, although still
alive and supported in high places, has lost some of its power in the last

decade or two. The loss can be attributed to the decline of the share of agri-
cultural output and employment in the national economy, as industry and
services expanded, and perhaps also to the growing intuitive comprehen-
sion, by the public, of the realities presented in table 10.1.

Comparatively low prices and large quantities of water allocated to agri-
culture result in two major consequences: (a) the reservoirs are depleted and
supply is put at risk; and (b) economic waste is created in the sense that
water is used in products that cannot cover the real cost of this factor of
production. This is particularly true for "virtual" water in some of the
exports; citrus is an example.

Interest groups, farmers among them, do not adopt the point of view of
the economy at large - they act as "free riders". The farm lobby advocates
expensive expansion of supply to overcome shortage and it is quick to find
patriotic justifications for subsidies to agriculture. The ability of a lobby to
affect policy, the power of the interest group, depends on the environment
in which it operates. Consider a region drawing water from a river and
exhausting the flow, both in regular and in dry years. There is no more
water than what the river carries and, as much as it may try, a political
lobby cannot pressure the authorities to increase allocation. The situation
is different when supply is, as in Israel, from reservoirs. The total amount
of water stored in the coastal aquifer, to take one example, is estimated to
be 18,000 Mm3; safe yield is 250-300 Mm3 per year, less than2okof the
storage. Over-drafting accelerates the accumulation of salts in the aquifer,
but there is no physical constraint to tie the hand of the Water
Commissioner when he, willingly or reluctantly, yields to pressure for more
water.e

Originally, the Water Commission operated from the Ministry of
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The criterion for the allocation of water for consumption and utilization
is efficiency, that is, the maximization of economic welfare from the use of
water. Two management instruments are in use: prices and quotas.
Households and most manufacturers can purchase from Mekorot all their
demand at the established prices. Water in agriculture is allocated by quota
and, in addition, farmers who purchase waterlo pay Mekorot or the
regional suppliers. In principle, quotas are reallocated every year; in prac-
tice, they have not changed much in the last several decades (marginal
changes were made and will be discussed below).

Prices reflect cost. Two major factors have affected cost of water in
Israel: one has been the shift from relatively inexpensive to higher cost sys-

tems and the other has been the rise in the world price of energy since
1974. I start with a sketch of the historical development of cost and
demand in figure 10.4. The diagram is drawn in today's prices; that is, it
does not reflect past changes in the price of energy. The stepwise increas-
ing graph traces my assessment of the cost of water: cost of local supply is
12 US cents per mr, average cost of water supplied via the National Water
Carrier is 35 cents per m3, and cost of desalination is estimated to be 60

cents per m3.rr The graph also traces historical changes of costs in the three
epochs of the development of the water economy of Israel. In the 1950s

and early 1960s Israel was in the epoch of local supply; the National
Water Carrier opened in 1964 a new epoch of expansion, at a higher cost,
from 600 Mmr to 1,550 Mmr ayear. The period beginning from 2004 is the
epoch of desalination.

The lines marked 1960,1970,2003, and 2010 represent demand in these
years. In 1960, a few years after the establishment ofthe State ofIsrael, irri-
gation was not widely practiced and the demand for water was modest.
When the cost to users was 12 cents the quantity used was less than the
potential supply of the time. But it has expanded. In the early years the
expansion was generally due to the introduction of irrigation into areas of
dry farming, and more recently, when the expansion of agriculture has been
slower, most of the increased demand is in urban areas, due to growth of
population. As plotted, the demand of 2003 put Israel in the transition
period, between the epoch of the National Water Carrier and that of desali-
nation. We shall return below to some of the implications of the conceptual
framework of figure 10.4.

The government sets the price that the controlled monopoly Mekorot
may charge; essentiaily it is the same price for all users in agriculture.
Regional suppliers - most of them cooperatives - charge to cover cost. In
the past, the Water Commission operated an Equalization Fund: well
owners and other iow-cost suppliers (who had access to local sources of
water) contributed to the fund. high-cost operators were compensated.
Since Mekorot was the major provider of water to remote and hilly areas,
the company received the lion's share of the accumulated funds.
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The index of real prices of water (deflated by the consumer price index)
is depicted in figure 10.5. The index aggregates prices paid to Mekorot and
to other suppliers. Since 1952 the price of water has increased two and a
half times. But, as the graph clearly indicates, water prices did not increase

markedly in the 1960s when water from the more expensive National Water
Carrier was hrst delivered to the south. Price increases were made politi-
cally feasible by the dramatic rise in energy costs, in the early 1970s. This
observation helps to explain the different experiences of Israel and the

western United States.
It was recently reportedrr that larmers in Central Utah paid 0.7 cents per

m3 while the value of the marginal productivity of water was 2.5 cents per

m3, and the cost of providing the water was 25 cents per m3. Farmers in
California paid 1.2 cents per mr. The American prices are much lower and
the gap between cost and user pay is much wider than the corresponding
values common in Israel. The explanation may lie in the nature of the
supply. Most of the water supplied by the large projects in the Western
United States is captured in dams and moved by gravity. The major compo-
nent ofcost is capital; this is sunk cost (i.e., cost that cannot be recovered)
and, with the conventional accounting practices, it does not figure in the
current public budgets. In contrast, Mekorot elevates water from Lake
Kinneret,215 meters below sea level, close to 400 meters to the hills and
pushes it southwards. Israel's is therefore an energy intensive water projecl
and the agricultural political lobby could not prevent a Treasury burdened
by increasing energy bills from making Mekorot's consumers share in the

cost. Private and regional suppliers were affected by the increasing energy
prices directly, in their electricity bills.

The other graph in figure 10.5 depicts the index of the real prices farmers
received lor products of irrigated agriculture (crops, horticultural prod-
ucts, and flowers). Since the mid-1950s, except lor the decade ofthe 1970s,

the index has shown a downward trend, reflecting developments in world
markets where abundant supply has historically reduced food prices.rl
Farmers in Israel were caught in the scissors action of rising water prices

and decreasing product prices. The consequences are clearly seen in figure
10.6: up to the mid-1980s water used by farmers exceeded the quota (aggre-
gate quota ofthe sector) but, since then, agriculture has used less water than
the quota allowed. True. some farmers may have been limited by the quota,
but lor the sector as a whole. in the last two decades. water was allocated
by prices of water and products and not by the administrative quota.

As indicated earlier, most of the quotas have been stable since the early
1970s. The dips in the mid- 1980s and in i 990 are reflections ol temporary
cuts in allocation to agricuiture wher shortages occurred; particularly
severe was the second crisis. The crisis ol 1999 2002 is still not reflected in
the figure. For many fhrmers. quotas did not change, but not for all. There
has been a persistent increase in aggregate quota throughout the period
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cents per m3. In this way, the urban consumer cross-subsidizes water in
agriculture. There is, however, another way to look at the price structure
and the cross-subsidization it implies. As indicated earlier, all farmers pay
the same price and similarly municipalities pay one price. But costs vary;
farmers in the far south and in the hills pay less than the cost of supply to
their areas, while farmers in the north and center pay more than the cost.
Similarly, Tel Aviv, located on the coast, pays more and Jerusalem, at a
higher elevation, pays less than its specific cost of water provision.
Economic considerations would call for adjustment of prices to cost, but I
cannot see the politician who will survive even a mild support of a rise in
water rates in Jerusalem, the holy capital, relative to Tel Aviv, the city of
business and entertainment.

Economic considerations not withstanding, governments often subsidize
business and other activities. Water is a convenient medium of support; it
carries the subsidy to the end of the pipeline, where costs are relatively high
and farming conditions are harsh. Support of sectors in need is a govern-
ment prerogative but good public housekeeping demands that costs be

calculated properly and subsidies indicated explicitly in the budgets.
General "principles" of one price, which implicitly support some users
more than others, obscure policies and reduce their effectiveness.

Extraction Levies

Another, new form of price isLhe extraction levy, which was imposed in
2000.16 Consider figure 10.4: as the demand for the year 2003 is depicted,
consumers - farmers and others - are willing to pay more for water than
the pecuniary cost of 35 cents per m3. In the diagram, if the price for 2003
is set at 35 cents, the quantity the consumers of all sectors will try to use
exceeds the available amount of 1,550 Mm3. The marginal value of water
to its users is, in the diagram, 45 cents and this will be the equilibrium price
equating supply and demand. The difference between the marginal value
of the water and the direct cost of supply is termed scarcity value. The
extraction levy is set to reflect the scarcity value. If Mekorot is charged l0
cents as the extraction levy for water delivered through the National Water
Carrier, the cost of the company, and the price the consumers will pay, will
be the equilibrium price of 45 cents per m3. The scarcity value of local water
is even higher and so also will be the extraction levy. This is the idea behind
the extraction levy; the tax is calculated to reflect the "scarcity value" of
water. It is imposed on well operators, including Mekorot, and it varies by
region according to specific regional scarcity values. The current rates are
between l0 and 13 cents per m3.

This is not the place to go into a detailed discussion of the pros and cons
olthe extraction levy. but it is appropriate to emphasize that the levy is an
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government finances investment in sewage and recycling projects in munic-
ipalities. This line of support from the state to the locai authorities grew
markedly in the I 990s when the impossibility of enforcing the law requiring
municipalities to collect and treat their sewage was recognized. City
managers found it so much easier to let the waste flow into the nearest
streambed rather than investing in expensive treatment systems.

At the second level, the government supports investment in the adapta-
tion of irrigation to reclaimed water. The cost of adaptation is not
negligible; storage is prepared to keep treated water from winter to
summer, and new networks are constructed to assure that recycled sewage
is not mixed with drinking water. I do not know of assessments of the value
of the subsidies entailed by government support to sewage and recycling
activities, but essentially most of the initial capital outlayi are covered by
public funds. Farmers and their regional cooperatives cannot raise on their
own the amounts needed for these projects on the capital market.

Judged by its size, the Tel Aviv treatment plant with the pipeline moving
its product - high quality reclaimed water - to the Negev in the south is
regarded as a national project and operated by Mekorot. For the other
places, the accepted doctrine has been to encourage local solutions. In most
cases, regional cooperatives take the recycled water from nearby cities.
However, local solutions to the sewage problem raise difficult economic
questions; for example, should farmers pay the cities for the treated water?
or, how can the cities be assured that the farmers will not reduce usage one
day and leave the municipalities with treated water of which they have no
way to dispose? The recognition of these problems was one of thl motiva-
tions for a fresh examination of the national sewage problem in a new
master plan,re a second motivation will be explained below. The examina-
tion will include a comparison of the doctrine of local solutions against the
alternative of a central conduit that will carry treated sewage from the
coastal region to the Negev.

Quality lssues

Several sources add salts to the water reservoirs in Israel; we shall con-
sider two examples. In the north, salty springs flow into Lake Kinneret;
in the coastal area, winds deposit on the ground drops of water carried
from the Mediterranean Sea and the rains drain the salt into the aquifer.
In the past, under natural conditions, when water was not extracted from
the reservoirs, equilibrium prevailed; on average, a certain amount of salt
was added yearly and the same amount was withdrawn. The process was
visible in Lake Kinneret: nearby springs of brackish water added salt to
the Iake and the Jordan River drained it towards the Dead Sea. A similar
process operated under the ground in the aquifers. Under natural condi-
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Commissioner to act in preventing pollution, but strict regulations have not
been enacted as of yet. It seems that the regulator and his advisers are
seeking compromises between the needs of sustainable aquifers and poli-
cies the farmers can live with.

Municipal Water Services

Municipalities get water from their own wells or they purchase it from
Mekorot. They are responsible for delivery to households and businesses
and for the collection of sewage and its treatment. Prices paid by
consumers, including a sewage charge, are set by the government to cover
municipal costs. The price is calculated to cover cost of depreciation and
maintenance components but local politicians - not unlike their colleagues
at higher levels of government - are short-run maximizers; the municipal-
ities neglect maintenance and use the funds saved to finance visible,
aboveground projects. The consequences are obsolete networks, water
losses, and local authorities whose interest lies, not in saving, but in
increasing water use. The government is attempting to privatize municipal
water supply; the model often referred to is Buenos Aires, where a French
company took over the city's water services.2L The change is slow, munici-
palities are reluctant to lose the goose that lays the golden eggs.

Water Markets

By the wording and the spirit of the law, users cannot sell their water rights.
In reality there has always been substantial trade in water, some ol it offi-
cially sanctioned and some without the knowledge of the Water
Commissioner. Moreover, in the cooperative villages (moshavim) the
quota is allotted to the villages, and farmers may buy from the village pool
or sometimes sell to it. Consequently, at present, some farmers have access
to traded water while others are barred from it.

The justification of the official anti-trade attitude was the need to main-
tain flexible policies that can be modif,ied as circumstances change. It was
thought that markets would strengthen the hold of private parties on their
water, and the property rights so created will stand in the way of proper
management ol the resoLlrces. This consideration was somewhat theoret-
ical; in practice, even now, when trade is officially forbidden, stable
quotas are taken as belonging to the larmers and cannot be modified arbi-
trarily ("possession is nine points of the law"). Across the board cuts are
acceptable in emergencies, such as in time of drought. Justly so, prices are
the most efficient instrument ol allocation in regular times but they are
not the right means in emergency situations. It is irnpossible to determine
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Concluding Remarks

In the opening of the survey I expressed my opinion that the basic struc-
ture of the water economy of Israel was sound. The question is: what
changes and reforms are now needed, particularly in view of the current
crisis and the policies that led to it?

The crucial action to take immediately is to reduce sharpiy water supply
to agriculture (this will naturally entail heavy compensation of affected
farmers). There is no other way; the first desalination plant on the
Mediterranean Sea, operating since 2004, adds only 100 Mm3 yearly - less

that 5'k - to the country's water supply. Other plants will be even slower
to come. Unless there is an exceptionally rainy year, following a policy of
mild reductions in water allocation to agriculture will cause severe and
irreparable damage to Israel's water resources. A11 experts agree on the
damage; some assert, however, that the Coastal Aquifer is already lost as

a high quality reservoir and in the future its water will require purification
and desalinization. The aquifer, they conclude, can now be mined to keep
agricultural water use at the current level until desalination in large quan-
tities replaces it.

The mining possibility illustrates clearly the necessity that the govern-
ment (I mean the cabinet, the highest level) becomes involved in the water
economy more than it has been in the recent past (the governments of the
1950s were very much involved). The mining of the Costal Aquifer will have
large financial and political implications and the decision cannot be left to
the administrative level. And this is not the only question of major impor-
tance that the water sector is now flacing. Several other issues are waiting
to be resolved with a long run perspective in mind. This is the motivation
for my suggestion above of management by rule.

Israel has the expertise and the legal and administrative basis to execute
the needed reforms. But the relorms cannot be taken for granted; govern-
ments have short attention spans, and they have to be pushed. The public
and the media will push if they are informed. A great deal of information
on the water economy is constantly accumulating, but most of it is of a tech-
nical nature, not accessible to the public at large. The policy and its
underlying considerations must be made open and explained to the public.

Reforms hurt vested interests; politically they are accepted only in severe
and painful crises. One hopes that the current crisis is painful enough. Once
the sector is reformed, the public discussion of water will be more rational
than it has been to date. This will also open the way for a rational discus-
sion of regional water issues, matters of war and peace in the Middle East
and the subject ofour gathering for this conference.
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Rate Pricing," Natural Resource Modeling (2000): l3(3), 471 92.

15 Cost and subsidy information in this passage is from the budget of Mekorot
Water Co., Ltd. various years.

16 Takdin, Israel laws and regulations. "Water Regulations (Extraction Levies)
2000" (Compact Disk,200i, in Hebrew).
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be.
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A Case Study from 1977 to 2000" (2002): University of California at Davis,
mimeograph.
One possibility is dynamic programming in Markov chains as in Or Goldfarb
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2. METHODS

2.1. An lllustration

In the illustration (Figure l) precipitation is added to the groundwater (replenish-
ment), part of the water is withdrawn for irrigation and the rest is outflow to the
sea. Irrigated water evaporates from the surface of the land and plants and part of
it reaches the groundwater as irrigation return flow. In parallel to the water flow.
salts are recorded in the diagram: concentration in pprn chlorides in parentheses
and a quantity in tons. These magnitudes will be explained below.

2.2. The Algebraic Model, Water and Salt [a]

Quantities in the illustrative model are flows per year. The variables are

Water in MCM Salts. chlorides in tons/v
Replenishment R
Autonomous salts
Irrigation (freshwater) H
lrrigation return flow Z
Outflow to sea Y
Evapotranspiration

As indicated above, salts are added to aquifers from ocean spray, underground
brines, and seawater intrusion. These sources are termed here autonomous since
the amount of salt added to the aquifer in this way is not a function of the quantity
of water used (in the coastal aquifer, in reality, there is also entry of salt from
noncoastal sources in quantities proportional to the water used). Hence, we treat
the replenishment as if it did not carry any salt and write the autonomous amounts
separately. The balancing equations for a reservoir in the steady state are

Condition Balancing equation Equation number

Pricing of Ll'ater ;,:_

:or the sake of the illustration. let us
:er year): replenishment R : 90. aur..r:
\lediterranean Sea I = 30. As indi.
Jentical to quantities leavine the :
e0+0.17H=H+30

Replenishment
----lo----------i>

A uto. salts
(4,500 rons)

Figure l. Cor.;;:

Hence irrigation H = 72, retum t'lo\\

To calculate the concentration of s

steady state, salt added to the aqui:
move to the aquifer with the retui
may be dropped from Equation i. .l
the outflow to the sea as P and uri::

I -i.,
The concentration of salts in the o-
since groundwater is the source oi:
the groundwater will be 150 ppm a_.

To sharpen the intuitive grasp rhi
endogenous variable in the model i:
and consider a slight modification r
the sea is not 30 MCM/Y but 25 \tC
180 ppm chlorides (not 150). \\'iri

A
Ms
Mz
My

E

Water balance
Salt balance
Irrigation return flow
Irrigation return flow

R+Z:H+Y
L+Mr=Mn+M,

Z =0.17H
H=E+Z

Equation I

Equation 2
Equation 3

Equation 4

Equations 1 and 2 describe the entry of water and salts into the reservoir and exit
away from it. The water supply is augmented with the irrigation return flow. Salt
comes from autonomous sources. Equation 3 defines that the return flow is 17%o

of the quantity of water in irrigation (an assessment received from hydrologists).
Equation 4, completes the picture, it separates irrigation water to the part evaporated
and the part returning to the reservoir.
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concentration ofsalt in the aquifer is larger; the larger concentration ensures that,
even with a smaller outflow, all the salt added from whatever sources are flushed
to the sea (180 x 25 : 4,500).

2.3. The Coastal Aquifer

Only salt from autonomous sources entered the aquifer in the above illustration.
and they all left the reservoir with water drained to the sea. Table I lists water and
salt as forecasted for the coastal region for the year 2020. These are the data
incorporated into our empirical analysis to be described below. The natural
sources supplying to the coastal region, 640 MCM, are the coastal aquifer, Lake
Kinneret, and the mountain aquifer, but only the salt carried by the water of the
two last sources are listed in the table-the salts contained in water withdrawn
from the coastal aquifer and used for irrigation above it arejust recycled, they do
not add to the quantity of salt in the reservoir.

As explained above, autonomous sources add salts that are not carried in water.
The forecast is that 393 MCM of effluent will be used above the coastal aquifer in
2020; the salts in the effluent line are the salts added by urban users oi water.
Salts in the water supplied to households and other consumers in town are listed
in other lines in the Table l. water is expected to leave the aquifer in 2020
through two channels, 30 MCM each, one is water withdrawn from the aquifer
and exported to other regions, and the other is drainage to the sea. Repeating the
calculation of the above illustration for the data of Table l, one finds that a stiady
state could be rnaintained in the aquifer's water with salt concentration of 50b
ppm. This concentration is however too high for households and agriculture; the
sustainability of the aquifer cannot rely solely on natural processeslnd salt must
also be removed actively.

Table l. Quantities ofwater and salt in the coastal aquifer,2020 forecast

Water(MCM) Salts (tons chlorides)

Pricingofll.ate, -

2.4. Prices and Extraction Ler ie:

We set price equal to marginal i
price is that they deliver the r.
users of water, in any of the se,
large. With this policy, indir idr
interests but, when doing so. dir
their actions on others. Among
value of water; its corresponding
u'hen sources of water are util,
scarcity value is a marginal cos
additional unit supplied to one i

rvhere the supply was reduced is
providers of water, the extrac:
govemment functions here as th.
since the public is the owner of ri

The marginal cost is determine,
model presented in the Appeni.
and narrower (in others) than ih
incorporates agricultural producr.
paper, but, for simplicity, impon
lrom the region, either to the
formulation of the Appendix. Th:
the value ofagricultural output ,:
of freshwater are the coastal ac-
effluent is used in agriculture. .

urban and agriculture. The urb,
rvater. A given ratio of the u ate:
after treatment, provided as etl'lu
land and identical quantities are :
come from autonomous sources r(
desalination is used to remor e :
marginal cost.

In the low demand case, the col
local aquifer and from Lake Kinr^
by desalination of natural uare:
marginal product of water in ael..
net income), to equal the cost 

"o:

per CM of removing from the ri:
the lake's water. The price farme:
freshwater. the fraction represe::'
wastewater.

Natural sources

Autonomous

Des. seawater

Effluent

Export, freshwater

Drainage to the sea

Return flow

Total

640

225

393

-30
-30
50

1,268

70,200

12,600

4,500

39,300

126,600
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224 O. GoLdfarb and Y. Kislev

In this low demand case, only the coastal water is scarce and has, in the model. a

scarcity value. This value, and hence the extraction levy of coastal water, is equal
to the price of freshwater minw the cost of its withdrawal from the aquifer. No
scarcity value is attributed to the water of Lake Kinneret. The urban sector is seen
in the prograrn as if selling the effluent to agriculture; hence the net price urban
dwellers pay for water equals the opportunity cost, the marginal productivity of
water in agriculture, plus the cost of treating the sewage minus the price farmers
pay for the effluent (recall that only part of the water used in town ends as

effluent).

In the high demand case, seawater desalination is activated and the marginal
productivity of water in agriculture is equal to the cost of desalination plus the
cost of the removal of the (small amount) of salts left in the desalinated water.
Desalinated water is supplied when the other water sources cannot satisfy the
demand. Hence, in this case, the withdrawal constraint in Lake Kinneret is
binding and the scarcity value of its water is positive; it is equal to the marginal
productivity of water at the cost minus the cost of moving the water from the lake.
and minus the cost of removing the salt carried in the Kinneret water. It is
interesting to examine the difference in the cost of the lake's water in the two
demand cases. In the low demand case, the users of water pay for the removal of
the imported salts; the higher salt concentration in the water from Lake Kinneret.
the higher the price of water. In the high demand case, on the other hand, water
users pay the same price whatever the salt concentration in the lake's water is.

3. CONCLUSIONS

The utilization of effluent further augments the concentration by adding salts from
households and industry. A sustainable salt regime can be maintained if slats are
removed from the water resources. A theoretical analysis of pricing of water and
effluent in a sustainable regime for the coastal aquifer in Israel was presented.
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Translated by Yesh Din from the Hebrew publication 
 
 
Water in the Palestinian localities 
 
Since the establishment of the Palestinian Authority Israel has been providing an agreed-upon 
quantity of water to the PA but it is less than the amount requested.  This creates severe 
discrimination: in the West Bank there are Jewish settlements with ample supply and Palestinian 
locations where the water supply is limited and many families are struggling to meet their basic 
water needs.  Yoav Kislev reviews the situation of the water supply to the Palestinians following a 
visit he made to villages in the Jerusalem and Southern Hebron Mountain areas 
 

Prof. Yoav Kislev, Water Engineering – the Israeli Water Magazine, March 2008  

 

A few weeks ago I went with members of the Yesh Din organization to Palestinian villages in the 

Jerusalem and Southern Hebron Mountain areas.  Our hosts told us about a limited and irregular water 

supply: similar information occasionally appears in the press.  The visit made us wonder about the actual 

situation, the policy and the responsibility. 

 

This article is about the water supply; it is not about the condition of the water resources, their ownership, 

international law, the basic right to water and similar questions.  These grave matters have been extensively 

discussed elsewhere.  The information collected about the water supply in this area is not complete and 

comes from the few Israeli sources that were found as well as Palestinian sources.  It should be pointed out 

that most of the Palestinian and other sources upon which this article is based present statistical data 

combined with tendentious and critical arguments.  However, the numeral figures appear to be credible; no 

serious contradictions were found between the figures from the different sources. 

 

Until the interim agreement 

 

In 1967 there were running water systems in only 50 of the 430 Palestinian localities in the West Bank; the 

rest used water collected in cisterns and carried water to their homes in jars and containers.  After the Six 

Day War responsibility for the water economy in the territories was transferred to the Civil Administration 

and the water supply was extended to Palestinian locations and refugee camps (Sherman, 1999, p. 63).  In 

1982 the infrastructure that had been developed was transferred to the Mekorot company, and it provided 

water to the Palestinians and later also to the settlements.  Most of the development occurred in the first 

decade after the war but later too there was a certain growth in the supply to Palestinians. By the early 

1990s about 200 localities were connected to the Mekorot network.  Table 1 presents the expansion: even 

though the population of the West Bank more than doubled, the water consumption per capita in 

households and industry (urban consumption) grew threefold.  There was a similar development in the 

Gaza Strip.  In contrast to that development consumption in agriculture shrank; altogether, the total amount 

of water per capita declined in the Palestinian territories by about one third between the Six Day War to 
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1994 (in Israel too the overall per capita amount dropped because of population growth and a limited water 

supply). 

 

Table 1.  Population and water in the Palestinian localities before the Interim Agreement 
 
 West Bank Gaza Strip 
 1967 1985 1994 1967 1985 1994 
Population 0.6 0.81 1.56 0.48 0.53 0.83 
Households and industry 
Water 6 20 50 5 19 32 
Per capita 10 25 32 10 36 39 
Irrigation 
Water 75 90 70 85 66 75 
Per capita 251 111 45 177 125 90 
All sectors 
Water 81 110 120 90 85 107 
Per capita 135 136 77 187 161 129 
Comment: population in millions; water in million m3; per capita in m3 

Source: Elmusa, 1997, Tables 3.1, 3.2 
 

On September 28, 1995 the Israeli-Palestinian Interim Agreement on the West Bank and the Gaza Strip was 

signed including reference to the water question [the agreement is on the Knesset website: a review and 

critique can be found in B'Tselem (2000) and in all the English language sources in the reference list].  The 

figures in Table 1 are for the period up to the agreement.  Following the agreement the institutions which 

will be described below were created.  Here I will review the water allocation. 

 

Table 2.  Withdrawal from Mountain aquifer at the time of the agreement in million m3 per year 
Aquifer Palestinians Israel Total 
Eastern 54 40 94 
Northeastern 42 103 145 
Western 22 340 362 
Total 118 483 601 
Comment: million m3  
Source: Interim Agreement, 1995 
 

The only groundwater reservoir in Judea and Samaria is the Mountain aquifer; the aquifer has three parts: 

Eastern, Northeastern and Western (also called Yarkon-Taninim).  The Interim Agreement recorded the 

quantities of water from the mountain aquifer available to both sides at the time of the signing and the 

amounts that would be added.  The amounts that Israel produced at the time of signing (Table 2) include 

withdrawal from wells in Israel within the Green Line.  The total amount extracted by the Palestinians 

according to Table 2, 118 million m3 per year (20% of the total) is actually the same quantity stated in 

Table 1 for the year 1994. 
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There is agreement between the two sources; but it appears that both tables ignore the rainwater collected in 

cisterns that still exist in the West Bank. 

 

There are estimates that about a quarter of the households in the West Bank have water cisterns (Klawitter, 

not dated).  I will add the assumption that the average amount collected per year in a single cistern is 50 m3 

and that a household has an average of eight people.  Therefore that source adds on average per capita in 

the entire West Bank up to 1.5 m3 a year.  The overall addition in the West Bank is 3 million m3 a year. In 

addition there are many cisterns in the centers of villages, in institutions and in fields.  Assuming the 

amount of water in those places is equal to the amount in homes the total amount that is thereby added is 6 

million m3 per year. 

 

The Interim Agreement contained the evaluation that the total annual enrichment of the mountain aquifer 

was 679 million m³ a year, whereas the production according to Table 2 is lower; it is only 601 million m³ a 

year.  Accordingly, another quantity was written in the agreement, in addition to the one that appears in 

Table 2, of 78 million m³ a year, that would be developed in the future from the Eastern aquifer.  That 

quantity was supposed to be available to the Palestinians. 

 

Future development was also mentioned in another section of the agreement, "the future needs of the 

Palestinians in the West Bank are estimated at between 70 and 80 million m³ a year."  Also, "to meet 

immediate needs" during the transitional period a total of 28.6 million m³ a year would be made available 

to the Palestinians, including 5 million m³ a year as an additional supply to the Gaza Strip.  The 

"transitional period" to which the agreement applied was defined as a five-year period.  Since it was signed 

12 years have gone by and we have still not reached a final agreement.  What have been the developments 

in the area of water? 

 

Since the agreement 

 

Table 3 provides figures on the supply and consumption of water in the Palestinian localities in 2005.  The 

total amount of water in the West Bank grew since the agreement was signed by 36 million m³ a year 

(Table 3 compared to Table 1).  In the Gaza Strip the growth was greater; likewise, in the Strip as well 

there was a substantial growth in water per capita in households, but in the West Bank that quantity did not 

change since the agreement was signed.  But a distinction needs to be made between the supply of water 

and its use.  The water systems in many Palestinian localities are old and leaky and there is much water 

loss.  In the absence of detailed information, I will assume that the average loss in the Palestinian localities 

is 20% (loss in urban localities in Israel is 10% of water supplied, Dauber, 2006).  Based on that 

assumption use in households is 25 m³ per capita per year (to which we may add 1.5-3.0 m³, my guess 



 4

about the rainwater collected).  In the Gaza Strip the consumed amount according to that calculation is 

about 45 m³ per capita per year. 

 

Table 3.  Population and water supply in Palestinian localities in 2005 
 West Bank Gaza Strip Total 
Population 2372 1390 3792 
Purchase from Mekorot 44 3 47 
From springs 54  54 
From wells 58 157 215 
Total 156 160 316 
Of which for households 75 78 163 
Per capita, m³ 31.6 56.1 43.0 
Comments: population-thousands; water quantities-million m³, except for last row 
Source: various tables in Statistical Abstract of Palestine, No. 7, 2006 
 

Table 4 presents the water supply from Mekorot.  The figures in the last two tables about the supply to the 

Palestinians are not identical but the differences are small.  The supply to the Jewish settlements in 2005 

was 37.8 million m³ per year; the total Mekorot supply to the West Bank during that year was 78.1 million 

m³.  According to the Palestinians, Mekorot derived from drilling in the West Bank some 50 million m³ a 

year. 

 

If that figure is correct, Mekorot provides the West Bank, from the area within the Green Line, and to the 

Jewish and Palestinian settlements, about 28 million m³ a year. 

 

In comparison, the total quantity Mekorot supplies a year is about one billion m³ of freshwater and 330 

million m³ of treated wastewater and brackish water (Water Commission, 2006). 

 

Table 4.  Mekorot water supply beyond the Green Line, million m³, 2005 
PA, West Bank 40.3 
PA, Gaza 3.2 
Jewish settlements  
Jordan Valley  
Agriculture 21.7 
Household and industry 1.7 
Judea and Samaria  
Agriculture 2.6 
Household and industry 11.8 
Comments: in 2005 Mekorot also supplied 10 million m³ to the Judean Desert and the Dead Sea.  It is not 
clear how much of that to places in the West Bank side of the Green Line 
Source: Water Commission, 2006 
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Water in Jewish settlements and in Israel 

 

In the West Bank, without the Gaza Strip and without the neighborhoods of Jerusalem, in 2005 there were 

more than 100 Jewish settlements in which 240,000 residents lived (Statistical Abstract of Israel, 2007, 

Table 2.7).  With that number and according to the quantity that appears in Table 4, the average 

consumption per household in the Jewish settlements was 56.3 m³ per capita.  Detailed figures about water 

consumption were only published for 11 settlements (with 108,000 residents) (Dauber, 2006).  For them, 

the per capita consumption for residential and urban consumption (including institutions, workshops, 

offices and so on) is provided in the first line of Table 5.  If these features are applicable to all of the Jewish 

settlements, throughout the West Bank in 2005, then residential consumption was 12.3 million m³ and 

urban consumption was 17.7 million m³.  The figures in Table 4 are lower. 

 

Table 5.  Water consumption in Jewish settlements and in Israel, m³ per capita for 2005 
 Residential consumption Urban consumption
11 settlements in the West Bank 51.2 73.9 
Cities and towns   
Jewish and mixed  59.7 86.4 
Minorities 52.2 65.2 
Local councils   
Jewish places 71.3 95.1 
Minorities 50.0 63.4 
Comments: 
a. The mixed cities are Jerusalem, Haifa, Tel Aviv-Jaffa and others 
b.. The figures for cities, towns, and local councils also include the figures for the 11 settlements in the first 
row 
c. The figures in the table are net of water loss 
Source: Dauber, 2006 
 

Table 5 contains for comparison figures about the per capita consumption in all of the municipalities and 

local councils in Israel (including the ones in the occupied territories).  The fact that the per capita 

consumption in the 11 settlements is lower than the equivalent figure for all localities in Israel results from 

the fact that in the settlements in the West Bank there are less gardens and parks and the families there are 

larger (in large families the per capita consumption is relatively small). 

 

As Table 4 shows, in the West Bank there is also Jewish agriculture.  The biggest concentration is in the 

Jordan Valley but there are also orchards in the Gush Etzion area and in recent years there has been a 

planting boom in other settlements as well, in many cases of olive trees and grapevines.  In the Jordan 

Valley the water supply for agriculture in 2005 was 21.7 million m³ (Table 4).  I only found detailed figures 

for 1999 (Ministry of Agriculture, 2001).  At the time 4049 people resided in the Jordan Valley 

settlements.  They cultivated 40,000 dunams and used 38 million m³ of water.  That amount represents 950 

m³ per dunam per year.  The Palestinian Authority in the West Bank had, according to Table 3 (in 2005) 81 

million m³ of water for agriculture and industry.  Industry includes stone mills which consume substantial 
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quantities of water and agriculture includes watering of animals, vegetable plots and small greenhouses 

here and there.  But even if we ignore industry, the average is 58 m³ per dunam per year, less than 1/10 of 

the quantity per dunam available to Israeli farmers in the Jordan Valley.  Most of the Palestinian 

agricultural areas are cultivated by dry farming and do not use irrigation water.  The agriculture is dry 

because it does not have water. 

 

The water systems 

 

The 1995 Interim Agreement divided the West Bank into three areas of control: A - Palestinian civilian and 

military control; B -Palestinian civilian control and Israeli military control; and C - Israeli civilian and 

military control.  "Powers and responsibilities in the areas of water and sewage in the [entire] West Bank 

referring to Palestinians only" were discharged to the Palestinians.  Following the agreement two main 

Palestinian bodies now operate in the area of water.  One is the Palestinian Water Authority, which is 

parallel to our own government authority.  It is responsible for the resources and water allocation in places 

where it has the power to decide.  The other body is the West Bank Water Department.  That is a unit that 

was transferred from the Civil Administration which continues to pay its salaries; it operates Mekorot 

facilities and supplies water to the Palestinian localities and in certain cases to Jewish settlements as well.  

On the ground the water department is completely subordinate to Mekorot's instructions.  It is independent 

in three areas: formally it is the party that buys the water from Mekorot; in places where the hookup to 

Mekorot is for a cluster of villages, the water department allocates the quantity between the consumer 

villages; it is required to collect the fee from those villages. However, the quantity bought from Mekorot is 

only one third of the general supply in the West Bank (Table 3).  In many towns and villages the water 

supply is under the responsibility of the local councils, which operate wells or buy water from other sources 

(Selby, 2003, p. 161, describes the water system in Hebron and its environs).  The Interim Agreement also 

established a Joint Water Committee for Israel and the Palestinian Authority.  The Committee is 

responsible for the resources and supply throughout the West Bank and its functions are similar to those of 

the Government Authority in Israel (the former Water Commission).  The Committee has an equal number 

of members from each side and all of its decisions are made by consensus; that means each side can veto 

the proposals of the other.  The representatives of the parties on the committee are the directors of the water 

authorities, ours and the Palestinian Authority’s.  The Committee discusses resource allocations, and it 

grants production or construction licenses for water and sewage plants.  Both the Palestinian and the Israeli 

side have raised claims that despite the formally equal structure both sides do not have equal power in the 

Committee (Selby, 2000, p. 113, brings the Palestinian charges of Israeli aggression; Sherman, 1999, p. 

102, explains that the Palestinians who sit at the top of the reservoir can stop vital Israeli plants in the 

committee). 
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According to the agreement, the Palestinians pay the "real cost" of Mekorot water.  That cost is computed 

at the plants that provide water to the occupied territories, including transmission to the localities.  The 

price of water calculated that way is similar but not identical to the price local councils in Israel pay for 

Mekorot water (in the Jordan Valley f the price is lower).  Again, from Mekorot's point of view, the water 

supply at the entrances of the Palestinian local councils is to the West Bank Water Department, and that is 

the body that should be collecting the fees from its customers.  Actually, the Palestinian local councils have 

trouble collecting fees from the residents and even if they succeed the money is not always transferred to 

the Water Department; it, in turn, does not pay Mekorot.  Therefore, Israel offsets the water debts from the 

tax money collected in Israel and routinely transferred to the Palestinian Authority.  Mekorot receives what 

it deserves from Israel's Treasury.  Since the agreement was signed the sum that was offset against water 

debts reached more than NIS 450 million (quote from Fadel Qawash, director of the Palestinian Water 

Authority, IMEMC NEWS, 2007).  (A similar offsetting of different sums was also made for sewage that 

flows into Israel and against arrears in payments for electricity).  The West Bank Water Department is 

pressing its localities to improve their payment regime and sometimes even cuts off the supply, just as the 

local councils also try to collect from their residents (PHG, 2006, p. 19).  But success is rare.  This puts the 

Palestinian Authority on the horns of a dilemma: every addition of water it manages to receive from 

Mekorot for its villages will be at the expense of the authority’s own money. 

 

As opposed to our Water Authority, which is only an overseeing and regulating body, the Palestinian Water 

Authority also invests in plants and develops water systems, mostly with donor funding.  Since the Interim 

Agreement the Authority increased the water supply to the residents by more than 12 million m³ a year 

(Messerschmitt, oral communication).  But that activity often comes up against professional and 

administrative difficulties, competition between donor parties and even disputes and conflicts between 

Palestinian local councils and between them and the Water Authority (Selby, 2003, p. 157). 

 

Reports about the water problems in the occupied territories come with extreme criticism; for instance, a 

British researcher (Selby, 2003) begins his book about water with a description of Operation Defensive 

Shield as a cruel and destructive operation, and the subtitle of a report by the Palestinian Hydrological 

Group (PHG, 2006) is "Israel's continuous assault on Palestinian water, sanitation and hygiene during the 

intifada."  Neither report mentions, even by a hint, the events that preceded the operation and the tightening 

of military control in the occupied territories.  The arguments made by Palestinian and other writers against 

Israel regarding water itself are also many and varied: among them is that the Mountain aquifer completely 

belongs to the Palestinians and Israel must stop withdrawing from it, as well as from the wells west of the 

Green line; that the IDF deliberately destroys water and sewage facilities and soldiers shoot at water tanks 

on rooftops of houses; that the checkpoints obstruct the movement of water tankers and repair crews; 

settlers harass Palestinian systems; the prices Israelis and settlers pay Mekorot are subsidized while the 

Palestinians have to pay the full price; the Civil Administration blocks cisterns (yes, I saw) and on and on.  
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On the other hand, Israel criticizes the lack of Palestinian willingness to cooperate even when cooperation 

is offered and reports of water theft and disregard, both in the Palestinian towns and villages and from 

Mekorot's carrier pipes.  As I wrote at the beginning of this article, I am not going to discuss those issues 

here.  I refer only to the water supply; it is limited, in three ways. 

 

The first way is that Israel, at the Joint Water Committee, prevents the development of Palestinian water 

resources wherever such development may be detrimental to the amount of water available to us.  The 

second way is that there are still 220 Palestinian localities with 215,000 residents (about 10% of the 

population) which are not connected to any running water systems (B'Tselem, 2000).  Their water supply is 

from collection in cisterns and provided by tankers.  The third way the water supply is limited is that the 

supply to the localities connected to Mekorot is limited, disrupted and irregular.  This is done by several 

methods: for instance, in two places there are reports of storage tanks that jointly supply water to Jewish or 

Israeli settlements and to Palestinians.  The pipe going to the Palestinians is attached higher than the pipe 

going to the Israeli customers.  Thus, when the flow is limited or consumption is high, supply to the Israelis 

may continue while to the Palestinians it is disrupted. (Selby, 2003, p. 88 describes a tank in Hebron; PHG, 

2006, p. 22, reports a similar arrangement at Har Adar.)  In other places the line to the Palestinian 

settlement goes through a small diameter pipe segment and the flow is limited (in one place I saw a 1 inch 

pipe; it was replaced after a visit by Yesh Din and a request from our Water Authority); another way to 

reduce the flow is to insert in the line to the Palestinian village a reduction valve (PHG, 2006, p. 22); in 

some villages pressure regulators were installed, preventing the water from reaching high places.  Stopping 

the water supply for hours or days is another simple solution; there are places where it is reported that water 

flows for only a few hours a week and even less.  In such cases the Palestinians themselves assign the 

limited supply inside the village to homes or neighborhoods so that at least once in each period water will 

reach every household.  The residents collect water in tanks or cisterns; and supplementary supply comes in 

water tankers, when it comes, and at prices that are much higher than the price of water in the pipe. 

 

For balance it should be noted: it is likely that even if the Palestinian demands were fulfilled as requested 

and the water reservoirs and systems were handed to the Palestinians, the water supply would still be far 

from perfect for a very long time.  The economy of the territories is poor and the residents are not used to 

paying for services.  The areas under PA control are disconnected from each other.  Local political forces 

often have more power than the overall authority.  Even with the generous help of donors there would not 

be a Mekorot company in the West Bank any time soon nor would an inter-regional system be created that 

would guarantee a credible and plentiful flow at every place and to every household.  Nor do such systems 

of rich economies exist in all the neighboring countries; many families in Amman receive water only once 

a week (http://www.water-technology.net/projects/greater_amman) nor is the water supply in Damascus 

complete (http://www.irinnews.org/report.aspx?reportid=61878) (major investments are supposed to 
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improve the situation in both cities).  Does recognition of those limitations absolve us of responsibility for 

the water situation in the occupied territories? 

 

Summary 

 

For our purpose the period since the Six Day War can be divided into three parts: the ten years after the war 

were a period of development and expansion of services to the population of the territories.  In the second 

period, the 18 years from the late 1970s (and change of government in Israel) to the Interim Agreement, 

services to the Palestinians were not increased and the expansion of infrastructures was mainly meant to 

guarantee the water supply to the growing Jewish population.  Since 1996, in the third period, we are 

operating in the framework of the Interim Agreement.  Now I will offer a summary of the last period; it will 

be on two levels, political and personal.  On the political level, the Interim Agreement was signed for five 

years but 12 years have gone by and it has neither been replaced nor changed.  The agreement stipulated 

the immediate addition of 23 million m³ a year to the Palestinian localities in the West Bank and an 

additional 78 million m³ from the eastern Mountain aquifer. 

 

Between the period of Table 1 to the period of Table 3 the quantity of water in the West Bank grew by 35 

million m³, so that the immediate quantity was indeed supplied and supplements are occasionally given to 

places with a severe shortage.  However, the additional withdrawal from the eastern Mountain aquifer was 

only partly realized.  The explanations I found for the partial realization are the especially high cost of 

production from that source and the high salinity of that water.  Some also doubt the Interim Agreement’s 

estimates as to the amount of water that can be produced from the eastern reserve (Scarpa, 2006; Selby, 

2003, Ch. 5). 

 

As for the Gaza Strip, the agreement does not state the amount supplied from Israel to Gaza before the 

agreement, so that I do not know whether the quantity of 3 million m³ from Mekorot in Table 3 is part of 

the quantity of 5 million m³ referred to in the Interim Agreement or whether that quantity was already 

supplied before it. 

 

As to the personal level.  On average, the amount of water per capita in the Palestinian localities in the 

West Bank does not reach 60% of the quantity consumed by the Jewish settlements in the same area; and if 

we take into consideration water loss the level is even lower.  But the average occludes differences between 

the places: some, as mentioned, are not connected to a central system and in many others the supply is 

limited and disrupted.  Were water consumption in the Palestinian households free, as it is in Israel, the 

amount consumed would be higher and it would also grow as the population grows, even if all of the 

families had to pay the full price of water.  Tanker water is much more expensive.  (If water consumption 

in the West Bank was at the level accepted in the Arab localities in Israel, 50 m³ per capita per year, the 
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overall quantity would be 45 million m³ a year greater than the quantity consumed today.  It is likely that 

some of the additional quantity would come through Mekorot lines and some by our giving up joint 

resources in the Mountain aquifer).  But Mekorot's water regime is not the private caprice of the company 

and the position of our representatives in the Joint Water Committee is no accident; they reflect State 

direction.  Apparently, although I did not see this in writing, it is the State's view that the Interim 

Agreement was fulfilled, even in access, and there is no need for us to help with additional quantities of 

water.  The technical difficulties Mekorot poses and the restrictions we impose on the committee were 

intentionally made in order to limit the supply to the residents of the territories. 

 

But the State of Israel did not only sign the Interim Agreement, it also controls the territories.  In the areas 

it controls a growing number of Jewish residents live, who receive a free water supply, to households, 

gardens, public parks, swimming pools as well as agriculture -- as well as Palestinians, to which the supply 

is limited and irregular.  That is clear-cut discrimination and it is our responsibility. 
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A SUSTAINABLE SALT REGIME IN THE ISRAELI 
COASTAL AQUIFER 

 
 

Or Goldfarb and Yoav Kislev∗ 
 
 
 

ABSTRACT 
 

Water utilization, particularly in dry areas, augments the accumulation of salts in 
soils and groundwater. This chapter reports a study of the economic aspects of 
maintaining sustainable salt concentrations in the reservoirs and in water supplied to 
agriculture and urban consumers. The study has two major purposes, to stress the need to 
remove salts, an expensive process, and to point to the water sources from which salts 
should be removed. The analysis is of the Coastal aquifer in Israel and the area above it 
and on data forecasted for the year 2020. The total amount of salts that can be expected to 
reach the coastal region in that year is 120,000 tons chlorides; the same quantity has to be 
removed yearly for a sustainable salt regime to be maintained. A third, perhaps even half, 
the salts imported to the region will be removed in the natural outflow to the sea or in 
water exported to other regions, as fresh or recycled water. The rest, tenths of thousands 
tons per year, will have to be removed actively. 

The study is done under simplifying assumptions and it should be taken as a first 
step. A more detailed analysis will incorporate additional hydrological and engineering 
considerations and perhaps also other sources of contamination. But it seems that the 
major conclusions, on the need to remove the salts and the efficient way of doing it, will 
not be modified significantly. 
 
 

A. INTRODUCTION 
 
Israel has three major water reservoirs: Lake Kinneret (the Sea of Galilee) in the north, 

the Coastal aquifer along the shore of the Mediterranean Sea, and the Mountain aquifer 
further east, partly under the hills of the West Bank.1 Most regions of the country are covered 
by a grid of pipelines connecting water sources with areas of utilization. The major conduit is 
the National Carrier moving water from Lake Kinneret to the central and the southern regions 
of the country. The coastal region, the focus our analysis, receives water from all three 

                                                        
∗ Or Goldfarb is with the Water Authority, Israel, and Yoav Kislev is a Professor Emeritus at The Hebrew 

University, Israel. 
1 For a survey of the water economy of Israel, see Kislev (2006). 
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reservoirs—Kinneret, Mountain, and the Coastal aquifer itself. It is expected that in the future 
it will also receive desalinated seawater. The water is supplied to the region’s urban centers 
and agriculture.  

The reservoirs are replenished yearly by precipitation: rains and some snow in the 
Kinneret’s watershed drain into the lake in rivers and springs and the aquifers are fed with 
rainwater falling directly on the land surface above them. The replenishing water carries salts 
to the reservoirs, in Lake Kinneret from salty springs, and in the aquifers from ocean spray. 
Additional sources of salts are underground brines and seawater intrusion. As a result, the 
water stored in the reservoirs contains significant quantities of salts. Irrigation with water 
imported to the coastal region from Lake Kinneret or the Mountain aquifer adds further 
amounts of salts. 2 Another source is effluent: salts used in households and manufacturing are 
carried in the sewage and increase the mineral concentration of the effluent.3 They are added 
to the groundwater wherever crops are irrigated with effluent. The salts are harmful to soils 
and crops and also, when their concentration is large, to households and industry. Hence the 
need to halt their accumulation. 

Salts also leave the reservoirs—in water outflows. From Lake Kinneret with the water 
drained to the Jordan River and pumped into the National Carrier and sent southward. As a 
result, salt concentration in the lake’s water is stable (the stability is stochastic, reflecting 
fluctuations of the precipitation).  

In the past, before the development of intensive agriculture, the concentration of salts in 
the aquifers was also stable: all the replenishment water left the aquifers, either in springs or 
under the ground through the seawater-freshwater interface; in this way salts entering the 
reservoirs were flushed away and minerals did not accumulate. Irrigation modifies this 
equilibrium: most irrigated water evaporates, either directly or through the plants, and the 
natural outflow from the aquifer is then reduced. Unlike water, salts do not evaporate; they 
remain on the surface of the land or in the subsoil and are carried back into the groundwater 
with rainwater and irrigation return flow. Consequently, minerals accumulate in the aquifer 
wherever irrigation is practiced. In the coastal aquifer, as indicated above, the accumulation is 
augmented with salts imported with water from non-coastal sources and salts added to the 
effluent. 

The future will see two parallel but opposing processes in the water economy of Israel. 
The first will be an increased provision of freshwater and effluent; the added freshwater will 
be mainly desalinated seawater (the first large scale desalination plant commenced operation 
in summer 2005) and the quantities of the effluent will grow as the population and urban 
water use increase.  

The second process will be active removal of salts. The increased supply of freshwater 
answers needs created by expanded population and growing demand; the removal of salts is 
necessary for the sustainability of the reservoirs.  

Actually, there are two alternative policy options in reaction to the accumulation of salts. 
One, let salts accumulate in the aquifers and replace gradually water from natural sources 
with desalinated seawater. The second option is to remove actively the salts and maintain a 
sustainable water economy of natural water. This article is about the second option but toward 

                                                        
2 Salts are not the only pollutants of the aquifer. Mercado (1980) discusses nitrates and chlorides and many more 

pollutants have been found in the water since his writing. 
3 Households include, in the terminology of the water sector, family dwellings and also places of commerce, 

workshops, hotels and other water users in the urban sector. 
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its conclusion we also indicate that the first option, neglecting the reservoirs, is not efficient 
economically.  

Our analysis is limited to the Coastal aquifer and we examine alternative salt 
concentrations and compare the cost of these alternatives and cost of alternative ways of salt 
removal.  

Under the assumptions of the analysis and with the information at our disposal, our main 
conclusion is that the efficient alternative is to remove the salts by desalination fresh water 
from natural source (particularly from the Coastal aquifer). However, even if the removal of 
the salts is conducted efficiently, it will increase significantly the total cost of the water 
economy of the country. 

 
 

B. ASSUMPTIONS 
 
We are not the first to deal with the accumulation of salts and the need to remove them.4 

But earlier studies did not examine alternative ways to treat the salts and did not consider the 
economic implications of these alternatives. We are expanding the analysis. 

The forecast for the area west of the water divide of Israel is that by the year 2020 total 
water supply will be 2,206 MCM/Y and of those 1,135 MCM/Y from natural sources (fresh 
and saline), 621 MCM/Y effluent, and 450 MCM/Y desalinated sea water. 5 Salts added are 
expected to reach 272,000 tons per year from natural sources and effluent and 9,000 tons 
from desalinated water (the concentration of salts in the desalinated water is 20 ppm of 
chlorides).6  

It is expected that 126,000 tons chlorides will be added in 2020 to the Coastal aquifer. 
The analysis is based on a set of simplifying assumptions to be described below, we shall 
remark on several of the assumptions at the conclusion of the article. 

The movement of water in the coastal aquifer is slow and the reservoir is therefore often 
visualized as made of separate cells. Still, for simplicity, the aquifer is taken here as if it was a 
single cell reservoir into which all the salts deposited on the surface of the land are drained 
with rainwater and irrigation return flow.  

We assume complete mixing of the salts with the water in all the active volume of the 
aquifer. It is reasonable to expect changes in the coastal region after 2020: there will be 
expansion of the supply of both desalinated water and effluent, and the area covered with 
buildings will increase; the amount of salts added to the aquifer will therefore also increase. 
However the additional quantities will be relatively small and therefore, and for simplicity, 
we are conducting the analysis for constant quantities of water and salts; in other words, the 
analysis is conducted for a steady state. 

A steady state is a characterization of a sustainable system and its implication here is that 
at any time, year in and year out, the same quantities of water and salts are added to the 
aquifer and identical quantities leave the reservoir.  

                                                        
4 Hebrew references will not be quoted in the paper; they can be found in Goldfarb and Kislev (2002). 
5 Water units are: CM cubic meter, MCM million CM, and MCM/Y MCM per year. 
6 The most prevalent salt in the water is table salt (sodium chloride). Sodium is the element causing most damage, 

but it is more convenient to test for chlorides. The unit of measurement is ppm, parts per million. It is useful to 
remember that one ppm is one ton per MCM. 
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There is no accumulation, negative or positive, of water or salts. Because of the 
stochastic nature of the precipitation and other factors, even if a steady state prevails, it will 
be a stochastic steady state: the quantities entering the aquifer and the quantities leaving it 
will not be identical every year; the equality will be maintained only for the average. But, at 
this stage, we are disregarding the between years variations, and conduct the computations as 
if the years were identical. 

 
 

C. MODEL I 
 
This section of the chapter opens the conceptual discussion of the study with agriculture 

as the single water-using sector. Expanded models are introduced below. The models are 
presented in the chapter as diagrams, in algebraic terms, in equations, and in balanced tables.  

In Model I (Figure 1.1) precipitation is added to the groundwater (replenishment), part of 
the water is withdrawn for irrigation and the rest is outflow to the sea. Irrigated water is 
evaporated from the surface of the land and through plants and part of it reaches the 
groundwater as irrigation return flow.  

 

 

Figure 1.1. Model I, water flows. 

 
C.1. The Algebraic Model 

 
Quantities in the model are flows per year. The variables are 
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 Water in MCM  Salts, chlorides in tons per year  
Replenishment  R  MR  
Irrigation (fresh water)  H  MH  
Irrigation return flow  Z  MZ  
Outflow to sea  Y  MY  
Evapotranspiration7  E   

 
The balancing equations are 
Water balance 
 
R Z H Y+ = +         (1) 
 
Salt balance 
 

R Z H YM M M M+ = +        (2) 

 
Irrigation return flow 
 

0.17Z H=         (3) 
 
Irrigation water balance  
 
H E Z= +         (4) 
 
Equations (1) and (2) describe the entry of water and salts into the reservoir and exit 

away from it. The water supply is augmented with the irrigation return flow. There is some 
arbitrariness in the division of the salts to the different flows as salts deposited on the surface 
of the land are drained into the subsoil both with rainwater and with irrigation return flow. 
For convenience, we combine in MR salts added with rain (ocean spray), from underground 
brines, and from other sources. All these quantities are taken as salts coming with the 
replenishment. Salts deposited on the surface of the land with irrigation we see as if it was all 
drained to the subsoil with the return flow. Equation (3) defines that the return flow is 17% of 
the quantity of water in irrigation (an assessment received from hydrologists). The last 
equation, (4), completes the picture, it separates irrigation water to the part evaporated and the 
part returning to the reservoir. 

To illustrate the model, let us assume (water in MCM/Y; salts, chlorides, in tons per 
year): replenishment R=90 with salt concentration of 50 ppm; that is, MR=4,500. Groundwater 
outflow to the Mediterranean Sea Y=30. As indicated, entering quantities are identical to 
quantities leaving the aquifer. The balance for water is  

 

90 0.17 30H H+ = +  
hence irrigation H=72, return flow Z=12, evapotranspiration E=60 (Figure 1.1). 

We turn now to the calculation of the concentration of salts in the flows of water in the 
model. In the steady state, all the salts in the irrigation water reach the reservoir; that is 
MH=MZ and therefore MR=MY. In words, all the salts reaching the reservoir leave the aquifer 
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in the water drained to the sea (salts in harvested crops are disregarded). Define the 
concentration of salts in the outflow to the sea as P and write the equality MR=MY 

 

90 50 30P× =         (5) 
 
The solution to the equation is P=150; that is, the concentration of salts in the outflow to 

the sea is 150 ppm chlorides. Also, since groundwater is the source the outflow, the 
concentration of chlorides in the groundwater will be 150 ppm as well, and this will also be 
the concentration of salts in the irrigation water. 

 
 

C.2. The Balance Sheet 
 
The balance sheet (Table 1) summarizes inflows and outflows of water and salts and it is 

ordered in accordance with the construction of equations (1) and (2). However, the quantities 
in the table are only quantities of water and salts added to the aquifer; for example, there is 
exit of salts in irrigation, this exit is not recorded in Table 1 since, by assumption, all salts 
leaving the reservoir in water used for irrigation above the aquifer return to the reservoir—
they are drained, with rainwater and in the irrigation return flow, back into the groundwater. 
Still, because of its significance, we do report in the table the concentration of salts in the 
irrigation water, 150 ppm chlorides. 

 
Table 1. Model I: balance sheet of water and salts 

 
Entry to the reservoir Exit from the reservoir 
 Water Salts Concentration  Water Salts Concentration 
Replenishment 90 4,500 50 Irrigation 72  150 
Irrigation 
return flow 

12   To the 
sea 

30 4,500 150 

Total 102 4,500  Total 102 4,500  

 
 

C.3. Remarks 
 
1. The total quantities of water in Table 1, 102 MCM/Y on each side of the balance 

sheet, are sums of flows. These values are larger than the quantity of water utilized in 
the model economy (72 MCM/Y). 

2. The concentration of the replenishment, 50 ppm chlorides, is not rainwater 
concentration; it is an artificial average, the ratio of salts coming from several 
sources to the volume of the replenishment. 

3. In the model and in the steady state, the flows of water and salts come and go year in 
and year out. In reality, the salts move through the subsoil slowly and therefore salts 
added to the groundwater in a certain year were deposited on the surface of the land 
several years beforehand. In the steady state, a given quantity of salts is deposited on 
the land every year (4,500 tons in model I) and an identical quantity is added to the 
groundwater.  
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4. The replenishment and the withdrawal determine simultaneously, in the steady state, 
both the outflow to the sea and the level of the water table in the reservoir. A 
comprehensive model would therefore have included equations determining the 
quantity of the outflow to the sea. Here we assume, for simplicity, given quantities of 
replenishment and withdrawal and hence also a given outflow to the sea.  

 
 

C.4. Intuition 
 
For an intuitive grasp of the concept of the steady state it is useful to notice that the 

endogenous variable in the model is the concentration of salts in the groundwater. The 
following three examples should clarify. 

Example 1. Assume that exit of water to the sea is not 30 MCM/Y but 25 MCM/Y. The 
solution of equation (5) will now be 180 ppm chlorides (not 150). With a smaller quantity 
flowing to the sea, the concentration of salts in the aquifer is larger; the larger quantity 
ensures that, even with a smaller outflow, all the salts added with the replenishment are 
flushed to the sea (180*25=4,500). 

Example 2. The calculation of the steady state can be reversed to compute the quantity of 
salts added to a reservoir. We do it for the entry of salts to Lake Kinneret. Chlorides 
concentration in the lake has been, for the past several decades, approximately 230 ppm; 
outflow to the river and the National Water Carrier is 418 MCM/Y. This means that on 
average 96,140 tons of chlorides exit the lake annually. Assuming a steady state, the annual 
entry into the lake is also 96,140 tons chlorides.  

Example 3. Here we are returning to Model I and its arbitrary data; we shall exhibit 
dynamics, examine the first stages of the move from a given initial condition to the steady 
state. Assume that the initial sate is an aquifer with chloride concentration of 100 ppm, the 
total volume of the aquifer is 300 MCM. All other data are as in Model I. 

The quantity of salts entering the aquifer this year (as in any year) is 4,500 tons. The 
quantity leaving in the outflow is 3,000 tons (30 MCM with a concentration of 100 ppm). 
Consequently, the net addition to the aquifer in this year is 1,500 tons; this addition increases 
the chloride concentration to 105 ppm. The quantity of salts entering next year will again be 
4,500 tons. Exit will be 3,150 tons (30 MCM times 105 ppm). Hence the quantity added to the 
groundwater will be 1,350 tons chlorides and its concentration will reach 109.5 ppm. In this 
way the reservoir will converge gradually to the steady state in which chloride concentration 
in the groundwater is 150 ppm. 

The last example demonstrates that the volume of the reservoir (the active volume) 
determines the rate of convergence toward the steady state; it does not affect the steady state 
itself. This is why the volume of the aquifer did not appear among the variables in Model I 
and its steady state analysis. 
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D. MODEL II 
 
Model II is broader than Model I in two aspects: it is real and it deals with magnitudes 

that will serve for the extension of the analysis to the Coastal aquifer—including water use in 
the urban sector, desalination and utilization of effluent—and it also incorporates active 
removal of salts. Figure 1.2 will be explained below; it describes the flows of water and the 
concentrations of salts in the model. The removal of salts in Model II is by desalinating water 
from natural sources (Lake Kinneret and the aquifers) other alternatives will be examined in 
the next section of the chapter. The desalination reduces the quantity of salts in the water, but 
it also modifies the water balance since 10% of the water to be desalinated is removed to the 
sea as concentrate. We assume that this amount will be replaced by an identical quantity of 
desalinated seawater. In this way, there will be in the model (in the year 2020) two factors 
determining the quantity of seawater desalination; one is the aggregate demand for water in 
the country that will be, by forecasts, larger than the supply of water from natural sources; 
part of this desalinated water will reach the coastal region. The second factor will be 
desalination to replace the concentrate of the desalinated natural water. 7  

 

 

Figure 1.2. Model II, water flows and salt concentration. 

                                                        
7 Perhaps it need not be added that, as seawater for desalination is external to the model, its concentrate is not 

replaced. It is only the net quantity that is incorporated into the model’s computations. 
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In the circumstances described above, the magnitudes of the steady state—water and 
salts—will be found in the solution of a system of three equations in three unknowns. We 
term the magnitudes that vary with the solution endogenous variables and those taken as data 
exogenous. The distinction should become clearer once the variables are displayed in tables 
and equations.  

 
 

D.1. Exogenous Variables 
 
Table 2 reports water and salt magnitudes for 2020. The table is divided into three parts: 

natural water is the water from natural sources utilized above the coastal aquifer, in 
agriculture and in the urban sector; included here is water extracted from the Coastal aquifer 
itself as well as water imported from the mountain aquifer and Lake Kinneret. This water 
carries salts that are also recorded in Table 2. Other sources for water used above the coastal 
region are desalinated seawater and effluent. The third part of the table reports water use, 
outflow to the sea, and irrigation return flow (30 and 50 MCM/Y, respectively); for 
simplicity, we assume that these quantities are given. The last two magnitudes in table 2, 
export (outflow) of fresh water and Shafdan effluent, indicate use of coastal water and 
effluent in non-coastal regions. 8 The salts carried with this water will not be deposited above 
the Coastal aquifer and will therefore not return to the reservoir.  

 
Table 2. Exogenous magnitudes in the Coastal aquifer in 2020 

 
 Water Salts added Concentration 
Natural water 
Coast  280 12,600  
Mountain 180 28,800 160 
Lake Kinneret 180 41,400 230 
Total natural 640 82,800  
Other sources 
Desalination (seawater)  225 4,500 20 
Effluent 393 39,300 100 
Other variables 
The urban sector 655   
Irrigation (fresh water) 200   
Outflow, to the sea 30   
Irrigation return flow 50   
Export, fresh water 30   
Export, Shafdan 160   

Remark: water in MCM, salts in tons chlorides per year, concentration in ppm chlorides. 
 
Water imported adds salts to the Coastal aquifer. For example, salts concentration in the 

water of the mountain aquifer is 160 ppm chlorides; multiplied by 180 MCM, the imported 

                                                        
8 Shafdan is the Dan (Tel Aviv) region wastewater reclamation project. Its effluent is delivered to the Western 

Negev; 100 km and more south of Tel Aviv. 
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mass is 28,800 tons chlorides. For the Coastal aquifer, water withdrawal and used in the 
region is forecasted to be 280 MCM. It is estimated that salts added from various sources will 
be 12,600 tons chlorides. The concentration cell is left empty for the Coast row in the table 
since the entry of these salts into the aquifer is not a function of the quantity withdrawn. Salt 
content in the aquifer’s water is today close to 200 ppm. This magnitude does not appear in 
Table 2 either as the use of the aquifer’s water above the reservoir does not add to the 
reservoir’s mass of salts. 

The forecast is that by the year 2020 the use of desalinated seawater in the coastal region 
will reach 225 MCM/Y and this is the magnitude recorded in Table 2 as an exogenous 
variable. The quantity of effluent was calculated as 60% of the water utilized in urban sector. 
The concentration of salts in the desalinated water is 20 ppm and 100 ppm chlorides are 
added in the effluent (added to the background water, to the water supplied to households and 
manufacturing). The quantities of salts and their concentrations for the section of Other 
variables are not recorded in Table 2 since these are endogenous variables and will be 
determined below.  

 
 

D.2. The Water Sector of the Coastal Region 
 

As indicated, we are examining in Model II a steady state with desalination of natural water 
in the coastal region. The quality goal of the water economy in the model is that fresh water is 
supplied in chlorides concentration of 150 ppm to all the users in the region—households, 
manufacturing, and agriculture. Total supply of water and salts, as reported in Table 2, is 
summarized below. Out of this, the supply of natural water is 630 MCM/Y (640-30-30+50). 

 
 

 Water in MCM/Y  Chlorides in tons per year  
Natural water  640  82,800  
Seawater desalination  225  4,500  
Effluent  393  39,300  
Outflow of fresh water  -30   
Outflow to the sea  -30   

Irrigation return flow  50   

Total  1,268  126,600  
 
 
To determine steady state magnitudes under the above constraints, define 3 endogenous 

variables to be the unknowns in the computation, 
 
The concentration of salts in the natural water, ppm chlorides    Q 
Concentration of salts in the coastal aquifer, ppm chlorides   P 
Desalination of natural water, MCM/Y     D 
 
Turn now to Figure 1.2. Water flows are marked in the diagram by arrows and salt 

concentration is indicated in parentheses wherever appropriate. The natural water is, as in 
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Table 2, water from Lake Kinneret, the mountain aquifer and the water withdrawn from the 
coastal aquifer. (Withdrawal is replenishment minus outflow to the sea and to other regions 
plus irrigation return flow.) The concentration of chlorides in the coastal water is marked P 
and it is an endogenous variable to be calculated below. The water supplied for irrigation and 
the urban sector (households and manufacturing) is natural and desalinated water (the 
quantity of water desalinated for the removal of salts is not recorded in the diagram, it will be 
computed below). In accordance with the quality goal of the water economy, the 
concentration of salts in the water supplied to the urban sector will 150 ppm chlorides. The 
urban sector produces 393 MCM/Y sewage with salt concentration of 250 ppm chlorides (100 
ppm are added to the background water). One hundred and sixty MCM/Y are exported from 
the region as Shafdan effluent, and 233 MCM/Y of local effluent is utilized for irrigation in 
the coastal region. Irrigation return flow to the coastal aquifer is 50 MCM/Y, however all the 
salts in irrigation water, both fresh water and effluent, reach the aquifer. To indicate this, we 
recorded in Figure 1.2, in brackets by the axis representing irrigation return water, irrigation 
water of the different kinds and the corresponding salt concentration. We assume that salts 
reaching households and not leaving in sewage also reach the coastal aquifer. The axis 
representing these salts is marked as percolation. [The water entering households and not 
leaving in sewage does not return to the aquifer; its quantity is therefore recorded in brackets 
(262 is 40% of 655).] 

As the diagram indicates, the desalination for salt removal will be of natural water; as if 
all sources of natural water are mixed to a uniform quality before any part of it is desalinated. 
Other possibilities will be examined below. 

The steady state magnitudes are computed recursively in three equations. In the first 
equation we calculate the concentration of salts in the coastal aquifer 

 
280 45 200 150 233 250 262 150 (270 30 30)

425

P
P

× + × + × + × = + +
=

  (6) 

 
The left-hand-side of equation (6) records the salts entering the aquifer: in the 

replenishment, freshwater irrigation, effluent and percolation. The magnitudes on right-hand-
side are the quantities leaving the aquifer: withdrawals, exported to other regions, and outflow 
to the sea; these quantities are multiplied by the factor P, salt concentration of the steady state 
in the coastal aquifer. By the solution of the equation, the concentration is 425 ppm chlorides.  

In the second equation of the model we calculate the concentration of the salts, before 
their removal, in the natural water  

 
(180 230 180 160 270 425) / 630

293

Q
Q
= × + × + ×
=

    (7) 

 
In equation (7) we have used the concentration of salts in the coastal aquifer (425 ppm) 

calculated in equation (6). By the solution, the concentration of the salts in the natural water 
before desalination is 293 ppm. 

We now calculate the quantity of water to be desalinated in the steady state to remove the 
salts reaching the coastal region 
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160 250 (30 30) 425 (293 20) 126,600

224

D
D

× + + × + − =
=

   (8) 

 
In the steady state, 224 MCM/Y of natural water will be desalinated to maintain the goal 

of supplying freshwater to households, agriculture, and manufacturing with chloride 
concentration of 150 ppm and still remove all the salts reaching the coastal region. (Recall 
that in the wake of this desalination there will be a desalination of additional 22.4 MCM/Y to 
compensate for the concentrate). 

The solution of the three equations was reported here in rounded values, in the following 
calculations we use exact figures. Table 3 summarizes the quantities involved—exogenous 
and endogenous, the latter are underlined. Thus, for example, outflow of 30 MCM/Y to the 
sea flushes 12,741 tons of chlorides. The quantity of salts to exit is determined endogenously 
as it is the product of the quantity of water (an exogenous variable) by the concentration of 
the salts; the latter being an endogenous variable determined in the solution of the steady 
state. In the seawater desalination, the quantity 225 MCM/Y is determined exogenously, but 
the quantity 22 MCM/Y, against the concentrate, is determined endogenously. 

The effluent appears in both sides of Table 3. All the quantity of the effluent produced in 
the coastal region is recorded on the left-hand-side: 393 MCM/Y. On the right-hand-side we 
write separately 160 MCM/Y of Shafdan water exported from the coastal region with the salts 
it carries. The rest, 233 MCM/Y of effluent, will be used for local irrigation. Hence the salts it 
carries do not exit from the coastal region and are therefore not registered on this side of the 
table.  

 
Table 3. Salts and water in the steady state in Model II 

 
Entering the reservoirs Exit from reservoirs 
 Water Salts Concen-

tration 
 Water Salts Concen-

tration 
Coast 280 12,600  Urban 

 
655   

Mountain 180 28,800 160 Irrigation, fresh 200   
Kinneret 180 41,400 230 Outflow to sea 30 12,741 425 
Seawater 
desalination 

225 
(22) 

4,500 20 Export fresh 30 12,741 425 

Effluent 393 39,300 100 Export Shafdan 160 40,000 250 
Irrigation 
Return 

50   Effluent in the 
coast 

233  250 

    Desalination of 
natural water 

(224) 61,118 293-20 

Total 1,308 126,600  Total 1,308 126,600  

Remarks: a. water in MCM/Y, salts in tons chlorides per year, concentration in ppm chlorides. 
b. Underlined, endogenous variables. 
c. Values in parenthesis are not included in the column’s total. 

 
The natural water to be desalinated, 224 MCM/Y, is closed in parenthesis as it does not 

leave the coastal region; the salts carried in this water do exit. The sum total for the water 
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columns, 1,308 MCM/Y, is larger than the magnitude registered earlier (1,268 MCM/Y) as it 
includes here the exported freshwater as well (30 MCM/Y).  

 
 

E. SELECTION OF A SUSTAINABLE ALTERNATIVE 
 
This section examines the cost of 12 alternatives of the sustainable policy. Four are salt 

removal alternatives: 
 
Desalination of natural water as in Model II (for average concentration of all natural water); 
Desalination from a given source of natural water such as the Coastal aquifer or Lake 

Kinneret; 
Desalination of the effluent (the salt concentration of which is relatively high);  
Removal of the effluent to the sea and replacement of the same quantity by desalinated 

seawater. 
 
Likewise, we examine three alternative salt concentrations in the supplied water (for 

households, manufacturing, and irrigation): 150, 100, or 50 ppm chlorides. As will be 
explained below, steady state quantities are maintained in all alternatives. Table 4 reports the 
cost assumptions (in US dollars) for the alternatives to be examined. 

Desalinating the effluent improves the quality of the water supplied to agriculture; 
replacing effluent removed to the sea with desalinated seawater has a similar effect. To bring 
the other alternatives to a comparable water quality, we add in the following examination the 
option of upgrading the effluent; adding tertiary sewage treatment to the secondary treatment 
usually employed. The cost of the option is recorded in Table 4 as $0.10 per CM. 

 
Table 4. Cost of operations 

 
 Cost (US dollar per CM) 
Seawater desalination 0.55 
Desalination of natural water 0.20 
Desalination of effluent 0.40 
Removal of effluent to the sea 0.05 
Tertiary treatment 0.10 
 
 

E.1. The Twelve Alternatives 
 
The endogenous magnitudes, the solution values of the steady state equations, are 

reported in Table 5. The first alternative is Model II that was calculated for the goal of 150 
ppm chlorides in the water supplied and for the removal alternative by desalination natural 
water. As found above, for this alternative there will be a desalination of 224 MCM/Y of 
natural water and the average salt concentration in the coastal aquifer will be 425 ppm 
chlorides. Recall that this alternative also involves additional seawater desalination of 22 
MCM/Y against the concentrate from the desalination of the natural water. This desalination 
comes in addition to the desalination of 225 MCM/Y determined exogenously and reported in 
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Table 3. (The desalination of 225 MCM/Y is not reported in Table 5 as its cost is not included 
in the comparisons of the table.) 

 
Table 5. The twelve alternatives—quantities, concentration of salts in 

coastal water and cost 
 

Removal 
alternative 

Seawater 
desal 

Natural 
w desal 

Coastal 
w desal 

Effluent 
desal 

Effluent 
removal 

Concentration 
in Coast aquifer 

Cost 

Quality goal: 150 ppm chlorides 
Natural water 
desal 

22 224 0 0 0 425 80 
(57) 

Coastal water 
desal 

14 0 151 0 0 425 62 
(39) 

Effluent desal 35+7 0 71 233 0 262 131 
Effluent 
removal 

233+7 0 71 0 233 262 158 

Quality goal: 100 ppm chlorides 
Natural water 
desal 

33 330 0 0 0 319 108 
(84) 

Coastal water 
desal 

24 0 252 0 0 319 88 
(64) 

Effluent desal 35+24 0 239 233 0 192 173 
Effluent 
removal 

233+24 0 239 0 233 192 201 

Quality goal: 50 ppm chlorides 
Natural water 
desal 

49 490 0 0 0 214 148 
(125) 

Coastal water 
desal 

48 213 270 0 0 214 146 
(123) 

Effluent desal 35+38 360 19 233 0 122 209 
Effluent 
removal 

233+38 360 19 0 233 122 236 

Remarks: a. Columns 2-5 MCM/Y, concentration in ppm chlorides, cost in million US dollar per year.  
b. In parenthesis cost of alternative without upgrading of effluent. 
c. The desalination of natural water in the alternatives of effluent desalination and effluent removal for 

50 ppm is of the water of Lake Kinneret and the Mountain aquifer. 
 
The cost of removing the salts in Model II is $80 million per year (Table 5 row 1). This 

sum includes the cost of upgrading the effluent to tertiary treatment. Without upgrading, the 
cost is $57 million per year (in parenthesis). The alternative of desalination of water 
withdrawn from the coastal aquifer is examined in the second row of the table (in Figure 1.2, 
the desalination arrow is now pointing to the axis going from the coastal aquifer to natural 
water). Since in the steady state, salt concentration in the coastal water will be higher than in 
the other sources of the natural water, less coastal water will have to be desalinated to remove 
a given quantity of salts than in the desalination of mixed water; consequently, the cost of this 
alternative is lower than the cost of the first alternative.  

In the third row, still fort the quality goal 150 ppm, we examine the alternative of salts 
removal by desalination of the effluent. The effluent to be desalinated is that remaining in the 
coastal area; the Shafdan effluent will not be desalinated. This alternative creates a difficulty: 
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given the 2020 quantities, even if all the quantity of the effluent is desalinated, not enough 
salt will be removed to maintain a concentration of 150 ppm chlorides in the supplied water. 
This is the reason for the inclusion, in this alternative of 71 MCM/Y of coastal water 
desalination. There will be also additional desalination of seawater, 7 MCM/Y against the 
concentrate from the fresh water and 35 MCM/Y against the concentrate of the desalination 
of the effluent (15%). The total quantity of desalination in this alternative for the coastal 
region in the year 2020 will be 571 MCM (225+233+71+35+7) and the cost of salt removal 
will be $131 million per year. 

Desalination is even larger in the fourth row, where the alternative is to remove the 
effluent to the sea.  

Desalinated water replaces in this alternative the effluent removed (this is desalination to 
maintain the total water quantity of the steady state). The cost of this alternative is $158 
million per year. 

The interpretation of the entries for the other 8 alternatives in Table 5 is similar to that of 
the alternatives that have been reviewed and, as can be expected, salt removal becomes more 
and more expensive as the quality goal tightens. 

 
A Remark 

The examination of the removal of salts in the steady state in the data for 2020 raises the 
issue of the salts that had accumulated in the last 50 years, part of this mass is already in the 
aquifer’s water and part is still in the subsoil in the unsaturated zone above the groundwater 
table. Will these salts not be removed? The answer to the query depends on the choice of the 
quality goal for the steady state. A goal of 150 ppm chlorides means that a salt concentration 
of 425 ppm chlorides in the aquifer’s water is acceptable (Table 5). If so, not only that salts 
accumulated in the past will not be removed, but salts will be allowed to accumulate further 
until the steady state is reached. If however, the goal is 50 ppm chlorides and salt removal is 
in desalination of the effluent, the salt concentration in the steady state in the aquifer will be 
122 ppm chlorides (as against 200 today) and then, as the salts are removed the aquifer will 
gradually converge toward the steady state in a similar fashion to the way it did in the 
example presented in section C. That is, in this case the removal of salts will remove both all 
the salts that will be added in the future and part of the salt accumulated in the past.  

 
Summary 

The principal finding of the analysis is that, for all the alternative quality goals 
considered for the water economy of the coastal region, desalination of the coastal water is 
the lowest cost option. The cost differences between the alternatives are large and it is 
therefore safe to assume that a more detailed examination will not modify our principal 
finding and conclusion. 

 
 

F. TIMING AND PRICES 
 
The analysis, conducted for the conditions expected to prevail in 2020, raises two 

economic questions, the timing of salt removal and the implication for prices in the water 
economy. 
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F.1. Timing 
 
Salts accumulate gradually; it takes years and even decades for salts deposit on the 

surface of the land to reach the aquifer’s water. The question is then, when should salt 
removal commence? Could the expensive activity be postponed and left to future 
generations? 

Here is a simple method for the determination of the activation date of salt removal: 
choose a water quality goal, it could be one of the goals specified in Table 5. The activation 
date of salt removal will be when chloride concentration in the aquifer’s water reaches for the 
first time the steady state concentration corresponding to the chosen goal. For example, if the 
chosen goal is 100 ppm chlorides, removal will first be activated when concentration of salts 
in the coastal water reaches 319 ppm chlorides. In this way, the aquifer enters the steady state 
on the day the removal is first activated.  

The difficulty is that this simple method ignores two aspects of the problem. One, that the 
removal of the salts improves the quality of the water, the other aspect is that there are now 
large quantities of salts doing their way toward the aquifer. This is why experts forecast that 
salt accumulation will accelerate in the coming years; salt concentration of 266 ppm chlorides 
is predicted for the year 2015. If this “time bomb” is really ticking on its way to the aquifer, 
the water economy is already in the salt accumulation rates expected for the future. Taking 
these two aspects of the accumulation problem into account justifies advancing the 
desalination to a date earlier than when the concentration in the aquifer reaches the chosen 
steady state. 

 
 

F.2. Prices 
 
The derivation of prices is presented in the appendix in a programming model. Here we 

offer a verbal discussion. Water in the model is supplied from the Coastal aquifer, Lake 
Kinneret, and seawater desalination. There are two consuming sectors, agriculture and urban. 
Agricultural production in the model is a function of fresh water and effluent. The effluent is 
a given ratio of the amount of water supplied to urban uses. Salts are removed by desalination 
of natural water. 

The freshwater cost function is increasing: the lowest cost is coastal water, Lake 
Kinnert’s comes next, and desalinated seawater is the most expensive. By assumption, prices 
are set equal to marginal cost. The appendix considers two cases that differ by the demand for 
water.  

In the low demand case, the coastal region is supplied with fresh water from the local 
aquifer and from Lake Kinneret; seawater is not desalinated. Salts are removed by 
desalination of natural water. The price of fresh water is determined by the marginal product 
of water in agriculture and it is set, in equilibrium (at maximum net income), to equal the cost 
of moving water from Lake Kinneret plus the cost per CM of removing from the water of the 
Coastal aquifer the salts imported with the lake’s water. The price of the effluent is a fraction 
of the price of fresh water, the fraction representing the comparative productivity of the 
recycled water.  

In this low demand case, only the coastal water is scarce and has, in the model, a scarcity 
value. This value, and hence the extraction levy of coastal water, is equal to the price of fresh 
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water minus the cost of its withdrawal. No scarcity value is attributed to the water of Lake 
Kinneret. The urban sector is seen in the program as if selling the effluent to agriculture; 
hence the net price urban dwellers pay for water equals the opportunity cost, the marginal 
productivity of water in agriculture, plus the cost of treating the sewage minus the price 
farmer pay for the effluent (only part of the water ends as effluent). 

In the high demand case, seawater desalination is activated and the marginal productivity 
of water in agriculture is equal to the cost of desalination plus the cost of the removal of the 
(small amount) of salts left in the desalinated water. Desalinated water is supplied when the 
other water sources cannot satisfy the demand. Hence, in this case, the withdrawal constraint 
in Lake Kinneret is binding and the scarcity value of its water is positive; it is equal to the 
marginal productivity of water at the coast minus the cost of moving the water from the lake, 
and minus the cost of removing the salts carried in the Kinneret water. It is interesting to 
examine the difference in the cost of the lake’s water in the two demand cases. In the low 
demand case, the users of water at the coast pay for the removal of the imported salts; the 
higher salt concentration, the higher the price of water. In the high demand case, on the other 
hand, water users pay the same price whatever the salt concentration in Kinneret’s water. The 
fisc, the taxpayers, pay for the removal of the salts: the higher the concentration, the lower the 
extraction levy. The government sells low quality (salty) water and is paid accordingly. 

 
 

CONCLUSION 
 
Our calculations were based on simplifying assumptions and they should be taken as first 

approximations. Still, it can be expected that the two principal conclusions we have reached 
will not change with more detailed analysis. The first conclusion is that salt removal is an 
expensive operation. To show this, assume that the cost of delivering water to the coastal 
region is $0.15 per CM for aquifer water (Coastal or Mountain) and $0.30 per CM for Lake 
Kinneret water. With these magnitudes, the total cost of supplying 640 MCM/Y is $123 
million per year. The cost of removing the salts in the steady state (desalination of coastal 
water), even if the modest quality goal of 150 ppm chlorides is chosen and the effluent is not 
upgraded, will be $57 million per year. This is an addition of close to 50% to the cost of the 
water economy. 

The cost of removing the salt is high, but the cost of not doing it will be even higher. For 
example, if we let the aquifer deteriorate until its water cannot be used any more, water will 
be supplied from seawater desalination; the cost will be $154 million per year, more than 
twice the cost of maintaining a sustainable aquifer. Salt removal is a precondition for the 
maintenance of a sustainable water economy and its cost is part and parcel of the cost of the 
intensive utilization of the water resources. Just as a household has to remove sewage and 
garbage, so also one of the tasks of the water economy is to remove the salts and prevent their 
accumulation in the reservoirs. 

The second principal conclusion of the analysis is that the efficient way to remove the 
salts is desalination of natural water from the saltiest source. The reason being that with this 
alternative the quantity desalinated is markedly smaller than in the other alternatives.  

The computations in the analysis were conducted for the steady state in which, for 
example with the quality goal of 150 ppm, the concentration of salts in the coastal water is 
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425 ppm chlorides and then the efficient way to remove salts is by desalination of this source. 
However, if desalination were to commence today, when the concentration of salts in the 
coastal water is only 200 ppm, it would be advisable to start by desalinating the water coming 
from Lake Kinneret until the concentration in the Coastal aquifer exceeds that of the imported 
water. Another possibility, and even more reasonable, is to start desalination in most salty 
regions in the coastal aquifer itself. 

These comments demonstrate, if a demonstration was necessary, that the analysis was 
preliminary. The continuing analysis will cover the other aquifers and incorporate engineering 
considerations. Also, the expected rate of desalination and the optimal date for removing the 
salts will have to be studied in further detail. Another subject for inquiry is the fate of salts 
exported from the coastal region; for example, will salts have to be actively removed from 
areas irrigated by Shafdan water? 

 
 

APPENDIX: PRICES IN THE WATER ECONOMY 
 
The prices are determined in a mathematical programming model of the coastal region in 

a steady state. The model is both broader and narrower than the framework of the discussion 
in the chapter. It incorporates agricultural production, that was not included explicitly in the 
chapter, but import of mountain water and exit of water and effluent from the region are 
disregarded in the formulation of the appendix. The objective function of the programming 
model is the value of agricultural output minus the cost of the water economy. The sources of 
freshwater are the Coastal Aquifer, Lake Kinneret, and seawater desalination; effluent is used 
in agriculture. There are two consuming sectors in the model—urban and agriculture. The 
urban sector receives a predetermined quantity of water. A given ratio of the water used in 
this sector is collected as sewage and, after treatment, provided as effluent. Irrigation deposits 
salts on the surface of the land and identical quantities are added to the water in the aquifer. 
Additional salts come from autonomous sources (ocean spray and underground brines). 
Freshwater desalination is used to remove the salts. 

 
 

A. Functions and Variables 
 
F( )  A well-behaved production function in agriculture (NIS per year)  
f( )   Value of marginal product in agriculture (NIS per CM) 
b   Constraint or requirement of provision (CM per year) 
M   Freshwater (CM per year) 
R   Effluent (CM per year) 
μ   Salt concentration in water (gram chlorine per CM) 

δ   Addition of salt (gram per CM, per year) 

Δ   Autonomous addition of salts (grams per year) 

,λ φ   Lagrange multipliers (shadow prices) 

γ    Value of effluent in agriculture relative to freshwater 

r   Ratio of effluent in urban water 
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C   Cost (dollars per CM) 
P   Price (dollars per CM) 
E   Extraction levy (dollars per CM). 
 
 

B. Indexes 
 
A   Agriculture 
U   Urban 
K   Kinneret 
H  Coastal region or aquifer 
DH  Desalination of coastal water 
DK  Desalination of Kinneret water 
T  Desalination of seawater 
R  Effluent. 
 
 

C. The Structure of Cost 
 
Average cost is assumed to be constant per source, scale effects are disregarded and the 

costs rise; the lowest cost is withdrawal of coastal water, next Kinneret’s water at the coast, 
and the most expensive is desalinated seawater. 

 

H K TC C C< <  

 
 

D. Resources and Uses, Constraints, and Supply Requirements 
 

D.1. Equality Constraints 
Freshwater: provision to agriculture and the urban sector is equal to supply for the coastal 

aquifer, Kinneret, and seawater desalination 
 

A U H K TM M M M M+ = + +  

 
Effluent: supply to agriculture plus removal to the sea is equal to the quantity collected 

and treated in the urban sector 
 

A S UR R rM+ =  

 
Salt: the quantity added to the coastal region is eliminated by desalination of coastal or 

Kinneret water (the concentration of chlorides in the desalinated water is 20 ppm) 

( ) ( )20 20 20H K K R A T H DH K DKM R M M Mμ δ μ μΔ + + + = − + −  

 
Urban water constraint 
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U UM b=  

 
D.2. Inequalities 

Coastal Aquifer, extraction  H HM b≤  

Kinneret, extraction   K KM b≤  

Coast, desalination   DH HM M≤  

Kinneret, desalination  DK KM M≤  

 
D.3. Nonnegativity 

All the quantity variables are nonnegative. 
 
 

E. The Programming Problem 
 
Equation (A.1) is the Kuhn-Tucker Lagrangian of the programming problem. Following 

Simon and Blume (1994), we write specific multipliers for the constraints: λ for equalities 

and φ  for inequalities. In this formulation, the quantities are the primal variables, they are the 

activities of the program; the Lagrange multipliers are the dual variables.  
 

( )

( )

( )

( ) [ 20

( 20) ( 20) ]

( ) ( ) ( )

A A H H K K T T

A A D DH DK
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U U U H H H K K K

L F M R C M C M C M
C R C M M

M M M M M
R rM M M R

M M
b M M b M b

γ

λ
λ λ μ δ
μ μ
λ φ φ

= + − − −
− − +
− + − − −
− − − Δ + + +
− − − −
− − − − − −

     (A.1) 

 
We skip the derivation of the first order condition and demonstrate application in two 

cases; the first corresponds to relatively low demand for water in the coastal region; the 
second case represents conditions of higher demand.  

 
E.1. Case I 

By construction, in the solution of this case, extraction from the coastal aquifer is up to 
the constraint and additional quantities of water are moved from Kinneret; part of the water 
extracted in the coast is desalinated; fresh water is supplied to the urban sector and to 
agriculture; effluent is supplied to agriculture. 

Writing formally, 
 

0

0

0

0

0

A

A U

H H

K K

U U

M
R rM
M b

M b
M b

>
= >
= >

< <
= >

        (A.2) 
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The value of the primal variables that do not appear in (A.2) is zero. 
Combining the first order derivatives and (A.2), the following multipliers were factored 

out 
 

/( 20)

( ) /( 20)

( )

( ) /( 20)

( )(1 ) [ /( 20)]

D D H

M A A K D K H

H A A H

R A A A D R H

U M R

A A A D R H

C
f M R C C
f M R C

f M R C C
r

f M R r r C C

λ μ
λ γ μ μ
φ γ
λ γ γ δ μ
λ λ λ

γ γ δ μ

= −
= + = + −
= + −
= + − − −
= −
= + − + + −

   (A.3) 

 
The first shadow price in (A.3) is of desalinated coastal water. It is the cost of 

desalination of one CM divided by the amount of salt removed; that is, Dλ is the cost of salt 

removal per gram of chloride. 

The multiplier in the second equation in (A.3), Mλ , is the Value of the Marginal 

Productivity of water in the coastal area agriculture and it is also equal to the marginal cost of 
water provision. The cost of moving water from Lake Kinneret to the coastal region is higher 
than the cost of local extraction. Hence, if in the solution of (A.1) water is moved, the 

marginal cost of freshwater, Mλ , is the cost of the lake’s water at the coast and this 

magnitude is equal to the cost of moving the water from the lake plus the cost of removing the 
salts brought by its water.  

The third equation defines the scarcity cost of coastal water, Hφ ; it equals to the VMP of 

water minus cost of extraction; in other words, to the cost of water from Lake Kinneret minus 
extraction. 

The value of the effluent in coastal agriculture is Rλ  and it is its VMP (water’s 

multiplied byγ ) minus the cost of sewage treatment and the removal of the salts added in the 

urban sector. The cost of water to the urban sector is the opportunity cost of freshwater in 
agriculture minus the value of the effluent the town transfers to the farm sector; that is, the 
program visualizes the urban sector as purchasing water, treating its sewage, and selling the 
effluent to farmers at a price equal to its VMP. 

Given the multipliers of (A.3), the prices and the extraction levy will be 
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By the first line in (A.4) farmers (and urban users) pay for the transfer of water from 

Kinneret and also for the removal of the salts carried by the water from this source. The last 
attribute will be modified in the next case. 
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E.2. Case II 
This case corresponds to higher profitability in agriculture than in Case I and therefore 

the solution calls for larger quantities of water, the extraction constraint in the Kinneret is 
met, and seawater is desalinated. Formally, we add to (A.2) 
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The shadow price of freshwater is now 
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The marginal cost of desalinated water is the cost of desalination plus the cost of 

removing the (small amounts of) salts desalinated water adds to the aquiver. 
 
The other multipliers will be in this case 
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Again, the prices are 
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Here, in Case II, the scarcity value of Lake Kinneret water, Kφ , is positive; it was zero in 

Case I. Unlike in the previous case, now the cost of removing the salts carried from the lake is 
shouldered by the public at large (the fisc) and not just by the users in the coastal area. To see 

this, examine the components of Kφ : the higher the concentration of salts in the lake’s water 

( Kμ ) the lower the scarcity value. The government provides the coastal users with water of 

low quality (salty) and is paid accordingly. 
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4.1 Introduction 
Water is a renewable resource. Precipitations enrich the reservoirs and freshwater can 
be withdrawn from rivers, lakes, or aquifers. Provision is sustainable only if 
withdrawals are constrained to safe yields, the supply is finite. Practically unlimited 
quantities of freshwater can be provided by seawater desalination but at a cost in 
energy and damage to the environment. Water is actually consumed in agriculture in 
the sense that most of it evaporates either directly from the surface of the land or 
through the plants. Urban water is different; a great part of this water is not consumed 
but rather it is used as a carrier of dirt and refuse. Once treated, the sewage—now as 
recycled or reclaimed wastewater—can be reused. Although wastewater may be 
purified to potable quality, most of the treated effluent is directed to irrigation. 

Some of the ingredients in wastewater may be useful for plant growth and replace 
fertilizers; others may be harmful to human health, the soil, or plants. Sewage 
treatment, aimed generally at removing harmful components, is expensive. This raises 
the issue of pricing and cost recovery: who should cover the cost, the producer of the 
sewage or the final user of the treated wastewater? We review in the chapter cost of 
treatment and discuss pricing.  

Water, sewage, treatment plants, reclaimed wastewater and its application—are all 
part of the environment we live in. Great efforts were invested in recent years in 
economic assessment of the environmental impact of wastewater treatment and use. 
Much of the work in this area was motivated by the particular "external" nature of the 
impact—most often than not wastewater and the ways it is treated or reused affect 
health and well being of people not directly involved and markets do not exist to 
evaluate these health and environmental impacts. Economic studies of the 
environmental effects are therefore a critical part (but never the only part) of a sound 
policy formation process. Consequently, environmental impact assessment is an 
important component of the economics of the wastewater sector. However, focusing 
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on agriculture, we shall not discuss assessment of environmental impact in this 
chapter. 

The chapter is built as an introduction to be read by economists, agriculturalists, 
engineers, and others who are interested but not yet experts in the economics of 
wastewater use in agriculture. It therefore focuses on basic information and relatively 
simple economic analysis. Further readings will be found in the other chapter of this 
volume and in the vast economic literature on pricing and cost allocation. 
 

4.2 Wastewater in agriculture 
Urban and industrial wastewater accompanies almost all human settlements and its 
use in agriculture and other outlets is prevalent around the world. Farmers in poor 
countries often use untreated sewage while developed countries carefully regulate the 
treatment and application of reused wastewater. Orderly statistics on the reuse of 
wastewater are not available, but by one count (Bixio and Wingens, 2006) there were, 
in 2003, more than 3,300 reclamation plants around the world and the numbers are 
growing rapidly. 
 
 

4.3 Wastewater and the regulation of its reuse 

The composition of raw sewage varies greatly between communities depending on 
local attributes and the sectors using the water and producing the sewage. Households 
add salts and organic refuse; industrial enterprises contribute chemicals of diversified 
nature and composition. The following are broad groupings of sewage constituents 
(Hussain et. al., 2002): 
 

• organic matter 
• nutrients (nitrogen, phosphorus, potassium) 
• inorganic matter (dissolved minerals) 
• toxic chemicals 
• pathogens 

 
The regulation of reused wastewater mostly aims at preventing health hazards, both to 
irrigators and food consumers. Accordingly, different standards are set for restricted 
irrigation (of crops that are not intended for direct human consumption) and 
unrestricted irrigation. As a rule, rich countries set higher standards than developing 
countries and theses differences are also reflected in the US requirements as against 
the recommendations of the WHO (the UN World Health Organization). The 
American regulations have been criticized as being too high and less stringent 
requirement for poorer countries are justified on grounds that poor municipalities and 
farmers cannot and actually will not obey tough regulations. 

Although microbial aspects have always predominated wastewater regulations, 
chemical guidelines are also found. Mostly their aim is to protect plants, the soil and 
water reservoirs to which wastewater and their residues leak. In some places irrigation 
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with reused wastewater is confined to areas from which leakage cannot reach aquifers 
or surface water reservoirs. 

In addition to its application in agriculture, reclaimed wastewater is used for 
watering golf courses, gardens, and forests. Sometimes it may be found as coolant in 
industries. When not utilized in these ways, effluent, treated or untreated, may be 
disposed, or find its way, into rivers and oceans. Quite often, national and 
international regulations and conventions require higher standards for wastewater 
disposed in nature than for the effluent applied in agricultural irrigation. 
 
 

4.4  Treatment 
In principle, sewage can be treated and cleansed to high-standard potable water; and 
this is probably done, albeit indirectly, in several European countries. Treatment for 
irrigation can also be performed using many and varied technologies. The basic 
method, and in most cases the first stage if more advanced methods are implemented, 
is wastewater stabilization land ponds. They are relatively inexpensive and, if 
maintained appropriately, very efficient. Other methods include wetland polishing; 
soil aquifer treatment; disinfection by chlorination, ozone, and UV application; micro 
filtration and reverse osmosis. The latter are membrane systems, considered expansive 
and rarely encountered. Supposedly they should be applied only where the recycled 
wastewater is intended for immediate drinking. Their advantage is, however, wider 
than this: membrane treatment removes salts and most other contaminants; irrigation 
with membrane treated wastewater will not damage soils and hurt plants; the treated 
wastewater can be freely used to recharge aquifers and other reservoirs—saving land, 
construction cost, water loss in open storage facilities, and separate distribution 
networks. 

Conventionally, wastewater treatment is divided into different levels in 
accordance with accepted definitions (Halperin, 1999; Fine et al., 2006; Westcot, 
1997) as follows:  

 
• Preliminary treatment: Removal of solids and other large materials from the 

row sewage. 
• Primary treatment: Removal of settleable organic and inorganic solids by 

sedimentation and removal of floating material by skimming.  A half to two 
thirds of the organic matter in the sewage is removed at this stage. Effluent 
from sedimentation plants is referred to as primary effluent. 

• Secondary treatment: Follows primary treatment and its aim is to remove 
further biodegradable dissolved and colloidal organic matter. Most of the 
removal is done at this stage by microorganisms and the process is usually 
enhanced by aeration and supply of oxygen. Following the treatment, the 
microorganisms are separated from the fluids by sedimentation and the sludge 
is removed for further treatment and disposal. 

• Tertiary (advanced) treatment: Further removes organic and inorganic 
components from the treated sewage. In most cases it also reduces 
significantly the nitrogen contents of the wastewater. It is used where specific 
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health or environmental constraints are raised. In most places, edible products 
cannot be grown on wastewater unless it passed tertiary treatment.  

• Quaternary treatment: Mostly membrane treatment of effluent suitable for 
unrestricted household use. 

 

4.5  Cost 
As indicated, primary and secondary treatment is relatively inexpensive; further 
stages add markedly to the cost of reclaimed wastewater. Still, even the early stages 
are not free, they are capital intensive, and may constitute a heavy burden on 
municipalities or farmers. Tables 4.1 and 4.2 present investment, capital cost, and 
operating costs for treatment of swage by capacity of the facility. 

The data in Table 4.1 were gathered from information supplied by planners of new 
plants. The data reveal economies of scale; capital cost per CM of capacity is in large 
plant is less than a half of the cost of a small plant. Operating costs are reported in 
Table 4.2. Their level reflects the specific treatment usually employed in the plants. 
They do not exhibit economies of scale. Extensive plants are built in relatively small 
communities.  

 
Table 4.1: Investment in treatment plantsa  

 Plant, million US dollarsc Per CM, US dollarc 
Capacity, CM/Db 500 5,000 50,000 500 5,000 50,000 
Primary 0.266 1.888 4.888 0.53 0.38 0.09 
Secondary 0.555 3.888 15.800 1.11 0.78 0.31 
Tertiary 1.000 5.244 21.888 2.00 1.04 0.44 
Tertiary + desalination 1.400 6.466 32.185 2.80 1.29 0.67 
aCalculated from data for 150 treatment plants in Israel in 2006; 
bCM cubic meter; CM/D CM per day;  
cExchange rate NIS 4.5 per US dollar. 
Source: David Alkan, private correspondence, 2006. 
 
Table 4.2: Annual capital and operating cost in treatment plants, US dollars per CM 
 Capital Operating Total 
Capacity, CM/D 500 5,000 50,000 500 5,000 50,000 500 5,000 50,000 
Primary 0.12 0.08 0.02 0.11 0.06 0.03 0.23 0.14 0.05 
Secondary 0.21 0.17 0.07 0.17 0.13 0.09 0.38 0.30 0.16 
Tertiary 0.41 0.23 0.10 0.28 0.22 0.15 0.69 0.45 0.25 
Tertiary+ desalination 0.86 0.28 0.15 0.54 0.40 0.29 1.40 0.68 0.44 
Per unit capital cost was calculated for 25 years life expectancy at 7%  interest. 
Source: Table 4.1 and its source. 

 
 

4.6  Replacement of fertilizers 
As indicated above, sewage and recycled water usually contain nutrients of use to 
plants. They can thus replace fertilizers. Table 4.3 reports several examples. As the 
entries in Table 4.3 indicate, recycled water, and in some cases sludge, may replace 
fertilizer application. In several of the cases the replacement is significant, more than 
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50% of the requirement. In other cases, the replacement is modest. Also reported in 
the table, are some cases in which irrigation with reused wastewater will result in too 
much of the nutrient being applied to the plants. As indicated, overdoses may be 
harmful and their occurrence may require dilution of the water with freshwater or 
purposive removal of the nutrient from the effluent of the treatment plants.  

“To be on the safe side” farmers often apply more than the recommended amounts 
of fertilizers and do not reduce application even when irrigating with recycled 
wastewater. This practice, often detrimental to soil and water resources, can be 
explained by the small share of fertilizers in the cost of production (Table 4.4).  
 
Table 4.3. Nutrients required and potential provision by recycled wastewater  

Crop 

Nitrogen N Phosphorus 
P2O5 

Potassium K2O 
Treatment in 
calculation kg/ha 

 
% from 
recycled 

kg/ha 
 

% from 
recycled 

kg/ha % from 
recycled 

Citrus 285.3 55% 61.7 21% 306.7 90% 
Mechanical-biological 
treatment  

Fruit trees 183.0 88% 38.0 35% 250.1 112% 
Mechanical-biological 
treatment  

Dryland fruit 
trees 

150.0 140% 0.0  250.0 64% Sludge A 

Open space 
vegetables 

304.2 12% 175.9 13% 400.5 68% Treatment for all uses 

Greenhouse 
vegetables 

1159.0 5% 748.3 3% 1731.0 24% Treatment for all uses 

Open space 
flowers 

1596.4 4% 655.6 3% 1649.7 33% 
Mechanical-biological 
and sludge A 

Flowers in a 
protected 
structure 

208.2 19% 140.7 17% 224.0 127% Treatment for all uses 

Irrigated field 
crops 

185.2 35% 73.2 7% 161.4 70% Sludge A 

Dryland field 
crops 

77.0 351% 73.0 85% 0.0  Sludge A 

Column 8 reports the sewage treatment assumed for each row. 
 
Table 4.4. Typical cost of fertilizers and total cost of production (US dollars per hectare) 
Crop Nitrogen Phosphorus Potassium Total fertilizers Total cost 
Citrus 304 76 224 604 7,055 
Fruit trees 162 38 140 340 17,916 
Dryland fruit trees 96 0 111 197 3,107 
Open space vegetables 324 204 300 828 17,741 
Greenhouse vegetables 1,633 1,222 1,729 4,584 122,542 
Open space flowers 422 122 144 688 9731 
Flowers in a protected 
structure 

2,649 1,256 1,882 5,787 148,534 

Irrigated field crops 131 64 78 273 2,573 
Dryland field crops 18 38 0 56 718 
Exchange rate NIS 4.5 per 1 US dollar. 
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4.7  Cost allocation and prices 
The treatment of sewage is expensive; the product, effluent, is used in agriculture. 
Who should cover the cost, the producers of the sewage or the user of the effluent? 
The conventional wisdom is often that "The polluter pays." But this is not always so. 
Cost is allocated by prices, if farmers pay for the reused wastewater they share in 
covering its cost. We have therefore to examine prices. We shall distinguish between 
two cases: in the first, reclaimed wastewater is allocated by prices; in the second case, 
allocation is not based on prices.  

As explained above, recycled water carries contaminations that are added to the 
soil and the groundwater. In many cases, the most important contaminations are salts 
since they are not removed in regular treatment of the sewage, even not in tertiary 
treatment. Table salt, sodium chloride, is most abundant. Sodium is harmful to soil 
structure but, since chloride concentration is easier to measure, salinity is often 
expresses by ppm (part per million) chlorides. A more comprehensive measure of 
salinity is the electrical conductivity of the water commonly expressed in 
deciSiemens/meter. Therefore, we take salts a representing all forms of 
contamination. Recycled wastewater is however not the only source of salts, 
freshwater also contains slat and therefore irrigation, whether with fresh or with 
reused water, adds salts to the soil. The salts added are drained to water sources and 
may have to be removed when their accumulation reaches harmful concentrations. 
The cost of removal will eventually become part and parcel of the cost of irrigation in 
general and, in particular, the use of wastewater in agriculture. Moreover, the cost of 
reused water cannot be analyzed in isolation; the costs of fresh and reused water have 
to be considered together. We begin with price allocation. 

 
 

4.7.1    The role of prices 
Prices provide, in the water economy and in general, three different functions: 
 

i. Prices convey information. Where prices are equal to marginal costs, the cost 
to the users of water, who pay the prices, is equal to the cost to the national 
economy. Water is used only if its contribution is economically justified. 

ii. Prices clear the market; in the sense that with appropriate prices all the 
available quantity of water, fresh and reused, is taken and shortages do not 
develop. 

iii. Prices cover cost. The revenue collected by the providers of water of any 
quality cover the cost of provision. 

 
As we shall see, not always are all three functions fulfilled simultaneously. 
 
  

4.7.2    The model economy  

The principles of pricing are simple and well known; their application in the water 
economy is however generally not straightforward and depend on local and 
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technological circumstances. Price determination is therefore presented here within 
the framework of a model economy. The model is based on a highly simplified 
description of the Coastal region in Israel (for a more detailed treatment, see Goldfarb 
and Kislev, 2007). In the model, water is supplied to the region from an outside 
source, Lake Kinneret (Sea of Galilee), and is used in urban communities and in 
agriculture. A constant share of urban water is collected as sewage, treated, and 
provided for reuse in agriculture. Irrigation adds salt to groundwater and it is removed 
by desalination. Prices determined in the model allocate the cost of freshwater and the 
reclaimed wastewater, including the cost of salt removal, between farmers and urban 
users. 

Again for simplicity, the model envisages a water economy in a steady state: 
constant quantities of water are provided annually to the urban sector; agriculture 
receives year in and year out constant quantities of fresh and reclaimed water; and, 
also, the same quantities of salts as added yearly to the aquifer are removed by 
desalination. Consequently, the concentration of salt in the coastal groundwater is 
kept constant; it does not accumulate. 

Formally, prices are determined in a cost minimization model. By the model, 
agricultural is provided with the quantity XA of freshwater (measured in CM per year) 
or its wastewater equivalent. Households (the urban sector) are provided annually 
with XU. Freshwater from Lake Kinneret, MKH, are supplied to households and 
agriculture. The ratio of sewage to water in households is r. Agriculture uses MA CM 
of freshwater annually and R CM reclaimed wastewater. One CM of wastewater is 
equivalent, in its contribution to production, to γ  CM of freshwater ( 10 ≤≤ γ ). The 

system of equations describing these requirements is 
 

 

U
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                    (4.1) 

 
Irrigation water carries salt and it is deposited on the surface of the land and 

drained to the aquifer. Salt concentration, measured in grams of chlorides per CM (mg 

per litter), is Kµ  in Kinneret water, Rµ in wastewater, and Sµ  in the water of the 

Coastal aquifer. The quantity of desalinated coastal water is MD CM per year. For 
simplicity, we assume that the desalinated water (to remove salts) is returned to the 
aquifer and not consumed directly. We also disregard water lost in the concentrate. In 
the steady state all salts reaching the aquifer are removed desalination 
 

 DSRAK MRM µµµ =+              (4.2)   

 
The cost items in the model are conveyance from Lake Kinneret to the Coastal 

region, CKH dollars per CM, sewage treatment, CA dollars per CM (the index A stands 
for treatment to the level required for use in agriculture), and desalination CD dollars 
per CM. We disregard the cost of intra-urban distribution and sewage removal, and 
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extraction levies that are imposed in Israel on the withdrawal of water from reservoirs. 
The mathematical model is presented in the Appendix. 

 
 

4.7.3    Prices 
The prices fulfilling the first function mentioned above (information) are equal to 
marginal cost and they will be, by the Appendix, 
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In equation (4.3), PA, PU, and PR are, respectively, the price of water in 

agriculture, urban use, and the price farmers pay for reclaimed wastewater. The last 
price reflects the contribution of the recycled water in agriculture, relatively to the 
contribution of freshwater. 

By these prices, farmers are charged for the transfer of water from Lake Kinneret 
plus the cost of the removal of salt this water adds to the aquifer. Urban dwellers are 
similarly charged for water transfer and salt removal and, in addition, for sewage 
treatment. However, the recycled water, after being treated, is supplied to agriculture 
and the urban sector is credited in the model for its contribution in agriculture. In 
other words, the model envisages the urban sector as selling the treated effluent to 
agriculture at a price equal to its marginal contribution in that sector (not necessarily 
equal to treatment cost).  

In many places, urban dwellers are charged separately for water and for sewage 
services. But even if these two items appear in different rows on the water bill, or in 
two different bills altogether, they are a single cost: a household cannot use water 
without incurring the cost of sewage removal. 

The prices of the equation (4.3) can be calculated under the following reasonable 
assumptions: 
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The assumptions in equation (4.4) incorporate the estimate that urban use adds 100 
grams of chlorides per CM of effluent and that, in the steady state, chlorides 
concentration in the Coastal water will be 400 grams per CM (at present average 
concentration is 200 grams per CM, but rising). In the calculation of prices we also 
incorporated the (reasonable) assumption that half the quantity of salts reaching 
annually the coastal water is removed by means other than desalination—drainage to 
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the sea, fresh and reclaimed water "exported" to other regions. Accordingly, the 
prices, in dollars per CM, are: 

 34.060.043.0 === RUA PPP  

 
 
4.7.4    Cost recovery 
We turn now to the third of the functions mentioned above—cost recovery. The first 
line in the following equation is the total revenue collected for fresh and reclaimed 
water supplied to urban dwellers and to agriculture; the last line is the total cost of 
provision, including conveyance, treatment and desalination. The development of the 
equation relies on equations (4.1) – (4.3) above. 
 

DDAKHKH

KRRK

AK
S
D

AKHKHUKHKHA

S
KR

DAKHU
S
K

DKHA

UAA

MCRCMC
RR

MCRCRCCMRCCM

rCrCrCMCCRM

MPRM

++=
−++

++−++=








 −
++−+








++=

++

)

(

)1()(

γµµγµ

µ
µ

γγ

µ
γµµγ

µ
µγ

γ

  (4.5-4.7) 
 

By equation (4.7), charging marginal cost prices for freshwater and wastewater the 
suppliers cover all their costs. It should be added that cost is recovered with marginal 
prices for the particular cost structure assumed in this analysis (linear cost functions). 
With a different cost structure, charging marginal prices may not lead to cost 
recovery; this possibility will not be elaborated here. 
 
 

4.8 Further considerations and alternatives 

Up to this point the analysis was carried under the assumption that agriculture uses 
both fresh and recycled water. The farmers paid for the recycled water according to its 
(marginal) contribution to production. In such a situation, the price of freshwater in 

the urban sector may be lower than in agriculture—if APγ  is higher than the cost of 

treatment and salt removal. Since urban dwellers do not consume all the water they 
get—mostly they use water for the removal of refuses—they can be seen, in analogy 
to car renting companies, as purchasing water, using it for a while, cleaning the 
sewage, and selling the treated effluent “second hand.” The proceeds from the sale 
lower the cost of usage. 

Although in principle the price of freshwater may be lower in town than on the 
farm, it will not always be so. If the marginal contribution of water in agriculture is 
relatively low, the price farmers will pay for recycled water will cover only part of the 
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cost of sewage treatment. Then the cost of water provided to urban dwellers 
(including sewage treatment) will be higher than the price of freshwater in agriculture. 

A situation may even arise when farmers will be paid for taking the recycled 
water. In a place with ample supply of freshwater, its cost and price to farmers will be 
low, and they will not be interested in taking a lower productivity effluent. The town 
may then “bribe” agriculture to help it get rid of the pollution it created.  

Where urban communities are located close to oceans or rivers, they may dispose 
of the treated effluent in the nature. This option may not be open to inland 
communities. Where reclaimed water can be delivered to nature at a relatively low 
cost (although it is seldom the case), it will not be economically justified to allocate it 
to agriculture unless the contribution of the recycled water in agriculture is higher 
than the cost of provision. The existence of a non-agricultural option is sometimes 
termed “the zero alternative:” the proceeds from turning the recycled water to 
agriculture must be comparatively high for the urban communities not to prefer the 
zero solution.   

 
 

4.8.1    Will the polluter pay? 
As we have seen, the recycled water may be “sold” to farmers and in this way freeing 
the cities from the cost of sewage treatment. At the same time, it should not be 
forgotten that the fundamental approach of the preceding analysis is that the 
responsibility of the treatment of the sewage and its disposal lies with the users of the 
water: the urban dwellers and industry. If the treated effluent cannot be transferred for 
a price, the urban sector must cover all the cost of its disposal. The polluter pays in 
the sense of being responsible. 
 
 

4.8.2    Scarcity rents and extraction levies 
Water in most places is a scarce resource; its use is limited. Being scarce, it has 
economic value—seawater is not scarce and does not have, in general, economic 
value. Economic analysis justifies payment of a scarcity rent by water users. For 
example, in Israel, water providers pay an extraction levy for water withdrawn from 
aquifers or from surface sources, including Lake Kinneret (trying not to burden the 
argument, we disregarded the levy in the foregoing analysis). Since water belongs to 
the public, the levy is paid as a tax to the treasury to be used for social benefit.  

Where farmers take all the available recycled water, it is also scarce—they are 
willing to pay for additional quantities. This scarcity does not however justify the 
imposition of a scarcity levy on recycled water. The basic scarcity is that of 
freshwater at the source, and it is there that the levy should be charged. Once paid, the 
water “belongs” to the urban sector and any payment for it should go to whoever does 
the treatment and recycling. Imposing a tax on the recycled water will introduce a 
wedge between the value of the treated effluent in agriculture and the cost of its 
collection and treatment in the city and lower the incentive of the urban sector to 
recycle its water. 
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4.9 Agreements 
The provision of recycled water for a price is appropriate where the numbers of users 
is large. But sewage treatment and reuse is often a local affair: a town disposes the 
reclaimed water and an agricultural cooperative accepts it to be distributed to its 
members. In such a case, the town and the cooperative may enter negotiations on the 
conditions of the transfer. The agreement the parties reach will be bounded: the town 
will not transfer the treated wastewater to the farmers if the associated cost is higher 
than that of the (zero) alternative. Likewise, the farmers will not take the wastewater 
unless its contribution on their fields is higher than its cost to them. But between these 
two limits, there is room for negotiations. Where will they settle? One possibility is 
that they will follow, even if unknowingly, the Bargaining Solution proposed by Nash 
(1950). The solution is a framework for the analysis of cost allocation under 
simplifying and reasonable assumptions (not detailed here).  
 
 

4.9.1    Nash bargaining solution 

The town operates a sewage treatment plant and it disposes its effluent into the ocean 
at a cost of CS dollars per CM. A suggestion is raised to redirect the effluent to 
neighboring agriculture. The cost of treating and provision of the recycled water to 
agriculture is CA dollars per CM and it is lower than the cost of ocean disposal, 
CS>CA. The recycled water will be given to the farmers at a price PR lower than the 
price they pay for freshwater (disregarding for simplicity quality differences) PA>PR. 
The utility the town draws form the shift of the treated effluent form ocean disposal to 
agriculture is  
 

 )( RAS PCCRU +−=         (4.8) 

 
The utility of the farmers 

 

 )( RA PPRA −=               (4.9) 

 
By the Nash Solution, the transfer price to be set in the bargaining process will 
maximize the product of the utilities of the bargaining parties. The maximization 

problem is: chose a transfer price RP  to maximize N in the following equation  

 
 UAN =                      (4.10)        

 
By the first order condition, the price is  
 

  
2

)( ASA
R

CCPP −−
=       (4.11) 
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With this transfer price, the parties to the agreement—agriculture and the urban 
sector—will derive equal utilities 
 

 





 −+

==
2

)( ASA CCPRAU          (4.12) 

 
The nominator in equation (4.12) is the utility, measured in dollars, per one CM of 

recycled water: the saving of freshwater in agriculture, PA, plus the saving in cost of 
treatment in town, CS-CA, and this sum is divided equally between the parties. Notice 
that by eq. (4.12) the agreed price, PR, may be negative: the agreement reached will 
determine that the town pays the farmer for taking the effluent of its treatment plant. 
As indicated above, such a solution can be expected if the contribution of water in 
agriculture is comparatively low and the cost of disposing the treated effluent in the 
ocean or river is high. 
 
 

4.9.2    Remarks 
Game theory is the discipline dealing with mutual relations, economic or other. 
Substantial efforts were devoted in game theory to the question of cost allocation. The 
Nash Solution presented here is probably the simplest of those problems and 
solutions. In reality, allocation problems may be more complex and difficult; for 
example, the sewage may be treated to several quality levels, or the agreement may 
have more than two bargaining parties. In such cases the solutions that game theory 
offers may be more complex but the fundamental principle is the same: a cost 
allocation that all parties can accept. For an application, see Dinar et al., 1986. 

The Nash Solution can be viewed from two different angles. Accepting the 
solution as the finding of a positive analysis, the solution points to the agreement the 
parties are expected to reach once they realize that it will be for the benefit of both if 
they cooperate in directing the reclaimed wastewater to agriculture and in sharing the 
cost. From a normative point of view, the solution can serve the government or a 
mediator to suggest or force a transfer price—where the parties do not reach an 
agreement on their own. 

The difficulty is that an outside agent, trying to set a transfer price, has to know 
the utility of the parties sharing the effluent.  

Also, notice that the transfer price reached or dictated by the Nash Solution need 
not be a “market clearing” price. The Nash Solution price applies where an agency or 
a cooperative allocates the recycled water to its users. Where farmers are free to take 
as much of the effluent as they see fit at the price PR of equation (12) the quantity 
demanded may exceed or fall short of the available supply. 

A problem that often haunts parties to agreements is of potential opportunistic 
behavior. Once the agreement has been reached and the appropriate infrastructure 
installed, the farmers can threaten the town that they will not take the reclaimed water 
unless the transfer price is lowered. Similarly, the town—if it has an alternative—may 
threaten the farmers that the treated effluent will not be provided unless the price is 
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increased. These potential threats are often real obstacles to reaching and 
implementing an agreement. 
 
 

4.10    The role of the government 
Governments provide public goods. In our case, first and foremost are regulations 
pertaining to treatment and reuse of wastewater. The regulations and their 
enforcement are public goods since, as we have seen, wastewater and its disposal may 
have severe negative external effects. The health of farmers, their families, food 
consumers, and water using households cannot be left "to the market." There does not 
exist a market to regulate these external effects. 

Further government involvement may also be justified sometimes. Enforcement is 
not costless, a city may dispose its raw sewage into a nearby river at no cost and 
farmers may use slightly treated wastewater to irrigate sensitive crops. The 
government may find that it is more efficient and cost effective to subsidized 
treatment and recycling than to engage endlessly in futile monitoring and 
enforcement. Economists who generally oppose subsidies and government economic 
intervention should be careful in criticizing efforts to achieve environmental public 
goals. 
 
 

4.11    Concluding comments 
As world population grows and standards of living increase, more water is used and 
more food is consumed. Irrigated agriculture will have to give up, in many places, 
freshwater to be diverted to human utilization. Replacement, at least partly, will come 
in the form of recycled wastewater. The treatment of wastewater is expensive and 
choice of technique and degree of purification will have to be made carefully. With 
cost comes the question of its recovery, hence the prices and levies charged in the 
urban sector and agriculture. These issues can be solved once it is recognized that 
treated wastewater is both a burden and an input—in agriculture and possibly in 
nature. Water is often carried over long distances, sewage is in general more local in 
nature. We demonstrated in the chapter the basic approach to pricing and cost 
allocation, both where treated wastewater is provided to a large number of farmers 
and where a relatively small community comes to an agreement with surrendering 
agriculturalists. Needless to say, the economic models formulated were founded on 
simplifying assumption; reality is more complex and application always requires 
careful analysis and planning. It is not superfluous, however, to re-emphasize the role 
of the government as regulator and arbitrator. Because of its strong external effects 
and complex economic issues, wastewater cannot be left to free market rule. Efficient 
and health preserving management of the sector can be expected only where the 
government is responsible and is able to convince the various stakeholders in the need 
to follow its guidelines. 
 
 



 14 

References 

Bixio, D. and T. Wingens (2006) Water reuse system, management manual, AQUAREC, Directorate-
General for Research Global change and ecosystems, European Commission. 

Dinar, A., D. Yaron, and Y. Kannai (1986) Sharing regional cooperative gains from reusing effluent for 
irrigation, Water Resource Research 22: 331-338. 

Fine, P., R. Halperin and E. Hadas (2006) Economic considerations for wastewater upgrading 
alternatives: An Israeli test case. Journal of Environmental Management 78: 163-167. 

Goldfarb, O., and Y. Kislev. 2007. Cost and pricing in a regime of sustainable water resources.. 
http://departments.agri.huji.ac.il/economics/yoav-home.html. 

Halperin, R. (1999) Regulations for water quality in Israel and internationally. Health in the Field 7: 3–
6 (in Hebrew). 

Hussain, I., L. Raschid, M.A. Hanjra, F. Marikar, and W. van der Hoek (2002) Wastewater use in 
agriculture, review of impacts and methodological issues in valuing impacts, Working paper 37, 
International Water Management Institute, Colombo, Sri Lanka. 

Nash, J. (1950) The Bargaining Problem. Econometrica 18: 155-162. 
Westcot, D.W. (1997) Quality control of wastewater for irrigated crop production. Water reports – 10. 

Food and Agriculture Organization of the United Nations, Rome (1020–1203). 
 
 



 15 

Appendix 4.1 The mathematical model of pricing in the 
steady state 

The model is formulated under the assumption that all the requirements in equations 
(1), (2) in the text are realized and all the variables are positive (no zeroes). The 
Lagrange function is  
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Using conditions (i), (ii), (iv)  
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(A.3) 
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And incorporating conditions (iv), (v) 
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The shadow prices reflect marginal cost of provision to the sectors. Prices of 

urban water, freshwater in agriculture, and effluent are therefore 
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The last price, AR PP γ= , is not derived from the first order conditions; it reflects the 

quality ratio of effluent to freshwater. The prices of (A.5) are presented in equation 
(4.3) in the text of the chapter. 

The shadow price of effluent, Rλ , reports their cost to the national economy: by 

how much would the cost of the national product increase with an additional MC of 
effluent—when freshwater supply was not expanded? 
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The components of the shadow price are the cost of sewage treatment plus 

removal of salt in the effluent minus the contribution of the effluent to production in 
agriculture. In the prices suggested in (A.5) the cost of effluent is allocated to the 
sectors, households and agriculture. 
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agency is responsible for the utilization and the sustainability of the resources. The
law requires measurement of all uses of water. This means that wells and pumps are
monitored and consumers - households, manufacturers, farmers, and others - pay by
the volume of water they use.

Two far-reaching reforms took place in the water economy in the last ten years.

One was the removal of urban water provision fron-r the control of municipal govern-
ments and the other was a restructuring of the sector's regulatory body.

Water and wastewater corporations
In the past, municipalities were responsible for water and wastewater services in their
areas of iurisdiction. A great share of the water supplied in urban areas was purchased
from Mekorot and smaller shares came from wells owned and operated by the cit-
ies themselves. The municipalities collected one-time connection fees to cover capital
outlays in water and sewage systems and bimonthly charges for their operating costs.
Activities in water and wastewater were integrated with all other local services and it
was often convenient to neglect the expensive maintenance of the water systems and
to divert money collected for water to seemingly more urgent needs. The results were
infrastructure breakage, interruption of supply, and leakage - particularly of sewage.

To amend this situation, the responsibility for the provision of water and waste-
water services in urban areas was shifted from the local governments to new inde-
pendent corporations. The new entities were and, in many cases, still are owned by
the municipalities, but they may eventually be transfer:red to private hands. The law
establishing the new entities was passed in 2001, but, despite the encouragement of
the national government, the reform has been gradual, and is still not complete as of
August 2010. Significant improvements in the services were recorded in several of the
cities in which the new corporations took over. However, difficulties should also be
expected, particularly in socially and economically weak localities where management
will not be efficient and customers' pavments will seidom cover cost. These problems
will have to be solved in the coming years.

The water authority
Although Mekorot is regarded as the national water company. it is not the only water
provider. There is thus no single utility enterprise that can be seen as responsible for
water and wastewater services in the country. As a result, the government cannot limit
its role to conventional economic regulation, such as done, for erample, by The .X/ater

Services Regulation Authority in England and \fales (Ofwat, 2010). In Israel, apart
from being the economic regulator, the government is also involved in management
and long run planning of the water economy. These duties affect the structure and the
activities of the agency in charge of the sector.

The original 1959 \flater Law entrusted the management and regulation of the water
economy to a single individual, the Iff/ater Commissioner. He was assisted by the staff
of the Water Commission. a government agency comprising rwo professional depart-
ments - Hydrology and Planning - and an administrative body responsible for the allo-
cation and overseeing of withdrawal permits, allotments in agriculture and industry, ar-id

the promotion of development of the sector including, recently, the desalination plants.
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is not only honoring the signed agreement (Oslo Treaty) but providing more than the
stipulated supply (\Water Authority, 2009). Others think that, in this case, adhering
to the written letter is not enough (I(islev, 2008): it is the duty of the government of
Israel, responsible for the Palestinian areas, to provide the iocal population with water
services similar to the services thar households in Israel enjoy.

Two allocation problems
There are two major allocation problems in water: a. allocation of extraction: where,
when and how much to withdraw; b. allocation of water for utilization and consump-
tion. The two problems are distinct, although the Israeli law obscures the distinction.

The criterion for extraction of water is sustainabilitl, of the resource. The role of
the 

'Sfater Authority is to guard the long run stability of the quantity and quality of
the nation's water resources. Fulfilling this roie may require decisions on each source
and well separately, depending on local hydro-geological circumstances. Accordingly,
the law specifies that water may be withdrawn only under an extraction permit issued
by the Authority. The criterion for the allocation of water for consumption and uti-
lization is efficiency; that is, the marimization of economic welfare from the use of
water. The discussion turns now to basic economic principles of water allocation.

WATER PRICING: A THEORETICAL FRAMErrl/ORK

The nert four subsections present, by example, the basic theoretical framework for
water pricing and allocation. They will be followed by surveys of cost and water rar-
iffs in Israel.

Allocation of water from a single spring
Consider a region with a singie spring irrigating the fields of two farms. The water
flows to the fields on its own with no need for energy or labor. The water yield of the
spring, the annual quantity, is limited. A regional planner artempts to maximize the
"national income" of the region, the sum of income in the farms. \flater allocation
that achieves this goal is depicted in Figure 2: the total yield of the spring, the quantity
c, is divided such that the value of the marginal product (VMP) of water in the fields
of farm A is identical to the corresponding value in farm B. (The curve D is the hori-
zontal sum of the VMP curves in the individual farms.)

The following discussion will deal with methods of allocation. The discussion
relates to methods applicable for a large number of water users and the reference to two
farms is used only to exemplify the principles. In places where the number of users is
actually small - for example, in water cooperarives - the argumenrs may be modified.

One may think of three distinct methods of allocation.

1 Allocation by quotas: farm A will receive a CM
farm B will receive b CM;

2 Allocation by prices: with the price p farmer
farmer B will take b CM;

(cubic meters) of water per year,

A will take a CM per year and
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ience, despite a1l costs being opportuniry cosrs, we shal1 term cost incurred by con-
ventional inputs "cost of purchased factors." Among the purchased factors are a1l the
inputs, including labor and capital - only water in its sources is treated separatell..

In the example of the spring presented above, in rvhich the water flows on its own
to the fields of farms A and B, the opportunity cost is also the scarcity value of the
water (the marginal scarcity cost). A scarcitl, value emerges because of water being
constrained by nature to the quantity c. As this is less than the combined demand for
the resource, the water is scarce. \)7ith a larger yield of rvater in the spring, scarcitl,
cost is smaller; where water yield is very large, relative to its value in production,
scarcity cost is zero.

In Figure 2, if allocation is by prices, the price p in money units per CM is the
scarcity price. Deduction of one CM from the spring's water will reduce output by
an amount the value of which is p. Sometimes this price is also termed the social cost
because the reduction of output is a reduction in the product of the society (farms A
and B are both parts of the society). The price p is set in some places as the extraction
levy or the pumping tax. It transmits to water users the scarcity cost of water and
they, the users, mav decide on their own horv much water to take. A social planner
does not know in detail the contribution of water on the farms and there is no need
for him to be involved in on-farm decisions. With the right price, the farmers will take
the right quantities, they take the social cost into their own private consideration; they
internalize it.

The question now arises, with price allocation the farmers will pay p dollars per
CM, rvhom will they pay in a region thar enjoys the benefit of the spring water? If
the water belongs to the public, the payment for the water also belongs to the public.
In such a case the payment will be to the government's budget, to the state treasury.
The objection often heard of money going to the government instead of to the public
(the "people") is meaningless in a democracy, as the budget of the government is the
budget of the public at large.

It is worth observing that the opportunity cost, and any other concept of cost, is
meaningful only when water allocation is optimal - when income is maximized - as

in the diagram. If, as an example, allocation in the region is arbitrary and farm A
received more water than in Figure 2 and farm B received less, the concept of opportu-
nity cost is empty since it is possibie, with an alternative allocation, to increase ourput
at no cost and without adding water to the region.

Purchased inputs

The analysis is now modified. Assume that cost of warer supply is not zero but MC1
as in Figure 3. The svmbol MC was chosen to emphasize marginal cost (when mar-
ginal cost is constant, as in Figure 3, it is equal to the average cost). MC1 is the cost
of the purchased inputs. The introduction of purchased inputs has, however, not
modified the appropriate price of water, it is srill p. But now the scarcity cost (the
efficient extraction 1evy, if applied) is p-MC1. The general definition is: the marginal
scarcity cost is the opportunity cost (value of marginal productivity) minus the cost
of purchased inputs, provided the difference is positive. If the difference is negative,
the scarcity cost is zero. Thus in Figure 3, if the cost of purchased inputs is MC2, the
farmers will not take all the spring's warer and the scarcity cost will be zero.
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function of the price is to conserve or save water. This is not accurate. The primarily
role of setting an economically appropriate price is to direct producers (and consum-
ers) to utilize water efficiently. If the price is set comparatively high, to reduce water
use, income (welfare) will be reduced. As an example, examine Figure 3; if a price
equal to MC2 is set, when the cost of purchased inputs is MC1, the total quantity
used will be smaller than c and some of the spring's water will not be taken. Its value
will be wasted. So also in a reservoir such as the Coastal Aquifer in which water flows
to the sea, a price set too high will cause too much water to be drained to the sea. This
is a waste. A price that saves wate! over and above its efficient use, causes waste. The
purpose of prices is not to save water but to inform the users about the marginal social
cost of the resource,

THE EVOLUTION OF WATER COSTS IN ISRAEL

Figure 4 depicts the major features of the evolution of cost in the water economy of
Israel. The horizontal axis traces the development of the water economy; both its
technical expansion - from local withdrawals to distance supply, and then to seawater
desalination - and historically, from the establishing of the State to the present and to
future expected developments.

As seen in Figure 4, the cost of local production is 0.12 US dollars per CM, while the
cost of water supplied by the national project is $0.35. Desalinated sea\(,ater costs $0.60
per CM. (The numbers are not exact or average costs; they are approximate values used

for illustration.) These are the costs of purchased inputs.'Where is scarcity cost? This
cost varies along the X axis; that is, through time. Examine, as an example, the situation
in 1970 (the demand curve marked 1970 represents approximately the situation in that
year). There is local withdrawal in the Coastal region and, in addition, water is moved
from Lake Kinneret southward. A simple way to calculate the scarcity value of the water
in the Coastal Aquifer is to compute the difference between the cost of water brought
by the National Project and that of local production; that is, $0.23 per CM (0.35-0.12).
This calculation is based on the assumption of an equilibrium prevailing in the coastal
region: the users of water in the region pay $0.35 per CM and this is also the VMP on
their farms. Therefore, the opportunity cost (total cost) is $0.35 per CM and the scarcity
cost, as seen above, is the total cost minus the cost of purchased inputs. This magnitude,
$0.23 per CM will therefore be the efficient extraction levy in the Coastal Aquifer.

What is the scarcity cost in Lake Kinneret? Let's start with 1970;by the assump-
tion underlying Figure 4, we have not made use in this year of all the available water.
The situation in the lake was then like the situation depicted in Figure 3 with pur-
chased cost MC2, the scarcity cost of the lake's water was then zero. It will be $0.25
per CM in 2015 (60-35).

PRICES AND LEVIES

There are three major sets of water prices in Israel: prices for fresh and recycled
water supplied by Mekorot, prices charged in the urban sector, prices charged by "pri-
vate" suppliers - mostly regional cooperatives. In additron, payments are collected
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The quotas were set many years ago and they have not changed much since.
In dry years, farmers mav be limited to take only part of the quoL, but the price
structure does not change. A "water consumer" in agriculture is a privat. fa.*e., ,
kibbutz (communal village), or a moshav (cooperative village). In the last case, indi-
vidual operators in the cooperative are not constrained privately by quotas, the coop
may distribute the Moshav's allotment and charge the members as it sees fit.

By an agreement between the government and representatives of the farmers,
water prices will gradually rise until they reach average cost of supply including the
cost of purchased desalinated water. It is expected that by 2015 prices will be S0%
higher than today.

Recycled effluent

Treated urban sewage is mostly used in agriculture. Mekorot operates two large recy-
cling plants, near Tel Aviv and near Haifa, and several smaller facilities. All others aie
owned and run by local operators, mostly regional agricultural cooperatives. Meko-
rot's.price for recycled efJluent is $0.21 per CM. The construction of private facilities
is subsidized, aiming ro ser cosr equal to Mekorot's charges. (The iJea is that indi-
vidual farmers will pay the same price whether their effluent is provided by Mekorot
or by a regional cooperative.)

Extroction Ieyies

The prices farmer pay Mekorot are the same throughout the counrry. Consequently, the
cost of water to well owners and those pumping directly from rivers or Lake Kinneret
may be significantly lower than to their neighbors who receive water from the national
system. To ameliorate this situation, in the past the government operated an Equaliza-
tion Fund: low cost water users paid into the fund and high.ort .rr"i. were on the receiv-
ing end. In fact, most of the payment wenr ro Mekorot; since the company supplied to
remote and hilly areas. This policy was modified ten years ago. Extraction levies replaced
payments to the Equalization Fund. In principle, extraction levies are to be set .q.,al to
scarcity rents and they may vary according to locality and source of water. In realitS the
levies are not always set as pure economic theory would dictate. However, they do differ
geographically and by sector, rhey also varv by quantity, season, and precipitation.

Farmers in the coastal area who withdraw aquifer water pay block rate levies:

First block, 25% of the withdrawal license
Second block, additional 55%
Third block

$0.02 per CM
0.27
0.41

Farmers in other areas, particularly farmers who draw their water from rivers
and Lake Kinneret, pay much lou,er rates. Some of these are higher in dry years and
lower in rainy times.

The urban sector
Much of the work of the NTater Authority in the last couple of years has been on
tariffs for the urban \ /ater and wastewater corporations. By iaw these tariffs have to
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many of the iarge families were also poor, richer and smaller households supported
poorer and larger ones. This was internal municipal cross subsidization. A problem
with this kind of support is that some cities are inhabited mostly by poor and large
families while the population in others constitutes mostly well to do and small fami-
lies. Consequently, the few relatively "rich" of the poor towns supported their poor
neighbors while the real rich of the better situated cities supported the few poor fami-
lies residing among them. The shift to independent corporations brought this problem
to light and its recognition was behind the suggestion of the 'iTater Authority to set

locality specific prices for Mekorot water. In other words, locality specific prices will
prevail even when (and if) all corporations reach the same levei of efficiency and have

identical internal costs. (The complicated price structure could be avoided if tariffs
were not set at block rates and only one price was charged. But this simple solution
was politically unacceptable.)

In the past, the prices Mekorot charged did not cover the cost of provision and
the government supported the company regularly from state budgets. Now, the tariffs
are set so thar the total payment the company collects covers all its costs (Mekorot
is not charged ertraction levies). In fact, urban consumers cover part of the cost of
supplying water to agriculture. The'$fater Authority estimates that this cross subsidi-
zation element adds $0.24 per CM to urban water price. When farm prices rise in the
coming years, as agreed, urban prices mav be lowered. Once this is done, water prices
to the agricultural sector will not be supported any more. However, as in the urban
secto! farm prices are and will be cross-subsidized internaliy: Mekorot charges iden-
tical prices from all users in agriculture and farmers in 1ow cost areas support water
provision to their high cost colleagues.
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Chapter 4
Water in Agriculture

Yoav Kislev

The provision of water to agriculture, as well as to the other sectors of the
economy, rests mainly on two principal foundations. The first is the 1959 Water
Law, stipulating that all the water sources in the country are publicly owned and
indicating that there are no private property rights over water or its use. The second
foundation is the national system and the North-South Carrier around which the
water system is built. Based on these constructs, Israel managed to provide water
to agriculture, since its early days, not only in the rainy north, but also in the dry
southern parts of the country.

Most of the water supply to agriculture in its early days was of freshwater
(Table 4.1). The quantities grew gradually and peaked in 1985 (partly overdrafting);
since then, the quantity the sector receives has decreased. Recent changes reflect
both reduced precipitation—perhaps due to global warming—and expansion of the
urban population: freshwater was diverted to urban consumption, with additional
quantities of desalinated seawater, and treated sewage was returned to agriculture as
recycled effluent. The legal regime of public ownership and the structural intercon-
nectedness of the national system enabled a relatively smooth transformation of the
water economy: the quantity of freshwater in agriculture in 2010 was less than 40%
of the 1985 allotment. It would have been much more difficult and a lot more costly
to achieve such a transformation under a completely decentralized infrastructure and
a legal doctrine of private property rights in water.

The chapter draws on The Water Economy of Israel prepared for the Taub Center www.taubcenter.
org.il. (Kislev 2012).
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Table 4.1 Water in
agriculture, million cubic
meters

Freshwater Recycled Marginal Total

1962 1,039 105 1,144
1985 1,235 43 155 1,433
2010 476 414 210 1,100

Source: Central Bureau of Statistics and the Water
Authority
Note: Marginal is saline and floodwater

Examination of the agricultural water sector brings forward, not only successful
allocation and reallocation, but also problem areas. This chapter will open with a
review of developments and then turn to several policy issues.

4.1 Consumption and Production

Today, 40% of the water used in agriculture is supplied from its own facilities,
mainly owned by regional and local cooperatives; the rest is provided by Mekorot.
In the early days of the state, the supply to agriculture was limited to water from
local sources—from the Sea of Galilee, wells, and rivers to irrigated fields close by.
With the completion of the national carrier—one of the largest projects of the young
state—the supply to agriculture quadrupled and expanded to all parts of the country.
Yet, in the past 50 years, as can be seen in Table 4.1 and Fig. 4.1, the quantity
supplied to this sector has not grown significantly.

The period beginning in the mid-1980s is characterized by a gradual shift from
freshwater to recycled effluent and other marginal water, as well as by supply
fluctuations. Despite the fact that the water quantity did not increase, the output
of crops—vegetables, field crops, and orchards, agriculture’s water consumers—
steadily grew. In the past four decades, output of crops per unit of water has grown
sevenfold, and once again, as can be seen in Fig. 4.1, this halting of the expansion
of water supply has not slowed the expansion of agricultural production.

Many view the increase in agricultural production per unit of water as a measure
of the success of Israel’s irrigation technology. An OECD report (2010, Executive
Summary) referred in this context to “an innovation culture spanning several
decades.” Israel’s technology shows impressive achievements, but water is not the
only factor responsible for the development of agricultural production. Among the
other factors are the following: since the 1960s, the quantity of fertilizer used in
agriculture has increased 50%; the quantities of fuel and oil used for machinery
have doubled; and herbicide and pesticide use has tripled. Moreover, in the past
decade, the area covered by greenhouses has doubled, and foreign labor has been
added to the labor force, mostly excellent workers from Thailand. In contrast, the
number of self-employed farmers has dropped, concentrating production into the
hands of a relatively small number of professionals who can manage large farms.
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Fig. 4.1 Water and crops, 1950–2009 (Source: Central Bureau of Statistics)

These factors and others were combined with the technological achievements that
have brought about a marked increase in agricultural production. Improvement in
water technology has not been its only cause.

4.2 The Food-Water Balance

The quantity of water available in Israel does not suffice for production to cover
the entire food needs of the country’s population. A simple computation will
demonstrate this, even if only with approximate figures. The computation is based
on an approach developed by Tony Allan (2000) according to which food trade, or
trade in other products, is actually trade in water used in the production process.
While the products themselves are dry or contain only tiny quantities of water, their
production requires water; consequently, export and import of food can be regarded
as if they were trade in water. The term coined is virtual water.

In approximate terms, the quantity of water needed for producing 1 kg of grain
seed (wheat, barley, and so forth) is 1 CM (precipitation or irrigation), and the
quantity of food needed to feed one human is the equivalent of 1 ton of wheat per
year or 1,000 CM of water. Therefore, in the first part of Table 4.2, the quantity
of water needed to feed Israel’s population (including foreign laborers and tourists)
is written as 7,800 million CM of water per year. Add to that water for the urban
sector and industry, and the total quantity of water needed is 8,600 million CM a
year. Israel’s available water, again in rough terms, is 1,500 million CM a year in
the soil (from precipitation that wets the ground of fields and gardens) and 2,000
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Table 4.2 Water balance and food import in approximate figures

Needs (water, million CM/year) Resources (water, million CM/year)

Food 7,800 In soil (from rain) 1,500
Home and urban 690 Extraction and recycled 2,000
Industry 110 Export �500

Total 3,000
Import of virtual water 5,600

Total 8,600 Total 8,600

Main food imports Thousands of tons
Virtual water, cubic
meters per ton

Virtual water, millions
of cubic meters

Grains 3,200 1:0 3,200
Oilseeds 394 1:3 512
Sugar 492 1:5 738
Beef 63 16:0 1,008
Total 5,458

Sources: Water – my estimates; food – 2009 Central Bureau of Statistics figures for foreign
trade; virtual water – www.waterFootprint.org and my adjustments

million CM a year provided from natural and other sources. Subtract water for
export crops—citrus, flowers, and others—estimated as 500 million CM a year, and
one reaches the total available quantity of 3,000 million CM a year; hence, the yearly
deficit is 5,600 million CM.

The second part of the table shows virtual water imports. For example, in Israel
there is an import of 63,000 tons of beef a year. The quantity of water needed to
raise 1 kg of beef is 16 CM, so that the imported beef contains a billion CM of
virtual water. The aggregate quantity of the four main food groups in the table is
5,458 million CM of water a year.

Israel imports and exports many products containing virtual water. Although the
balance in Table 4.2 is not complete, as even the food sector is not covered fully, it
leads to a clear conclusion: we cannot be independent in our food supply, as Israel’s
water resources suffice to produce less than half of the quantity of food needed to
feed its population; even large-scale desalination will not change this conclusion.
The additional food that we consume is produced abroad, and we import it against
exports of industrial products, services, and knowledge (virtual water can also be
quantified in imported and exported industrial products).

Other countries in our region also need to import food, that is, virtual water.
Tony Allan found that the Middle East is more dependent than any other region
on virtual water imports. He remarked that this import added in the prevention
of war: if we did not import food, the region’s inhabitants would have fought
desperately for every drop of water. Here is a contribution of globalization to
peace.

www.waterFootprint.org
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4.3 Costs, Prices, and Levies

About 60% of water for agriculture is supplied by Mekorot. The prices that Mekorot
charges are set in rules determined by the Water Authority. The prices charged by
other suppliers—mostly regional associations—are not made public, but the Central
Bureau of Statistics publishes aggregate data on the cost of water for all users, both
Mekorot customers and others. These cost figures will be presented below.

The water law distinguishes between the cost of water and water fees. Cost
refers to the cost of extraction and supply, on the “production” side (as distinct
from the cost to users referred to at the end of the previous paragraph), and it
was set in the past in regulations issued by the Minister of Agriculture. Today
this is the responsibility of the Water Authority. Fees are prices paid by the users
of water, which the law allows to be set based on various considerations, among
them the users’ ability to pay (the government has recently adopted a policy of
cost-recovering prices). The law also sets extraction levies that are to reflect water
scarcity and may differ from place to place.

In the past, water prices were determined with the approval of Knesset commit-
tees with no explicit connection to the cost of provision. When the Water Authority
was established, it was tasked with price setting. Yet, just before its establishment
in fall 2006, the government signed an agreement with farmers’ representatives
according to which water prices for agriculture would be set based on the average
Mekorot cost of water supply to the sector, including agriculture’s share of desali-
nated water. (The agreement also stipulated support for investment in agriculture,
but this aspect will not be reviewed here.) According to the agreement, Mekorot’s
costs were to be agreed upon by a joint committee following a comprehensive
study. The committee apparently completed its work, but its findings have not been
published yet. Nevertheless, water prices for agriculture have risen and will continue
to rise in the coming years.

Mekorot’s tariffs for freshwater to agriculture are block rate prices. Each agri-
cultural consumer, whether moshav, kibbutz, or individual farmer, has a basic water
quota (also called 1989 quota and basically set administratively), and the prices paid
are set according to demand relative to the quota in the following manner:1

Block I, Quantity A, 50% of quota NIS 1.650 per CM
Block II, Quantity B, 30% of quota NIS 1.902 per CM
Block III, Quantity C, 20% of quota NIS 2.411 per CM

These prices do not include value-added tax.

The rules also set forth increments to the tariff for the coming years accordingly by
2016, the prices for all blocks will rise by 60 agorot per CM.

1The average exchange rate for 2011 was NIS 3.60 to US$1.
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Fig. 4.2 Water cost index for agriculture and crop price index (Source: Central Bureau of
Statistics)

In some special cases prices are different.
The charge for brackish water is lower, a decreasing function of salinity level.
An extra charge is set for consumption above the quota, termed irregular quantity.
The prices for recycled water supplied by Mekorot were set to be between NIS 0.80
and NIS 1.00, depending on quality.

By law, since 1999, water suppliers are required to pay extraction levies—aimed
to reflect scarcity values—and they are allowed to pass them on to their customers.
The levies differ depending on the water’s end use, its locale, the season—winter or
summer—and whether the year was rainy or dry. In fact, the levy does not apply to
Mekorot and its customers. The levies will be presented in the discussion on policy
below. All of the prices and the levies are linked to indices reflecting changes in the
cost of water provision.

According to the letter of the law, water supply for agriculture is done by
administrative allotment, in quotas: each consumer has a quota that was historically
set by the planning authorities (1989 quota). The quota is supposed to be the
maximum quantity that the consumer will receive. In fact, in recent years—until
the recent crisis—the farmers have not used their full quotas, and the quotas served
only to determine the price blocks (the quotas are reduced in periods of shortages
and crises).

A few factors may affect agricultural water consumption. Figure 4.2 shows two of
these: (1) the index of the cost of water and (2) the index of the price of crops (field
crops, vegetables, and orchards). The indices are real, discounted by the consumer
price index. The cost of water is the average cost per unit (cubic meter) of all types
of water from all sources—not only payments to Mekorot—and it is the cost to
the farmers. For those purchasing water, the cost is the buying price, and for those
supplying water themselves, the cost is of self supply.
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The average cost in Fig. 4.2 was stable for Israel’s first two decades, then rose
sharply in the 1970s together with energy prices (in the wake of rising energy prices,
the cost of self-extraction rose, as did prices paid by farmers to Mekorot), and then
rose again gradually from the 1990s until today. Over a 50-year period, the real
cost of water quadrupled. In contrast, the trend in crop output prices has been a
downward one, despite a temporary increase in the 1970s.

Today, product prices are approximately 40% of the real price that applied at
the beginning of the 1950s. That is, in the period following the establishment of
the state, prices were two-and-a-half times higher than what they are today. The
reduction in price of Israeli agricultural products reflects a rise in productivity and
a reduction in world market prices, both of Israeli exports and imports that compete
with local products.

Water constitutes only a fraction—and frequently not a large one—of the total
cost of producing agricultural products; therefore, a reduction in produce prices
likely had a stronger effect on the demand for water than the rise in the cost of the
water itself. Indeed, when agricultural product prices were relatively high, in the
1970s, farmers used their water quotas fully and even surpassed them, while later,
when prices decreased, agriculture did not utilize all its allocations.

4.4 Policy

Examining agricultural water policy raises four issues: allocation to the sector and
diversion of freshwater for urban uses, allocation among agricultural subsectors,
tariffs, and levies in the country’s regions, and cross-subsidization.

4.4.1 Allocation to Agriculture

In Israel’s early years (the first decade after its establishment in 1948), particularly
following the wave of immigration and mass settling of the land, agriculture was
the main consumer of water, and the large water projects—the national carrier and
the mains to the mountains, Negev and Arava—were laid to provide for the needs
of agriculture. As the water sector developed, allocation to agriculture increased
and peaked in the mid-1980s, as we saw in Table 4.1. Yet, over the years, Israel’s
population grew, urban water consumption increased, and freshwater was diverted
from agriculture to the urban sector, partly replaced by recycle effluent.

The reduction of water allocation to agriculture came under criticism that was
not always justified. The gradual diversion of freshwater from agriculture to urban
consumption is one aspect of Israel’s general and economic development, as well
as that of world markets. For comparison, one can look at parallel changes that
have taken place in the numbers of workers in agriculture. These changes were
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accepted uncritically: more than 120,000 people were employed in agriculture at the
beginning of the 1960s; today fewer than 70,000 are employed in the sector, many
of them are foreign workers. The number of Israelis employed today in agriculture
is less than a third of what it was 40 years ago, although over that period, the
population of the country tripled. The main cause of the reduction in the number of
workers in agriculture—both self-employed and laborers—is the rise in income and
salaries in other industries. Farmers and their children have shifted to occupations
and income sources outside agriculture. At the same time, increased productivity—
including improvements in water utilization—has enabled maintaining and even
expanding the supply of fresh food to the growing population with a small and
diminishing number of workers.

The gradual shift of freshwater from agriculture to other sectors is therefore part
of the growth process and the change in the structure of Israel’s economy. The
freshwater goes over to the urban sector and is replaced, though only partially, by
recycled water. It is likely that this shift would have been accepted uncritically if it
had been accompanied by a sharper rise in the price of water than that which actually
occurred. The farmers would then have voluntarily reduced the quantities of water
that they took. Yet, the policy was one of price supports for agricultural water—
because of appreciation of the difficulties of the sector, for the sake of maintaining
a green environment, and due to agriculture’s political power. Since the directing of
water is in the hands of the state, and the decisions of government agencies have
been to reduce supply to agriculture, the changes in water use have been perceived
as coercive and arbitrary, thus generating sharp criticism on the parts of the farmers.

The gradual diminishment in the quantity of water supplied to agriculture was
accompanied by another phenomenon, which generated even sharper criticism: that
of repeated reductions in the water allocated to agriculture in dry periods (the
fluctuations in the water graph in Fig. 4.1). Agriculture has borne the burden of
the crises in the water sector, and according to its spokespeople, it has become
“the fourth aquifer” to which the authorities came running every time there was
a shortage. This phenomenon stemmed from the inability to reduce significantly
and instantly water supply to urban consumption, from the fact that when all
sources were tapped the water sector became tight, all development possibilities
were practically exploited, and, above all, due to intense overdrafting that depleted
the quantities of water in the reservoirs, leaving no reserves for hard times.

4.4.2 Allocations to Subsectors Within Agriculture

Households, institutions, offices, and others in the urban sector are not restricted in
their water consumption; they are free to take as they please in exchange for paying
the tariffs. As explained previously, a combined method prevails in agriculture:
initial water allotment is administrative—each consumer has a basic quota—and
the payment for the water is a function of quota utilization.
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Water allotment, the quota, affects the farm economy in four main ways:

Initial allotment determines the structure of the farm and the farmer’s ability to
develop water-intensive crops or others.

Tariff setting: With block rate prices, a farmer who has a large quota can receive a
greater quantity of water at the lower price of Quantity A.

Conversion to effluent: A farmer converting freshwater quota receives a quota of
effluent of 1.2 CM for every CM of freshwater given up (for the high-quality
Shafdan, the ratio is 1:1).

Mainly felt today, the quota is the basis for the reduced quantity of water to be used
in times of emergency.

There are considerable differences in allocations to the agriculture subsectors.
The most recent detailed numbers that I found are for 1998–1999. The quantity
of water used then in agriculture was more than 25% larger of today’s provision,
yet there have been no significant changes in the proportional allocation to the
subsectors since.

The data are presented in Table 4.3. Looking at the quotas (column 2), for 270
kibbutzim, the quota was 678 million cubic meters a year, whereas 411 moshavim
were awarded only 519 million cubic meters a year. Neither the kibbutzim nor the
moshavim used all of their quotas in 1999 (column 3). Only the non-Jewish sector
used all its allocated water.

Looking at the allotment per land unit (column 4), the kibbutzim had more water
than the moshavim; and the two sectors had a much larger quantity than did the non-
Jewish sector. The land area of a farm community is practically a set size, whereas
in contrast, labor input varies, and as such, it makes sense to associate it not with the
quota, but rather to the actual water use (column 5). Here the differences between the
sectors are large: six workdays per 1,000 CM in the kibbutzim; in the moshavim 23
workdays per 1,000 CM; and in the non-Jewish sector 50 workdays per 1,000 CM.
Farmers who had at their disposal smaller quantities of water used them for labor-
intensive crops, they “squeezed” the water more.

One explanation for the differential allocation to the subsectors is that it reflects
a basic planning approach: kibbutz agriculture was built for large areas and
mechanization. In the figures in Table 4.3, the average land area of a kibbutz in
1999 was 4,700 dunams, with water allotted commensurately. The average land
area of a moshav was 2,600 dunams, and water allocation was accordingly smaller,
on the assumption that the moshavim would engage in labor-intensive agriculture
(the communal moshavim fell in between). Although this explanation is historically
correct, these planned assignments led to differing allocations, with the kibbutzim
still being able, if they so desired, to go over to labor-intensive crops, but the
moshavim do not have the corresponding option of growing land- and water-
intensive crops. A moshav farmer who wishes to expand has to collect means
of production from others in the community or the region. The planning-based
explanation for land and water distribution to Jewish communities does not apply to
the non-Jewish sector; here the explanation appears to be clear-cut discrimination.
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Recently, the Ministry of Agriculture has permitted quota trading. Although this
option does relieve certain difficulties, the relief is only partial because trading is
restricted, and—perhaps needless to say—only a farmer who was awarded a quota
in the past can now transfer it in exchange for payment or for free.

4.4.3 Regional Tariffs and Levies

The data on water allocation point to differences between subsectors. The main
differences in tariffs and levies are between regions. They reflect, however, not
only regional conditions but also differences in organization and internal politics
within agriculture. To focus, we consider only freshwater. As has been explained
previously, in setting the tariffs that Mekorot’s agricultural customers pay, the
Council of the Water Authority follows the 2006 agreement. Farmers who are
not Mekorot customers pay extraction levies set forth in the water law upon
recommendation of the Water Authority Council. Thus, the farmers are divided (in
paying for freshwater) into two groups: those who pay Mekorot tariffs and those
who cover their own cost of supply and pay extraction levies. The tariffs of Mekorot
are identical, uniform tariffs (though block rate prices) almost everywhere; the levies
differ from place to place and season to season.

The schedule of levies in use today was first set as the second addendum to
the water law in the fall of 2006, at the same time that the agreement with the
farmers was formulated. Thus, the price agreement and the second amendment are,
in fact, a single package. Regarding extraction levies, Israel is divided into three
regions: disconnected (the Harod Valley, the Beit Sh’ean Valley, the lower Jordan
Valley, the Dead Sea, and the Arava), the Sea of Galilee area (Mı̀gdal, Tiberias, the
Jordan Valley, Yavniel Valley, the Golan, and the Upper Galilee), and the country
system (all other places). The levies are defined in different values for extraction
from aquifers and from surface water. Regarding the latter, a distinction is made
between upper, mid-level, and downstream, as well as three hydrological conditions.
(I did not manage to obtain from the Water Authority the geographical definition of
the surface water regions.)

Table 4.4 shows the tariff and the levies for the country system in round numbers.
The Mekorot tariff is repeated here for comparison. The extraction levies in the
table are my calculations, using values from the tables in the second addendum to
the water law, for mid-level surface water, for an average hydrological condition;
extraction of downstream water is not levied. Table 4.5 shows selected extraction
levy values for the disconnected and the Sea of Galilee region. Extraction to
reservoirs in the Golan during the winter is exempt from levies; a levy does apply
to pumping freshwater from these reservoirs, at a rate of 40% of that applying to
surface water in the Sea of Galilee region.

As the values in the tables show, the highest price is the tariff for Mekorot
freshwater, the next highest are the extraction levies in the country system; far
behind are the extraction levies in the disconnected and Sea of Galilee regions. The
differences are large by any measure.
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Table 4.4 Mekorot tariff
and extraction levies
in the country system agorot
per cubic meter

Extraction levy

Mekorot
freshwater Aquifer

Surface
water

Quantity A 165 5 21

Quantity B 190 102 118

Quantity C 241 150 150

Average 188 63 76

Source: Water Authority website
Note: Mekorot’s tariff applies to all regions, with
the exception of a few unique cases

Table 4.5 Extraction levies
in disconnected and Sea
of Galilee regions agorot per
cubic meter

Disconnected Sea of Galilee

Aquifer
Quantity A 1 5

Quantity B 3 13

Quantity C 4 21

Average 2 11

Mid-level surface water
Quantity A 0 4

Quantity B 1 11

Quantity C 2 17

Average 1 9

Source: The second addendum of the water law

Examination of the tables leads to several observations. The first is that there
are two aspects to the regional extraction levy: (1) the allocation aspect and (2) the
equality aspect. To begin with the former, the levies affect the national water system
only in cases in which they are imposed in places that are connected—directly or
indirectly—to the national water economy. This is the case in the Sea of Galilee
region. Water taken in the Golan or the Upper Galilee does not reach the Sea of
Galilee, thereby subtracting from the water balance of other parts of the country.
With exceptionally low extraction levies, farmers in the Sea of Galilee region receive
economic signals that differ markedly from those sent to others who also share water
resources in the national system. The situation is different regarding water in the
disconnected region. There allocation is internal and the decision on extraction is
regional, without affecting the national system.

Considering intra-sector equality, it may be argued that all farmers should bear
similarly structured levies, for example, in each region a levy reflecting local
water scarcity. This view leads to another point that arises when examining the
tables, which is agriculture’s internal political organization. The lion’s share of
water supply in the north, the disconnected, and the Sea of Galilee regions is the
responsibility of water associations that are regional cooperatives whose members
are kibbutzim and moshavim. Naturally, these associations are also platforms for
political activity, not in the partisan sense, but in the sense of negotiations with the
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public officials. The representatives of the associations bring the requests and needs
of their member to the table. In contrast, Mekorot customers and farmers in the
national system usually stand alone, each one and his connection to the national
supplier or local provider; they have no collective voice. The organized farmers
have more power than the others, and this may be the root of the great differences
in users’ water cost seen in Tables 4.4 and 4.5.

Another issue relates not to Tables 4.4 and 4.5, but to the underlying law.
As already indicated, the Water Authority Council sets tariffs in rules, whereas
extraction levies are considered a tax, and therefore, they are set forth in the water
law itself (not in rules that are bylaws). Amendments to the law are made only after
a decision by the Water Authority Council is presented for discussion and approval
in the Knesset Finance Committee.

The levies themselves are not quoted in the law; in their stead, the law specifies a
series of tables whose figures are multiplied by each other in order to get the actual
values of the levies. In fact all the levies could have been printed out on a single
sheet, but this was not done and the information was not presented in this simple
way to the Water Authority Council or to the Knesset Finance Committee. It is hard
not to reach the conclusion that the Water Authority has an interest in hiding the
levies and the differences between them. Indeed, it has succeeded in doing so: the
members of its council and of the Knesset Finance Committee approved a clearly
inequitable tax without bothering to learn what it actually was.

4.4.4 Subsidies and Cross-Subsidization

The term subsidy applies generally to support by the public at large, by the state
budget, to a sector or commodity. Cross-subsidization is support of one group of the
public by another.

For a long time the state budget supported Mekorot and water prices for
consumers, particularly for agriculture, that were lower than the cost of supply.
Beginning in 2008, water prices have been set such that consumers’ entire payment
cover Mekorot’s cost in full. Household and other consumers in the urban sector
cross-subsidize water prices in agriculture. The Water Authority estimated this
support to be at 90 agorot per CM of urban consumption (for 2011). As explained
earlier, the price of freshwater in agriculture will rise, and cross-subsidization will
decrease; some subsidy will however remain to cover the cost of the recycled
Shafdan water and the effluents.

Another cross-subsidy will be applied within the farm sector: by the 2006
agreement, future freshwater prices of Mekorot will be set to cover the cost of
provision to agriculture. This means that farmers in low-cost areas will cross-
subsidize supply to high-cost regions; that is, some farmers, Mekorot’s consumers,
not all farmers and not the country’s public at large, will carry the burden of
supporting irrigation in the mountains and in the Southern Arava valley.



64 Y. Kislev

At this point, it should also be mentioned that the state budget supports various
activities in the water economy, among them, sewage treatment and effluent recy-
cling. This dimension of government support is not reviewed in the current chapter.

4.5 Looking Ahead

As seen earlier in the chapter, after growing for several decades, the supply of
water to agriculture has been characterized, over the last 30 years, by a decreasing
and fluctuating trend. Crop planning was uncertain and provision was sometimes
curtailed in mid-season. Judging from recent developments of seawater desalination
in Israel, barring climate catastrophes, agriculture can expect stable supply of water
in the coming years. The provision of recycled effluent may even increase as
population grows and treatment facilities expand.

Ample supply is costly and in the coming years farmers will have to pay
increasing prices for water. Although agriculture is still regarded highly in Israel as
the supplier of fresh food and the guardian of the environment, contributing barely
2% of net national product, it cannot expect to master in the future the political
power that had enabled it to enjoy in the past heavily subsidized water tariffs.

The water economy of Israel is mature in the sense that most of its facilities—
networks, desalination plants, sewage treatment, and recycling systems—are in
place or being constructed these days. But maturity is not stagnation: urban
population is growing, health and environmental regulations are tightened, and
equipment and infrastructure have to be replaced and updated. The water sector
will undergo substantial changes in the future, changes that may affect agriculture
significantly. The central authority responsible for the governance and the regulation
of the sector has been strengthened since the establishment of the Water Authority
in 2007, and the share of the largest single utility, Mekorot, in service provision
is growing as supply is augmented with desalinated water. These developments
call for increasing public participation in the leadership of the sector: deliberations
and decisions have to be transparent, information disseminated, and stakeholders in
agriculture, town, and industry has to be routinely consulted. The water sector has
still a long way to go in this direction.
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