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Figure 'l 0.1 A Map of lsrael and the National Water Carrier network.
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The major water arteries are marked by solid Iines, the minor arteries by broken
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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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136 Yonv Krsrrv

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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Figure 10.4 Three Epocrs -
Products (1 952 = 1 00).
Source'. State of lsrael, Cer:-:
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I38 Yonv Ktsrrv'

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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Figure 10.5 Price Indices - -.
Source: State of lsrael, Cer'l': :
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Figure 10.6 Water in Agriculture, quota and use (Mm] per year).
Source'. For uses: State of Israel, Central Bureau of Statistics, Statistical Abstract of
/srael, various years. For quota: Assaf Perez, Water Market Regulations in lsrael:

Quota, Prices, and Political Lobbying (Rehovot: Hebrew University of Jerusalem,
MSc Thesis, 1999).
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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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