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Abstract 

This paper develops an econometric-based structural model of farmland allocation that is 

based on an explicit formulation of farm profit and production functions, and hence can be 

linked to a market-level demand model. The model accounts for the presence of corner 

solutions in land share decisions; this enables using disaggregated data for the estimation, and 

thereby allows treating prices as exogenous. The integrated model enables assessing the 

impact of climate change on agriculture under partial equilibrium in the markets of vegetative 

products, while incorporating the production responses of the micro units used for estimating 

the land-use model. We apply the method to Israeli data, and obtain simulated adverse effects 

of climate change on farm profits. These effects are considerably lower compared to the case 

in which the price-feedback effects on agricultural supply are overlooked. 

 

Key words: climate change; adaptation; agricultural land use; structural analysis 

JEL: Q12; Q13; Q15; Q54 
 
 
_____________________________ 
 
* Corresponding author: Dr. Iddo Kan, Department of Agricultural Economics and Management, The 
Hebrew University of Jerusalem, P.O. Box 12, Rehovot 76100, Israel, iddo.kan@mail.huji.ac.il. 
Financial support from the Center for Agricultural Economic Research (Israel), Research Institute for 
Humanity and Nature (Japan) and the Sir Zelman Cowen Universities Fund at the University of 
Sydney is gratefully acknowledged. We received useful comments and suggestions from seminar 
participants at the Hebrew University, RIHN, UNU-WIDER and University of Sydney. All errors are 
exclusively ours. 
 



3 
 

Introduction 

Economic assessments of climate-change impacts on agriculture that ignore price responses to 

changes in supply could lead to biased results. Owing to their ability to capture economic 

interactions among quantities and prices of multiple products and regions, general and partial 

equilibrium models are powerful tools for assessing climate change effects on agriculture. 

These macro-level models are frequently linked with micro-level agricultural production 

models that represent farmers' optimal responses to changes in exogenous variables such as 

climate, prices and policy instruments. So far, such micro-level models were developed based 

on the mathematical programming approach, in which agricultural production is represented 

explicitly, and therefore these models can be easily integrated with macro-level equilibrium 

models (e.g., Howitt et al., 2003; Arndt et al., 2011; Arndt et al., 2012; Palatnik et al., 2011; 

Robinson et al., 2012). The agricultural production functions in the micro-level models are 

often calibrated, or derived from estimates external to the model, and therefore they reflect the 

behavior of representative agents (Michetti, 2012). That is, there is no direct linkage between 

the macro-level equilibrium model and the dataset used to derive the agricultural production 

functions in the micro-level model. Consequently, the overall analysis does not capture the 

variability incorporated in this dataset with respect to productivity and farmers’ optimal 

responses to changes in exogenous and endogenous variables. Moreover, while programming 

models are based on theoretical economic assumptions (e.g., profit function attributes), they 

cannot test for the validity of these assumptions. The objective of this paper is to overcome 

these drawbacks by developing a partial equilibrium model which incorporates a direct link 

between a structural econometric-based micro-level agricultural supply model and a macro-

level demand model. 

Two types of econometric-based models are widely used in economic analyses of climate 

change, both are based on the idea that observed farm management practices and profits 
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reflect farmers’ optimal responses to external factors. The first are land-use models, which 

utilize spatial variability in climate conditions to explore climate-change adaptation measures 

(e.g., Mendelsohn and Dinar, 2003; Kurukulasuriya and Mendelsohn, 2008; Seo and 

Mendelsohn, 2008; Fleischer, Mendelsohn, and Dinar, 2011). The second type of models 

employ the Ricardian or Hedonic approach (Mendelsohn et al., 1994; Schlenker et al., 2005; 

Deschênes and Greenstone, 2007), in which spatial variation in farm profits or land values are 

explained by economic and environmental variables, including climate. However, both types 

of models do not explicitly estimate production functions, and therefore cannot be linked to 

macro-level models; hence, prices are considered exogenous when the consequences of future 

climate changes are simulated (Cline, 1996; Darwin, 1999).   

In this paper we adopt the structural modeling approach used by Kaminski, Kan and 

Fleischer (2013). The approach relies on a recursive decision-making process: farmers 

allocate land across crop-bundles at the beginning of the growing season based on anticipated 

end-of-season per-hectare profits of these bundles, where these anticipated profits are based 

on farmers’ long-term experience with respect to weather during the growing season; that is, 

based on climate. Hence, spatial variation in climate conditions is reflected by spatial 

variation in the anticipated relative profitability of bundles, which in turn dictates the 

observed spatial variation in land allocation among bundles. The profit function assumed by 

Kaminski, Kan and Fleischer (2013) enables the use of readily available crop-acreage data for 

estimating per-hectare production and cost functions, as well as testing whether the estimated 

profit function complies with economic theory. The use of land-use data rather than land 

values avoids the need to rely on the presence of perfect input and land markets, as assumed 

by the Ricardian approach. More important for the purpose of this study, agricultural 

production and output prices are expressed explicitly in this model; we utilize this particular 

property to link this econometric-based micro-level agricultural supply model with a macro-
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level demand model, such that the two models feed into one another to determine the 

equilibrium quantities and prices of agricultural products. 

Our analysis has two major advantages over the modeling strategy used by Kaminski, Kan 

and Fleischer (2013). First, by using regional land-allocation data, they avoided the need to 

deal with corner solutions (land shares of 0 or 1). However, at the regional level, prices may 

be endogenous. Our analysis uses disaggregated data at the community level, where prices can 

be safely considered exogenous. This requires us to use an estimation strategy that controls 

for the presence of non-negligible number of observations with corner solutions. Second, 

Kaminski, Kan and Fleischer (2013) simulated the impact of climate change while ignoring 

the responses of output prices to supply changes. We account for these price feedback effects 

by linking the micro-level land-use model to a macro-level demand model, and simulate 

country-wide partial equilibrium. Thus, prices are exogenous in the estimation and 

endogenous in the simulations.  

We illustrate the performance of our approach using Israeli data. Israel is particularly 

suitable for studying the impact of climate change on agriculture, because of its diversified 

climate conditions, from subtropical in the north to arid in the south, within a relatively small 

distance. In addition, Israeli agriculture is technologically advanced, and has enjoyed decades 

of experience of adaptation to varying and unfavorable climate conditions. Not surprisingly, 

previous studies of the impact of climate change on Israeli agriculture cover the entire range 

of methodologies described above. Specifically, Kan et al. (2007) applied the mathematical 

programming technique to regional data from Israel, while Fleischer et al. (2008) applied the 

Ricardian approach to micro data. The impact of climate change on agricultural decisions in 

Israel was analyzed further by Fleischer et al. (2011), who used a discrete choice model in 

which farmers choose among a set of crop-technology bundles, and by Kaminski, Kan and 

Fleischer (2013) based on their aforementioned structural model. In all of these studies output 
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prices were assumed constant and exogenous in the simulations of climate change. This 

assumption is particularly problematic in the case of Israel, and could lead to considerable 

bias even if global food prices are stable; this is because the Israeli government limits imports 

of many agricultural products through import tariffs, quantity limitations, and other 

institutional means (OECD, 2010); hence, many crop prices are determined internally. 

Therefore, a partial equilibrium model, in which prices are determined endogenously, is much 

more suitable for assessing the ramifications of climate change in the case of Israel. 

We use existing predictions of climate changes over the next few decades (Krichak et al., 

2011) to simulate changes in crop portfolios, farmland allocations, agricultural production, 

output prices and producer and consumer surpluses. We compare the results obtained under 

two policy scenarios: (1) free trade, where the prices of all crop outputs equal their world 

counterparts, which are assumed fixed; simulations under this scenario are equivalent to 

results of a model that does not allow the feedback effect of prices on land-allocation 

decisions, as in earlier econometric-based studies; (2) a scenario of restricted trade, where 

local prices are determined by partial equilibrium conditions in the presence of import tariffs. 

Our simulations predict substantial reduction in producer and consumer surpluses, where the 

reductions are considerably lower under the restricted-trade scenario. 

In the next two sections we describe the micro-level supply model and the link between 

the micro- and macro-levels, respectively. After that we present the data sources. Then we 

continue to the empirical results, first to the estimation of the land-use model and then to the 

simulations of climate change. The final section summarizes and discuses implications of the 

results and their policy relevance. 

Micro-Level Supply Model 

We model a vegetative agricultural sector in a small open economy where all goods are freely 

traded except for a subgroup of agricultural products, which are subject to import tariffs. 
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Consider J potential bundles of crops (i.e., groups of field crops, vegetables, etc.) to be grown 

in a farm, and let js  be the land share of crop bundle j, 1,...,j J= . The objective of the farmer 

is to choose the vector of land shares, s, so as to solve the problem: 

 ( ) ( )
1

max =
s

s
J

j j j j
j

s y c cρ
=

Π − −∑  (1)
 

s.t. 
1

= 1
J

j
j

s
=

∑  and 0 1, ...,   js j J≥ ∀ =  

where Π  is the farm's profit (normalized to one hectare), jρ  is the bundle's expected output 

price index, jy  is the expected end-of-season per-hectare yield of bundle j, jc  stands for the 

expected end-of-season bundle-specific per-hectare explicit costs, and ( )c s  is the implicit 

production and management cost function, which represents costs that are neither bundle 

specific, nor independent across bundles; for example, ( )c s  incorporates the costs associated 

with unfeasible production of certain crop bundles in rotating systems and the allocation of 

quasi-fixed inputs such as labor and machinery across crop bundles with different patterns and 

cultivation timing. The function ( )c s  captures the constraints on farmers' acreage decisions 

as motives for bundle diversification; it embeds the shadow values of all binding constraints 

on acreage allocation choices (except the total land constraint) and represents the non-linear 

effects of the allocative input s on farm profits, a feature which is pivotal in positive 

mathematical programming (Howitt, 1995). 

We further specify the yield of each bundle j by the linear function b xj jy = , where b j  is 

a vector of coefficients, and x  is a set of exogenous variables, including climate variables and 

farm characteristics.1 The bundle-specific explicit costs are specified by j j jc wγ δ= + , where 

                                                            
1   While the linear function is adopted to facilitate the analysis, the model can be easily 

extended; for example, Kaminski, Kan and Fleischer (2013) expressed jy  as a quadratic 
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w is the price index of purchased production inputs and jγ  and jδ are coefficients. Thus, the 

expected explicit per-hectare profit of bundle j is: 

 b x v zj j j j j j j j jy c wρ ρ γ δ− = − − ≡  (2)
 

where ( ), ,j j j jγ δ= − −v b  and ( )' , ,1z xj j wρ= . Noteworthy, the vector of exogenous 

variables jz  being bundle specific due to the multiplication of the variables in x  by the 

respective output price index jρ  is crucial for the identification of the production-function 

coefficients, which in turn allows the link between the micro- and macro-level models.  

The function ( )c s  plays a key role in the econometric analysis, as its functional 

specification determines the attributes of the structural equations to be estimated, and 

therefore the required estimation procedure. Carpentier and Letort (2013) and Kaminski, Kan 

and Fleischer (2013) assumed the opposite-entropy function: 

 ( ) ( )
1

1 lns
J

j j
j

c s s
a =

= ∑  (3)
 

where the a parameter, measured in land per money unit and therefore assumed positive, 

reflects the “weight” of the implicit production and management costs in the profit function. 

This is a negative, non-monotonic convex function with respect to js , 1,...,j J= . The non-

monotonicity implies that, ceteris paribus, the implicit costs decline with js  for 

( )exp 1 0js− ≥ ≥  and increase with js  when ( )1 exp 1js≥ > − . Since land shares are 

negatively correlated among them through the land constraint, ( )c s has a minimum at 

1js J=  for all 1,...,j J= .  

                                                                                                                                                                                          
function of per-hectare bundle-specific inputs, and thereby accounted for the impact of 

climate change on optimal input applications and identified the effect of climate variables 

on attributes of agricultural production technologies. 
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The opposite-entropy specification leads to the multinomial logit functional form for the 

optimal land shares (see Appendix A): 

 ( )
( )

*

1

exp

exp

j j
j J

j j
j

a
s

a
=

=

∑

v z

v z
 (4)

 

where *
js  is the optimal land share of bundle j. 

Let i denote a farm in a sample of I farms. To enable estimation we specify bundle J as 

the reference bundle. The selection of the reference bundle is not just a technical issue, since, 

as will be shown later, in order to simulate partial equilibrium, one should identify the 

parameters of the linear yield function b j  for all the J bundles. We take advantage of the fact 

that farmers typically devote non-cultivated agricultural land to roads, storage lots and other 

uses that support the production in the cultivated areas. As in crop cost-and-return studies 

(e.g., see studies by UCDAVIS), the revenue contribution of these supportive lands is 

reflected only through the cultivated areas; that is, 0b J = . Eq. (4) can now be used to obtain 

a system of 1J −  linear land-share regression equations: 

 ( )* *ln V zji Ji j ji jis s u= +  (5)
 

where jiu  is an error term and ( ) ( )( ) ( ), , , ,V b Bj j j J j J j j ja a a G Dγ γ δ δ= − − − − ≡  ; this 

implies that we cannot identify a  and v j , but only the coefficients B j , jG  and jD  in Vj . 

Being flexible, conveniently estimable due to linearity, ensuring that for each observation 

the predicted land shares are between 0 and 1 and add up to 1, the multinomial logit functional 

form was favored over alternative specifications in land-use analyses (e.g., Hardie and Parks, 

1997; Miller and Plantinga, 1999). However, Eq. (5) cannot treat corner solutions. This 

limitation may not emerge when estimation is based on regionally aggregated data, where 

zero land share observations are seldom (e.g., Wu and Segerson, 1995); but at the regional 
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level prices may be endogenous, which requires simultaneous estimation of both prices and 

land shares. The use of disaggregated data can eliminate the endogeneity of prices, but may 

involve a non-negligible number of observations with corner solutions. In such cases, instead 

of estimating Eq. (5), one can estimate Eq. (4) using the quasi maximum likelihood approach, 

by maximizing the fractional multinomial logit likelihood function (Papke and Wooldridge, 

1996; Buis, 2010): 

 ( ) ( )*

1 1

ln ln
I J

ji ji
i j

L s s
= =

= ∑ ∑  (6)
 

where jis  is the observed land share, and *
jis  is as specified in Eq. (4). To enable estimation 

we divide and multiply *
jis  in Eq. (4) by ( )exp vJ Ja z , obtaining 

( ) ( )
1

*

1
exp expV z V z

J

ij j ji j ji
j

s
−

=

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
∑ . 

While this land-use model is structural in the sense that it links the per-hectare profit 

functions expressed in the farming optimization problem to optimal land-use decision, not all 

the profit-function parameters are identifiable, among them is the a parameter. Kaminski, Kan 

and Fleischer (2013) show that, to enable identification of the parameters jv  for 1,..., 1j J= − , 

a can be calibrated by the use of panel data and additional information on crop profitability. 

As will be shown later, for the purpose of this study—the simulation of partial equilibria—

identification of a is not necessary, since a is canceled out in the equations used for linking 

the micro and macro models. 

Linking Micro-Level and Macro-Level Models 

Our objective is to link the estimated micro-level supply model with a macro-level demand 

model for simulating climate-change under partial equilibrium, where this link incorporates 

the aggregated impacts of climate variables and prices on all the observations in the dataset 

used for estimating the supply model. We commence with describing the supply side. 
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Let p
jtφ  denote the simulated output-price index of crop bundle j at some year t, relative to 

year 1 (the base year, representing the sample period), so that 1
p
jφ  is normalized to 1. We 

define a vector of price indices ( )1 1,..., 
p p p
t t J tφ φ −=φ , and the corresponding set of explanatory 

variables ( )' , ,1z xp
ijt jt it wφ=  for every farm 1,...,i I= , bundle 1,..., 1j J= − , and year t, where 

xit  incorporates farm-i’s predicted climate variables at year t. Accordingly, ( )ˆ zj its  is the 

predicted land share calculated by Eq. (4) given the set of variables ( )1,...,z z zit ijt iJ t−=  and the 

estimated coefficients B̂ j , ˆ
jG  and ˆ

jD . Then, the sample aggregated optimal output value for 

each bundle j is predicted by: 

 ( ) ( )
1

ˆ ˆˆ=z z B x
I

p
j t i j it jt j it

i

A l s φ
=
∑  (7) 

where il  is the land area of farm i, and ( )1 ,...,z z zt t It= .  

We use the Laspeyres quantity index to derive the change in the output of crop bundle j 

supplied by local producers in response to changes in the prices and the exogenous variables 

between year 1 and some year t. The local-supply quantity index is: 

 ( ) ( )
( )1

ˆ
ˆ

z
z

z
j ty

j t
j

A
A

φ =  (8) 

In view of Eqs. (7) and (8), the parameter a, which is incorporated in ˆ
jB  (= b ja ), vanishes in 

Eq. (8), and this property enables the simulation without identification of a. 

 We turn to the demand side. Similar to the supply, we formulate a bundle quantity index 

as a function of price indices, but here, rather than bundles of crops, it is based on country-

wide information on individual crops within each bundle. In order to simplify notation, and 

without loss of generality, assume that the number of different crops in each bundle j, 

1,..., 1j J= − , is identical and equal to K. Denote the price of crop k, 1, ...,k K= , of bundle j 
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in year t as kj
tp , and the aggregated quantity of this crop demanded by local consumers as kj

tQ

. Also assume that the country-wide aggregate demand function is of the form: 

 ( )
kj

kj kj kj
t tQ h p

β
=  (9) 

where kjβ  is a known demand elasticity, and kjh  is a calibrated parameter. Assume further 

that all crops in each crop bundle j satisfy the criteria of a composite commodity, i.e., their 

prices change proportionately. Define the Laspeyres demanded-quantity index, q
jtφ , which 

based on Eq. (9) becomes a function of p
jtφ , as: 

 ( )
1 1 1 1

1 1 1

1 1 1 1 1 1
1 1 1

( ) ( )

( ) ( )

kj kj

kj kj

K K K
kj kj kj kj kj kj kj p kj

t t jt
q p k k k
j jt K K K

kj kj kj kj kj kj kj kj

k k k

p Q p h p p h p

p Q p h p p h p

β β

β β

φ
φ φ = = =

= = =

= = =
∑ ∑ ∑

∑ ∑ ∑
 (10) 

We assume partial equilibrium in the base year ( 1t = ), such that ( ) ( )1 1 1zq p y
j j jφ φ φ= =  for 

all 1,..., 1j J= − . In future years, x t  incorporates changed climate variables in relation to the 

base year, such that plugging x t  into the supply-quantity index in Eq. (8) breaches the 

equilibrium. If international trade is free, prices remain unchanged, and the gap between 

demand ( )q p
j jtφ φ  and supply ( )zy

j tφ  for every 1,..., 1j J= −  equals the import or export of 

bundle-j's outputs. If trade is bounded by import tariffs, the set of local price indices  
p
tφ  would 

change. Let  ( )1 1,...,p p p
Jφ φ −=φ  be the set of import prices, which equals the world prices plus 

the country’s import tariffs. We simulate partial equilibrium by solving 

 
( ) ( )( )

1 2

1

min

. .

 

 

z

 

p
t

J
q p y
j jt j t

j

p p
ts t

φ φ φ
−

=

−

≤

∑
φ

φ φ

 (11) 

Eq. (11) links the supply quantity index, which incorporates all the sample dataset, to the 

demand quantity index, which is based on country-wide aggregated data. In addition, having 
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the base-year country’s total production value for every bundle 1,..., 1j J= − , 1 1
1

K
kj kj

k

p Q
=

∑ , one 

can use the simulated values of ( )zy
j tφ  and ( )q p

j jtφ φ  to compute for every year t the country’s 

total value of production supplied by local farmers, ( ) 1 1
1

z
K

y kj kj
j t

k

p Qφ
=

∑ , and the country’s value 

of demanded quantity, ( ) 1 1
1

K
q p kj kj
j jt

k

p Qφ φ
=

∑ . To compute country-wide agricultural profits one 

needs to subtract the production costs from the value of locally supplied products. Let kjL  be 

the total land devoted in the country to crop k in bundle j, and jL  the total land allocated to 

bundle j. Let kjc  be the per-hectare production costs of crop k in bundle j; hence 

1

1

K
kj kj

j j
k

c L c L−

=

= ∑  is the country average per-hectare cost of bundle j. Then, the simulated 

production cost of bundle j at year t, jtC , is computed by 

 1ˆ ˆ1jt j j jt jC c L s s⎡ ⎤= + −⎣ ⎦  (12) 

where 

 ( )
1

ˆ ˆ z
I

i
jt j it

i

ls s
l=

= ∑  (13) 

in which l is the total agricultural land of the farms in the sample.  

Data and Variables 

Our data set is a panel of 8,173 observations encompassing 743 agricultural communities 

(about 85% of all agricultural communities in Israel) over the years 1992-2002, provided by 

the Israeli Ministry of Agriculture and Rural Development (IMARD). Altogether the sample 

covers 264,000 hectares—more than 60% of the agricultural lands in Israel. The land 

allocated to each crop bundle is reported for the community as a whole, so we must treat each 

community as if it was a single decision-making unit. This is in fact true for about 40% of the 
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sample communities, which are Kibbutzim, in which all economic activities, including 

agriculture, are managed collectively. Another 51% of the sample communities are Moshavim 

(cooperative villages with individual farms). While each Moshav member can make his own 

land allocation decisions, being a member of a cooperative imposes some constraints on these 

decisions (Kimhi, 1998). In only 9% of the sample (private communities) agricultural 

decisions of the different farmers are completely independent of each other. 

Our data comprises aggregated land shares of four crop bundles: vegetables, field crops, 

fruits, and the reference bundle of non-cultivated agricultural areas. In Table 1 we present the 

number of observations and average land shares (weighted by total community agricultural 

lands) of the 8 different portfolios of crop bundles. In 5,081 (62%) of the observations all 

three crop bundles are selected for production; this highlights the need to account for corner 

solutions in the estimation. As expected, the land share of field crops is the largest with 45%, 

then fruits (33%), vegetables (15%), and non-cultivated areas (6.5%); the latter varies across 

portfolios between 22% in the communities that produce vegetables only, and 1% when 

production of vegetables is combined with field crops.     

Table 1 about here 

Table 2 defines explanatory variables used in the estimation and reports their sample 

means and standard deviations. 

Table 2 about here 

The climate variables were derived from data produced by RegCM3, a high-resolution, 

25-kilometer climate simulation model (Krichak et al., 2011) especially designed for the 

eastern Mediterranean region. The model provides daily data on ground temperature and 

precipitation, covering the period 1960-2060, of which the years 1960-2005 are used for 

validation, and the rest are future forecasts. While the model does not necessarily predict daily 

weather very accurately, the daily data enable reproducing changes in the moments of the 
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temporal and spatial distributions of the climate variables, which is what is important for our 

analysis. Kirchak et al. (2011) reported that the simulation for the period 1960-2005 was 

successfully validated by actual climate data collected in land-based monitoring stations. 

Their projections for the years 2006-2060 were computed by assuming carbon emissions as 

per the IPCC’s A1B scenario (IPCC, 2001), which forecasts rapid economic growth and 

technological progress along with a decrease in worldwide spatial income inequality. The 

climate variables from the 25-km resolution points of the RegCM3 model were transformed to 

the coordinates of each agricultural community in our sample, using the Inverse Distance 

Weighting (IDW) method. The power 1 IDW specification was chosen due to its superior 

robustness (Kurtzman and Kadmón, 1999). 

The climate variables we use are annual average temperature and cumulative annual 

precipitation. Following Kaufman and Snell (1997), Schlenker et al. (2005), and Deschênes 

and Greenstone (2007), the effect of temperature on crops is represented by Degree Days 

(hereafter DD). DD is the cumulative number of daily Celsius degrees between 8° and 32° 

over a given number of days. Richie and NeSmith (1991) provide agronomic and 

physiological justifications for the use of DD rather than absolute temperatures. We consider 

the climate conditions in the 20-year period of 1981-2000 as those that have affected 

agricultural land use during our sample period 1992-2002. For simulating future periods we 

computed community-specific moving averages of forecasted degree days and precipitation, 

where the value for each year is the average of the preceding 20 years; Figure 1 presents the 

time paths of country-wide average degree days and precipitation. 

Figure 1 about here 

Based on these trends one can identify two climate-change phases: in the first, during 2000-

2030, both temperature and precipitation slightly increase; in the second phase, from 2030 to 
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2060, there is a sharp increase in temperatures accompanied by a significant reduction in 

precipitation. 

In addition to the climate variables, we use a number of variables to explain land 

allocation. Distance to Tel Aviv, the dominant business center of the country, represents 

transportation costs and availability of purchased inputs and services, as well as alternative 

employment opportunities available to farm families (Kimhi and Menahem, 2010). Dummy 

variables of the type of community (Moshav and private communities; Kibbutz is the 

excluded category) represent the decision-making process and level of cooperation within 

each community (Kimhi, 1998). Year of establishment of the community represents the 

different periods in which villages were established, which represent their historical access to 

resources. Dummy variable for light soil may stand for the suitability of farmland to the 

different crops. Water is a public property in Israel, and per-village total irrigation quotas are 

set administratively by the authorities; these quotas are introduced to capture the impact of 

water availability on agricultural production. The total agricultural land of the community 

represents the potential of crop diversification, which is expected to be higher in communities 

with more land due to potential diseconomies of land fragmentation. The last group of 

variables includes price indices. As evidenced by official data (IMARD, 2011), prices are 

homogeneous across Israel. We therefore use country-wide annual output price indices (ρj) 

obtained from the Israel Central Bureau of Statistics (ICBS) for each of the three crop bundles 

over the sample years. Following Kaminski, Kan and Fleischer (2013) we used lagged 

moving averages to reflect farmers’ price expectations that are used in their land-use 

decisions. Since land shares of field crops and vegetables can be adjusted from year to year, 

their price indices were constructed based on the two previous years; for fruits the previous 
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four years were used.2 Finally, we include the previous-year annual price index of purchased 

agricultural inputs (w) relevant for the vegetative sector (Kislev and Vaksin, 2003). Note that 

in the 1992-2002 panel data, only water quotas vary over time and across communities, 

whereas climate variables and other farm characteristics are constant in time, and prices are 

similar for all communities.  

For the simulations we need country-wide data to obtain aggregate supply, production 

costs and demand-function parameters in the base period, which is represented by the year 

2000. We use ICBS data on agricultural lands ( kjL ), and obtained from cost-and-return studies 

(IMARD) per-hectare explicit costs ( kjc ),3 annual outputs ( 1
kjQ ) and average prices ( 1

kjp ) of 

the main crops in the three crop bundles; these are all presented in Appendix B (all monetary 

values are in terms of US dollars in 2000 values). Appendix B also presents the demand 

elasticity parameters ( kjβ ), taken from Hadas (2001). The partial equilibrium simulations 

incorporate changes in the prices of vegetables and fruits, but not of field crops, which are not 

subject to trade restrictions, are currently imported to Israel, and hence changes in local 

consumption can be met by changes in imports. Figure 2 presents demand curves based on the 

calibrated  ( )q p
j jφ φ  functions. 

Figure 2 about here 

                                                            
2 The number of lags was determined after ARIMA estimations using R² and Akaike-

Schwartz information criteria.  

3  For consistency with the estimated coefficients ( ) ( )( ), ,V bj j j J j Ja a aγ γ δ δ= − − − −  we 

computed kjc  while subtracting the overhead assigned in the cost-and-return studies to the 

non-cultivated agricultural lands; i.e., the reference bundle. 
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As aforementioned, our analysis assumes partial equilibrium in the base year (2000). 

According to Finkelshtain, Kahel and Rubin (2011), the local prices of vegetables and fruits 

are generally similar to their corresponding world prices. Therefore, the import of these goods 

to Israel is negligible due to the presence of high import tariffs (reported in Appendix B). We 

calculated the average import price for the bundles of vegetables and fruits, weighted by crop-

production quantities, and use these averages as the upper limit of prices (  
p
tφ ) in the 

simulations ( Eq. 11). The calculated average import prices are higher by 36% and 23% than 

the average local prices for vegetables and fruits, respectively. Table 3 presents country-wide 

agricultural land use, revenue, costs and profits in the base year of the simulations. 

Table 3 about here 

Estimation Results 

We employed the Stata fractional multinomial logit command (�� �����) for estimating the 

coefficients Vj  for the three bundles, through maximization of the quasi likelihood function in 

Eq. (6). To control for potential spatiotemporal autocorrelations we clustered observations 

according to years and 60 natural regions (determined by the ICBS (2010) based on criteria 

such as topography, climate, demography and history).4 The estimated coefficients are 

reported in Table 4. Standard errors were estimated using the bootstrap procedure. 

Table 4 about here 

                                                            
4  These clusters capture spatial autocorrelations between communities of the same region that 

are not necessarily diminishing with distance (e.g., as assumed by the Moran’s I statistic). 

For example, due to the presence of topographic (and therefore climatic) boundaries (e.g., 

between valleys and highlands) and intra-regional processing and marketing cooperatives, 

the correlation between two adjacent communities from different regions may be 

considerably lower than the correlation of each with remote communities within the region.   
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Interpretation of the estimation results is facilitated by Table 5, which presents the 

marginal effects of the explanatory variables on optimal land shares and profits. 

Table 5 about here 

With respect to land-use, both precipitation and degree days have positive marginal effects 

on the non-cultivated lands, implying that farmers in wetter and warmer regions benefit from 

devoting more arable lands to agricultural production-support uses. Water quotas exhibit the 

same effect, whereas the share of the non-cultivated areas declines with total agricultural land, 

as expected. 

As to profits, farmers residing in younger communities face lower profits. The same holds 

for Moshavim. The profit of all bundles declines under warmer conditions. The output value 

of fruits increases with precipitation, whereas farmers that grow vegetables and field crops 

under dryer conditions obtain larger production values. These effects reflect the spatial 

distribution of production in Israel, where vegetables and field crops are mainly grown in the 

southern semi-arid areas, while fruits are more prevalent in the subtropical north. The overall 

effect of precipitation on profit is positive, yet not statistically significant. The impact of 

access to irrigation water indicates some substitution between irrigation and precipitation: the 

revenue of field crops increases with water quotas, while the opposite holds true for fruits. 

Nevertheless, the overall effect of water quotas on profit is negative. This non-intuitive 

outcome may stem from a change in water quality that our data cannot account for: 5 due to 

water shortage, during the sample period many farmers were forced to replace their freshwater 

allotments by allocations of treated wastewater based on a ratio of 1.2 m3 of wastewater in 

return to a cut of 1 m3 of freshwater quota. Thus, a similar or even lower profitability level 

could be associated with larger water quotas.   

                                                            
5 Our data include only the total water quota, without specifications of water qualities.  



20 
 

The marginal effects of output and input prices on the profit enable us to test whether the 

estimated profit function complies with economic theory. In our specification of a linear per-

hectare profit function (Eq. 2), the profits are homogenous of degree one in output and input 

prices, and are continuous and convex in all prices. In addition, profit functions need to be 

non-decreasing in output prices and non-increasing in input prices. Table 5 indicates that our 

estimated profit function complies with these conditions, with statistically significant positive 

marginal effects of output prices and non-significant marginal effects of input costs. 

Simulation Results 

Using the estimated model we simulate production of the three crop bundles, where, ceteris 

paribus, climate variables change as forecasted by Krichak et al. (2011). The simulations 

encompass the period 2000-2060, where the climate faced by each community in each year is 

represented by the averages of degree days and precipitation in the previous 20-years.6 As the 

predicted responses to temporal changes in climate variables are based on the spatial 

variations of these variables across communities, the larger the spatial variability in 

comparison to the temporal variation, the larger the validity of the simulation predictions for 

future years; in our case, the spatial variance between communities captures 85% and 58% of 

the total spatiotemporal variance of precipitation and degree days, respectively. 

We compare the simulation results obtained under two trade policy scenarios: a free trade 

scenario, where prices of all agricultural outputs in our small economy equal their 

corresponding world prices, which are assumed fixed in the simulations, and a restricted trade 

scenario, where the government imposes import tariffs on vegetable and fruit products (but 

                                                            
6 These 20-year moving averages enable to draw trends of changes along the simulation 

period; however, one should recall that farmers may not adapt on an annual basis, 

particularly with respect to fruits.   
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not on field crops); under the latter scenario price indices of vegetables and fruits were 

computed by solving Eq. (11). 

Figure 3 draws time paths of the price indices of vegetables and fruits, simulated for the 

case of restricted trade. 

Figure 3 about here 

The two phases of climate-change trends (Figure 1) are well reflected by the trends of prices: 

the price-index of vegetables hikes during the first phase (until about 2030) and then declines, 

whereas the price-index of fruits starts reacting only in the second phase by climbing until it 

hits its upper bound near 2050, and imports start at this point. 

In Figure 4 we present for the two trade scenarios the time-path indices of the supply (

( )zy
j tφ , Eq. 8) and the demand ( ( )q p

j jtφ φ , Eq. 10); the difference between them represents 

imports/exports. In view of Eqs. (7) and (8), the supply quantity index of each bundle j, 

( )zy
j tφ , changes due to the impact of climate and prices on two elements: the per-hectare 

production values ( B̂ xp
jt j itφ ) and the land shares ( ( )ˆ zj its ). To assess the impact of these two 

components we draw in Figure 4 an index of land share ( 1ˆ ˆjt js s ), computed using Eq. (13); 

this decomposes ( )zy
j tφ  such that the difference ( ) 1ˆ ˆzy

j t jt js sφ −  reflects the supply effect of 

the per-hectare production values above and beyond the effect of the land shares.  

Figure 4 about here 

In general, the supply-quantity indices of the three bundles exhibit similar trends under the 

two trade scenarios: the supply of vegetables declines in the first climate-change phase and 

then increases nearly to its original level, the supply of field crops declines monotonously 

throughout the simulation period, and the supply of fruits is relatively stable during the first 

phase and declines in the second phase. Yet, the magnitudes are different: the changes in the 

prices of vegetables and fruits under the restricted-trade scenario lessen the changes in the 
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supplies of these crop bundles, whereas the change in the supply of field crops, whose price 

index is constant, is slightly larger compared to the change under free trade. 

The import (equals ( ) ( )zq p y
j jt j tφ φ φ− ) of field-crop products is expected to increase under 

both scenarios. The forecasted import of both vegetables and fruits increases under free trade, 

but under restricted trade, the import tariffs would effectively ban imports of fruits and 

vegetables, with the exception of fruits, where imports will start in 2050 despite the tariff. 

Examination of the drivers of the supply-index trends reveals that the variations of land 

shares ( 1ˆ ˆjt js s ) are considerably smaller than those of the supply, ( )zy
j tφ , implying that most 

of the effect on the supply is associated with changes in per-hectare production values (

B̂ xp
jt j itφ ). As an example, consider the case of fruits under the restricted-trade scenario (Figure 

4f): the supply index in 2060 is nearly 40% lower compared to the base year, while the land-

share index is almost unchanged. This reinforces the finding by Kaminski, Kan and Fleischer 

(2013) that the effectiveness of land reallocation as an adaptation mechanism is low compared 

to per-hectare production adjustments. Yet, as will be shown later, land allocations still serve 

as an important adaptation tool. 

Figure 5 plots simulated changes in country-wide profits under the two trade scenarios, as 

well as changes in consumer surplus and social welfare (= farm profit plus consumer surplus) 

under the restricted-trade scenario. Table 6 reports these changes in terms of present values 

over the simulated 60-year period.7 Due to the predicted rise of local output prices of 

vegetables and fruits (Figure 3), the simulation anticipates a smaller decline in farmers' total 

profits under the restricted-trade scenario compared to the free-trade scenario (Figure 5d). 

These increases in the prices of agricultural products reduce consumer surplus, and thereby 

lessen the social welfare; even though, the decline of social welfare under free trade remains 

                                                            
7  A 5% annual discount rate is used. 
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considerably larger than under restricted trade (Table 6). Thus, overlooking the feedback 

effect of prices exaggerates the simulated economic impacts of climate-change. 

Figure 5 about here 

Table 6 about here 

As aforementioned, although small compared to the per-hectare effects (Figure 4), land 

allocation constitutes a significant adaptation instrument. In Figure 6 we present the country-

wide agricultural profits simulated under the free-trade scenario for two cases: (1) with land-

use adaptation, where land is allocated optimally according to Eq. (4), (2) without land-use 

adaptation, where land shares are kept equal to those of the base year throughout the whole 

simulation period. Also presented is the difference between these profits, expressed in terms 

of percentage of the non-adaptation profit. The contribution of land-use adjustments to 

farming profits is minor in the first two decades, but as profits decline over time it increases 

up to 30%. This simulation also illustrates the advantage of using a structural model, where 

land share decisions maximize profits. 

Figure 6 about here 

Concluding Remarks 

This paper adds two important aspects to the literature on the impact of climate change on 

agriculture and food prices. First, it controls for corner solutions in the estimation of an 

econometric-based structural land-allocation decision model, and thereby enables application 

to disaggregated farming data, such that output prices can be considered exogenous. Second, 

while the impact of climate change on agriculture has been analyzed before using macro-level 

general- and partial-equilibrium models interacted with programming-based micro-level 

models, here we link such a macro-level model with an econometric-based farm-level land-

allocation model. This approach has three advantages: (1) it ensures consistency, as the 

sample used for estimating the model’s functions is also used in the simulation of climate 



24 
 

change; (2) thereby, the analysis accounts for the variability across observations with respect 

to the effects of and the responses to changes in climate variables and prices; (3) the 

econometric-based micro-level model enables testing statistically whether the profit functions 

incorporated in the optimization problem solved by farmers comply with economic theory. 

These analytical contributions can provide policy makers with a more reliable measure of 

the effects of climate change on agriculture and food prices. This is particularly important as 

governments and international organizations alike are called upon to revise current policies in 

order to adapt to climate change, and to integrate agricultural policies with a broader set of 

policies targeting sustainable development and natural resource management (Howden et al., 

2007). Furthermore, taking food prices into consideration is extremely important given its 

relevance to the critical issues of poverty, food security and malnutrition around the world. 

Indeed, our empirical analysis for the case of Israel shows considerably different results when 

free-trade conditions are assumed, where local prices are determined by their world 

counterparts (which are assumed fixed in our simulations), compared to the more realistic 

case, where trade is restricted by import tariffs, and therefore local prices are determined by 

the interaction of local supply and demand, as long as local prices are lower than import 

prices. This difference highlights the need to allow for price feedback effects when modeling 

the impact of climate change on agricultural production. 

Agricultural adaptation to climate change calls for governmental support. The herein 

analysis implies that, in their intervention, governments should take into account the impact of 

climate change on both producer and consumer surpluses. For example, our simulations 

predict that, from about 2030 and on, the surpluses of both producers and consumers of fruits 

in Israel (under the restricted-trade scenario) are going to decline, whereas the effect on the 

surpluses of vegetable producers and consumers is minor; hence, proactive adaptation efforts 

should be directed towards fruits. 
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This study paves ways for further research. The model can be applied in conjunction to 

more sophisticated macro models like CGE, and can be used for assessing a range of 

additional issues associated with agricultural production and policies; for example, the 

development of production supportive infrastructures and changing agricultural protection 

policies such as international trade barriers and subsidies. The model itself can be extended, 

for instance by incorporating the land-use predictions into estimations of intra-growing season 

input applications and environmental effects such as pollution effluents.  
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Table 1 - Observations and land shares in crop-production portfolios 

Number of Land sharesa 

Portfolio  observations Vegetables
Field 
crops Fruits 

Not 
cultivated 

Fruits 658 0.000 0.000 0.865 0.135 

Field crops 47 0.000 0.978 0.000 0.022 

Field crops & Fruits 1,311 0.000 0.632 0.328 0.040 

Vegetables 54 0.781 0.000 0.000 0.219 

Vegetables & Fruits 854 0.314 0.000 0.550 0.136 

Vegetables & Field crops 168 0.163 0.827 0.000 0.010 
Vegetables & Field crops 
& Fruits 5,081 0.176 0.598 0.197 0.029 

Total 8,173 0.149 0.447 0.330 0.065 
a. Weighted by communities’ total agricultural lands.
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Table 2 - Descriptive statistics of the explanatory variables 

Variable Units Mean Std. 

Precipitation m/year 0.395 0.086 

Degree Days 103×Co/year 0.219 0.013 

Distance to Tel-Aviv km 73.42 41.03 

Moshav dummy 0.510 0.500 

Private Community dummy 0.094 0.292 

Foundation Year year 1946 20.56 

Light Soil dummy 0.576 0.494 

Water Quota m3/year 1.44×106 1.40×107 

Land 106×m2 6.351 6.049 

Vegetables Price Index (ρv) index 0.641 0.083 

Field-crops Price Index (ρf) index 0.663 0.081 

Fruits Price Index (ρp) index 0.550 0.107 

Inputs Price Index (w) index 0.489 0.100 
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Table 3 – Country-wide values in the base year (2000) 

Vegetables 
Field 
crops Fruits 

Non-
cultivated Total 

Land (hectare) 54,452 194,328 71,889 22,191 342,859 

Land Shares 0.159 0.567 0.210 0.065 1.000 

Revenue (106 $/year) 717 262 882 0 1,861 

Costs (106 $/year) 683 75 269 0 1,027 

Profit (106 $/year) 34 187 613 0 835 
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Table 4 - Estimated coefficients of land share equations (Eq. 6)a 

Log likelihood -8782.6 
Wald χ2(84) 7887.6 
Variable Vegetables Field crops Fruits 
ρj × Precipitation -15.12*** -6.633*** 1.034 
ρj × Degree.Days -0.105*** -0.114*** -0.086*** 
ρj × Dist.Tel-Aviv -0.011*** -0.019*** -0.003* 
ρ × Found.Year -0.027*** -0.023*** -0.022*** 
ρj × Moshav -1.655*** -2.901*** -1.545*** 
ρj × Light.Soil -0.859*** -0.921*** -0.170** 
ρj × Water.Quota -0.134*** -0.106*** -0.505*** 
ρj × Land 0.106*** 0.133*** 0.045*** 
ρj 18.09*** 16.41*** 11.03*** 
-w 0.610 0.844 -0.416 
Constant 0.775** 1.791*** 1.310*** 

*** indicates significance at 1%, ** indicates significance at 5%, * indicates significance at 

10% 

a. The dummy variable for private communities was omitted due to collinearity 
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Table 5 - Marginal effectsa 

Land share Profit 

Variable Vegetables Field crops Fruits Non-cultivated Vegetables Field crops Fruits Total 

Entropy Model  

Precipitationb -0.9652*** -0.4926*** 1.2835*** 0.1743*** -2.2207*** -2.9359*** 2.8090 0.0625 

Degree Days -0.0193 -0.1357*** 0.0914*** 0.0636*** -0.2198*** -0.9486*** -0.1219 -0.2761*** 

Distance from Tel-Aviv 0.0001 -0.0024*** 0.0020*** 0.0004*** -0.0011*** -0.0104*** 0.0034 -0.0002 

Foundation Year -0.0005** -0.0007** 0.0005* 0.0007*** -0.0030*** -0.0086*** -0.0030** -0.0038*** 

Moshav 0.0408*** -0.2669*** 0.1551*** 0.0710*** -0.1237*** -1.3857*** 0.0445 -0.2218** 

Light Soil -0.0223*** -0.0973*** 0.0992*** 0.0204*** -0.1025*** -0.4674*** 0.1733 -0.0232 

Water Quota 0.0078*** 0.0312*** -0.0461*** 0.0071*** -0.0070* 0.0226 -0.1853*** -0.0873*** 

Land 0.0013*** 0.0132*** -0.0114*** -0.0031*** 0.0114*** 0.0647*** -0.0153 0.0062 

Vegetables Price Index (ρv) -0.0002 0.0001 0.3241*** 0.0000 2.7520*** 0.0001 0.2507** 1.1787*** 

Field-crops Price Index (ρf) 0.0008 -0.0029 0.8499*** 0.0003 0.0006 7.6742*** 0.6574 1.3931*** 

Fruits Price Index (ρp) -0.0668 -0.2056 -0.7990** -0.0229 -0.0517 -0.1590 2.9974** 1.3784*** 

Inputs Price Index (w) 0.0393 0.0887 -0.2515 -0.0183 0.1232 0.5529 -0.6504 -0.0482 

*** indicates significance at 1%, ** indicates significance at 5%, * indicates significance at 10% 

a. Total marginal effects on revenues (costs) are the sum of bundles’ marginal effects, weighted by the bundles’ shares in total revenues (costs), 

computed based on the data in Table 3. 

b. Precipitation is measured in relatively large units of m/year so the reported marginal effects are rather large. A 1 standard deviation change in 
precipitation would be more intuitively appealing and result in more moderate marginal effects. 
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Table 6 - Present values of country-wide changes in agricultural profit, consumer 
surplus and social welfare  

Free Trade Restricted Trade 

Agricultural Profit (106 $) -4,177 -1,281 

Agricultural Profit (%) -25.11 -7.70 

Consumer Surplus (106 $) 0 -1,627 

Social Welfare (106 $) -4,177 -2,907 
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Figure 1 – Moving average of country-wide average annual precipitation and degree days 
 
 
  

210

215

220

225

230

235

240

245

250

255

300

320

340

360

380

400

420

440

460

2000 2010 2020 2030 2040 2050 2060

D
egree days

Pr
ec

ip
ita

tio
n 

(m
m

/y
ea

r)

Year

Precipitation

Degree days



36 
 

 

 
Figure 2 - Demand curves of the different bundles 
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Figure 3 – Simulated time paths of price indices of vegetables and fruits under the 

restricted-trade scenario 
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Figure 4 – Indices of demand quantity, supply quantity and land share, simulated under 

the free- and restricted-trade scenarios 
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Figure 5 – Simulated country-wide changes in agricultural profits under the free- and 

restricted-trade scenarios, and in consumer surplus and welfare under the 

restricted-trade scenario 
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Figure 6 – Contribution of adaptation through land allocation to country-wide 

agricultural profits under the free-trade scenario. 

  

0

5

10

15

20

25

30

35

0

100

200

300

400

500

600

700

800

900

2000 2010 2020 2030 2040 2050 2060

D
ifference (%

)10
6

$/
ye

ar

Year

With land-use adaptation

Without land-use adaptation

Difference (%)



41 
 

Appendix A – Derivation of the optimal land-share in Eq. (3) 

The farmer's problem is: 

 ( )
1 1 1

1max = ln . . 1
s

v z      
J J J

j j j j j j
j j j

s s s s t s
a= = =

Π − ≤∑ ∑ ∑  (A1) 

Using the FOC 

 ( )( )1 ln 1 0v zj j j
j

s
s a

λ∂Π
= − + − =

∂
 (A2) 

we get the land share: 

 
( )( )

( )
exp

exp 1

v zj j
j

a
s

aλ
=

+
 (A3) 

Substituting Eq. (A3) into the land constraint in (A1), 

 ( ) ( )( )
1 1

exp 1 exp 1v z
J J

j j j
j j

s a aλ
= =

= − − =∑ ∑  (A4) 

we get the shadow value 

 
( )( )

1

ln exp 1v z
J

j j
j

a

a
λ =

⎡ ⎤
−⎢ ⎥

⎣ ⎦=
∑

 (A5) 

which we substitute back into the land share in Eq. (A3) to get Eq. (4). 
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Appendix B – Nationwide data at the base year for the crops in the three crop bundles  

 
Crop 

Land 
( kjL , hectares) 

Quantity 
(  1

kjQ , ton/year)
Price Index
( 1

kjp , $/ton)

Demand 
Elasticity 

( kjβ ) 

Explicit cost 
( kjc , $/hectare) 

Import tariff
(% of world 

price) 

Vegetables  
Watermelon 15,461 184,596 216 -0.7 8,917 29 
Melon 2,888 48,993 654 -0.7 2,004 47 
Tomato 4,291 288,621 1,178 -0.7 23,320 42 
Strawberry 454 9,614 2,493 -0.7 66,511 35 
Potato 12,742 196,680 461 -2.2 10,060 78 
Cucumber 1,827 67,870 536 -0.3 35,211 12 
Eggplant 798 28,517 423 -0.3 6,994 20 
Pepper 2,475 50,946 818 -1.3 21,586 32 
Zucchini 971 17,968 560 -1.1 2,059 17 
Onion 3,210 53,860 313 -1.1 8,811 61 
Carrot 1,265 50,938 332 -1.5 24,443 58 
Lettuce 1,262 22,441 540 -1.1 26,771 10 
Cabbage 1,980 37,082 292 -1.1 15,029 39 
Cauliflower 1,579 18,177 413 -1.1 12,813 29 
Celery 521 10,606 551 -1.3 5,357 19 
Radish 415 7,243 421 -1.1 5,384 111 

Field crops  
Cotton 11,646 92,668 991 0 2,663 0 
Chickpea 7,558 9,328 998 0 296 0 
Corn 5,233 98,766 358 0 3,215 0 
Pea 2,162 8,945 626 0 597 0 
Peanuts 3,744 24,169 1,592 0 1,196 0 
Sunflowers 7,680 19,447 1,340 0 994 0 
Wheat 83,646 160,260 260 0 74 0 
Barley 8,364 5,342 257 0 60 0 
Hay 64,294 86,188 146 0 73 0 

Fruits  
Apple 5,506 119,316 987 -1.9 6,186 39 
Pear 1,676 25,055 1,190 -1.3 4,274 39 
Peach 5,630 51,298 1,177 -0.7 7,839 21 
Grapes 11,740 95,295 923 -1 5,959 31 
Banana 2,382 94,590 762 -1.5 6,456 37 
Avocado 5,709 69,157 1,180 -3.8 2,082 40 
Dates 3,441 12,276 3,297 -5.3 6,640 48 
Orange 3,303 376,476 377 -0.4 1,277 5 
Grapefruit 7,763 520,864 343 -0.2 2,332 24 
Lemon 1,726 45,122 432 -1.4 2,696 27 
Olive 20,034 34,450 1,262 -1.7 1,664 49 
Almond 2,979 4,086 2,110 -1.7 1,074 9 

 


