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MITIGATING WATER SCARCITY IN ISRAEL — A COMPUTABLE GENERAL
EQUILIBRIUM ANALYSIS

VERMINDERUNG DER WASSERKNAPPHEIT IN ISRAEL — EINE COMPUTABLE
GENERAL EQUILIBRIUM ANALYSE

Abstract

Water is a scarce resource in Israel. With fluctuating supplies and an increasing demand, the
need for using alternative water sources such as reclaimed wastewater, brackish groundwater
and desalinated seawater increases. This paper investigates the economy-wide effects of a de-
clining supply of natural fresh water (ground and surface water) and the increasing utilization of
alternative water sources (recycled wastewater, brackish water, desalinated seawater). To ac-
count for different production structures and usage options, a single country Computable Gen-
eral Equilibrium (CGE) model is used, in which several water activities produce differentiated
water commodities. These water commodities are used as intermediate inputs in other produc-
tion activities or are consumed by households.

Results suggest that especially the agricultural sector would be affected by a reduction of natu-
ral fresh water availability, as it is the largest water user. However, the effect can be mitigated if
substitution possibilities with alternative water sources are increased, especially the desalination
of seawater can contribute to this. The rest of the economy is affected to a lesser extent, as water
is only a minor input in other sectors and the water sector itself is small compared to the whole
Israeli economy.

Keywords
CGE, water, wastewater reclamation, desalination, CES nesting structure, Israel

Zusammenfassung

Wasser ist eine knappe Ressource in Israel. Aufgrund der wachsenden Nachfrage, die fluktuie-
renden Niederschlagsmengen gegenubersteht sind in den letzten Jahren alternative Wasserquel-
len wie aufbereitetes Abwasser, brackiges Grundwasser und entsalztes Meerwasser starker in
den Fokus geruckt. Diese Studie untersucht die gesamtwirtschaftlichen Auswirkungen einer
sinkenden Verfugbarkeit von nattrlichem Frischwasser (Grundwasser und Oberflachenwasser)
und die vermehrte Nutzung von alternativen Wasserquellen (aufbereitetes Abwasser, brackiges
Grundwasser und entsalztes Meerwasser). Um unterschiedliche Produktionsstrukturen und Nut-
zungsmoglichkeiten bertcksichtigen zu kdnnen wird ein Computable General Equilibrium
(CGE) Modell der Israelischen Okonomie genutzt. In diesem Modell produzieren verschiedene
Aktivitaten unterschiedliche Wasser-Produkte. Diese Wasser-Produkte werden dann als Vor-
leistungen in anderen Produktionsaktivitaten genutzt oder werden von Haushalten konsumiert.

Die Ergebnisse zeigen, dass die negativen Auswirkungen der reduzierten Verfiigbarkeit von
natlrlichem Frischwasser fur den Agrarsektor am grofiten sind, da dieser Sektor der grofite
Wassernutzer ist. Die Auswirkungen konnen jedoch gemindert werden, wenn die Substituti-
onsmdoglichkeiten mit alternativen Wasser-Produkten erhoht werden. Der Meerwasserentsal-
zung kommt dabei besondere Bedeutung zu, da entsalztes Meerwaser in allen Bereichen natir-
liches Frischwasser ersetzen kann. Die restliche Wirtschaft ist zu einem geringeren MaR affek-
tiert, da Wasser ein 6konomisch relativ unbedeutender Input fiir die meisten Produktionsaktivi-
taten ist und der Wassersektor selbst klein ist, verglichen mit der Israelischen Gesamtokonomie.

Schlisselbegriffe
CGE, Wasser, Abwasseraufbereitung, Abwasserriickgewinnung, Entsalzung, CES, Israel
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1 Introduction

Water in Israel is a very scarce resource (Fleischer et al., 2008). With an annual provision of
less than 250 m?3 per capita, Israeli supply lies 50% below the threshold of severe scarcity ac-
cording to the internationally recognized Falkenmark indicator (Tal, 2006).

The long term potential of total annual renewable supply of freshwater from natural sources is
estimated to be around 1,800 million m* (Israeli Water Autority in Shachar, 2009). However,
depending mainly on winter-precipitation in the north this amount is subject to variation. To
meet the annual demand of about 2,220 million m* and to mitigate overexploitation of aquifers,
alternative water sources have been explored in recent years. As a result of these efforts, about
387 million m® reclaimed wastewater and 123 million m® desalinated seawater have been sup-
plied in addition to natural sources in 2007 (CBS, 2010). By the same year the extraction of
brackish groundwater, mainly directly used for irrigation of salt tolerant crops, has increased to
235 million m3 (Shachar, 2009).

On the consumption side, agriculture uses about 1,190 million m* of water (about 50% of which
is recycled wastewater and brackish water), followed by municipalities* with 760 million m®,
Around 120 million m® are consumed by the manufacturing sector. Furthermore, about 100 mil-
lion m® are diverged to Jordan as agreed in the 1994 peace treaty and to the Palestinian water
authority. Finally, 50 million m* are reserved for the rehabilitation of natural habitats (MEP,
2005; Zaide, 2009; CBS, 2010).

The problem of water scarcity is expected to become more severe in the future, as climate mod-
els predict an increase in temperature and changes in rainfall amount and distribution (Fleischer
et al., 2008). Moreover, the remaining potential for wastewater reclamation is limited with 78%
of total effluents already being reclaimed (Shachar, 2009). In addition, domestic water demand
in Israel is increasing mainly driven by population growth (Bar-Shira et al., 2006; MARD,
2006) and the question of transferring more water rights of shared aquifers to the Palestinian
National Authorities is yet to be negotiated within the peace process (Saleth and Dinar, 1999;
MARD, 2006).

This study attempts to analyze the effects of a reduced natural fresh water (groundwater and
surface water) supply, while increasing supply from alternative sources. For this purpose, an
extended version of the standard STAGE model (McDonald, 2009) is employed, which is a
single country computable general equilibrium (CGE) model. The model is combined with a
detailed Social Accounting Matrix (SAM) for Israel that is developed for the year 2004 (Siddig
etal., 2004).

2  The Israeli Water economy

The Israeli law recognizes groundwater as well as surface water as state property (FAO, 2009).
The National Water Authority (NWA) implements the water law and sets the water prices
which are revised annually. Different prices are charged for agriculture, industry and municipal
usage. Although the domestic sector is considered as first priority, its water prices are the high-
est. For the agricultural sector prices are considerably lower (Table 1). However, water usage in
agriculture is also governed by quota allocation (Fleischer et al., 2008).

In recent years, amplified by a lasting drought, the exploration of new water sources came on
the agenda of the NWA.. Although a large share of wastewater is reclaimed and distributed via a
separate network to farmers for irrigation since the mid-1980s already, the NWA aims to further
increase this share, from 78% in 2007 to 100% by 2020 and by that to provide about 600 mil-
lion m3 of reclaimed wastewater to the agricultural sector (Shachar, 2009).

Furthermore, in 2002 the Israeli government took the decision to install five new reverse osmo-
sis seawater desalination plants to be constructed within few years. The first plant opened in

! Municipality consumption is composed of intermediate consumption by the service sector and final household
consumption
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2005 in Ashkelon with a capacity of 100 million m3 per year (Tal, 2006). The aim is to produce
750 million m3 per year till 2020 (FAO, 2009). By that, most of the municipal demand shall be
covered by desalinated seawater.

Besides increasing supplies the NWA aims at decreasing potable water consumption. This par-
ticularly applies to the agricultural sector, which the NWA tries to shift towards a higher usage
of reclaimed wastewater. This is achieved by cutting the fresh-water quotas allocated to agricul-
ture and by increasing the subsidized freshwater price for farmers (Amir and Fisher, 2000).
Thus using reclaimed wastewater becomes more and more attractive. However, due to sanitary
constraints the usage of reclaimed wastewater is largely restricted (Shachar, 2009).

In addition, the usage of brackish groundwater mainly for the irrigation of salt tolerant crops
such as cotton, tomatoes and melons has been fostered, such that the consumption of brackish
water in agriculture rose from 76 million m3 in 1996 to 201 million m3 in 2007 (MARD, 2006;
Shachar, 2009).

3  Methods

3.1 Data

This analysis is based on an extension of a SAM developed by the Agricultural and Food Policy
Group at Universitat Hohenheim (Siddig et al., 2011). This SAM represents the Israeli economy
in the year 2004 and incorporates 43 sectors, 37 factor accounts, 10 household groups, and 18
tax categories.

Water is represented by only one sector in the original SAM; hence it is sub-divided for this
study such that the water sector can be explicitly modeled. Using additional information pro-
vided by the NWA, FAO and other sources, the water sector is disaggregated to four activities
producing three types of water commodities, namely: potable water, reclaimed wastewater and
brackish water. Thereby, potable water can be produced by either the purification of natural
fresh water or desalination of seawater. This reflects the fact, that water derived from both pro-
duction activities is distributed via the same network.

Table 1 depicts the usage of the three water commaodities in 2004, whereby reclaimed wastewa-
ter and brackish water are only used in the agricultural sector. Data on water quantities are taken
from the NWA (Zaide, 2009) and FAO (2009). Average water prices were adopted to coincide
with the value of water provided by the original SAM, such that the SAM remains balanced
after the introduction of the new water commodities. The 50 million m3, which are reserved for
nature conservation, are not considered in this model, as this is a politically fixed quantity,
which cannot be altered.

Table 1: Water in the Israeli SAM of 2004

Use Water Water quantity Average water Value

quality prices

[millionm3®] [%] [USD/m3] [million USD]  [%]

Agriculture potable 565 27 0.37 207.62 13

reclaimed 379 18 0.22 83.00 5

brackish 185 9 0.27 50.34 3
Manufacturing potable 113 6 0.79 88.82 6
Municipalities  potable 712 35 1.53 1088.19 69
Export* potable 100 5 0.67 67.12 4
Total 2054 100 0.77 1585.31 100
thereof potable 1490 73 0.97 1451.74 92

*water diverged to Jordan and the Palestinian Water Authority
Source: own compilation based on: Zaide, 2009; FAO, 2009; Siddig et al, 2011.
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Figure 1 depicts the water use in the agricultural sector according to the agricultural activities
considered in the model database, as it is the biggest user of water and only agricultural activi-
ties allow for the usage of marginal water (brackish and reclaimed wastewater). Vegetable and
fruit plantations are the by far biggest water users, followed by the production of other crops,
which include cotton, sunflowers and other field crops. The usage of brackish water in this
study is limited to these two sectors (“vegetables and fruit” and “other crops”), as they include
plants which are tolerant towards increased salinity levels (e.g. tomatoes, melons, cotton). Due
to sanitary restrictions also the usage of recycled wastewater in this model is limited to these
two activities besides the “mixed farming and forestry” activity. These activities either produce
non-food outputs or crops for which lower sanitary restrictions apply, as they can be irrigated
without the water touching the harvested parts.

No data on the use of marginal water in the different agricultural sectors is available. Therefore,
the brackish and reclaimed water commaodities are split amongst the activities which allow for
their usage according the total water consumption of the respective activities in the SAM.

Figure 1: Water use in the Israeli agricultural sector in 2004 in million m3

350 20.3%
300 =
= 550 13.1%
g 200 105%
= 150 8:5%
€ 100 5.4% M 479
50 ] :I} 079 0:9% -
O - T I T T T - U'L‘ID ,_|I U d I0 . T - i—l
wheat other other vegetables milk cattle other fishing  mixed
cereals crops  and fruit animals farming,
forestry
m potable water brackish water ~ ®recycled wastewater  Oshare of water in total costs

Source: own compilation based on FAO 2009; Zaide, 2009; Siddig et al, 2011.
3.2  Model

3.2.1 General structure of the model

This study employs a single country CGE model which builds on the standard STAGE model
(McDonald, 2009). In the original STAGE model, production functions are nested in two levels.
The functional form applied at the top-level is Constant Elasticity of Substitution (CES) or
Leontief function, combining aggregate value added and intermediate inputs. On the second
level, a multi-factor CES-function is used to combine production factors on the one side and a
Leontief function to combine fixed rates of intermediate inputs on the other side (McDonald,
2009).

3.2.2 Water producing activities

For the activities which produce the different water commodities (potable water, recycled
wastewater and brackish water), we combine factors and intermediate inputs in fixed propor-
tions with the help of Leontief functions on both levels, assuming no substitutability as sug-
gested by Tirado et al. (2006), as shown in Figure 2. This ensures that the activity specific cost
structure is kept. Natural fresh water is introduced as an additional production factor to
represent the quantity of water which can be sourced from aquifers. As described in the intro-
duction, this is the limiting factor in the production of potable water in Israel.

The use of natural fresh water is only relevant to the purification of natural fresh water activity.
As effluents, brackish groundwater and seawater do not pose a limit on the production of water
commodities (at least in the current situation) and are freely available, they are not explicitly
modeled.



All water producing activities use different shares of inputs and thus have different cost struc-
tures as depicted in Table 2. For all activities energy is the most important input, as all activities
require pumping of water, either from the ground or through micro-membranes in case of desa-
lination, which is a very energy-intensive process (Garb, 2010). Capital requirements are the
highest for wastewater recycling and desalination, as these activities require larger investments.
The same holds true for consumables, which are mainly chemicals in case of wastewater recy-
cling and materials such as membrane replacements in case of desalination. Only the purifica-
tion of natural fresh water activity relies on the natural fresh water resource and thus has to pay
an extraction levy to the state, which intends to reflect the scarcity of the resource (Kislev,
2001). Finally, other inputs mainly include construction activities and other services, which are
consumed by all water producing activities to a minor extend.

Figure 2: Nesting structure of water production activities

1. purification of natural fresh water potable water

value added intermediary inputs
labour capital natural fresh water Int; Int, Int,

2. desalination
wastewater recycling potable water/

pumping of brackish water recycled wastewater/
brackish water

value added intermediary inputs

labour capital Int, Int, Int,

Source: own compilation.

The three water commodities produced by these activities are included as intermediate inputs in
the production functions of the other sectors. In addition, potable water is consumed as a final
product by households.

Table 2: Production cost and cost structure of water producing activities

purification  of Wastewater pumpjng of o

natural fresh . brackish desalination
Inputs water recycling water
Total production cost [USD/m3] 0.97 0.22 0.27 0.97
Energy 30.2% 30.0% 34.8% 40.0%
Labour 30.1% 22.8% 34.2% 10.0%
Capital 14.6% 20.0% 17.2% 20.0%
Consumables 8.3% 20.0% 5.0% 14.5%
Natural fresh water 7.2% 0.0% 0.0% 0.0%
Machinery 6.2% 4.6% 5.0% 10.0%
Taxes 1.1% 0.9% 1.3% 1.8%
Other 2.3% 1.7% 2.6% 3.7%

Source: own compilation based on Feinerman and Rosenthal, 2002; Beltran and Koo-Oshima, 2006; Stevens et al.,
2008; Siddig et al, 2011.
3.2.3 Other production activities

For all other production activities the two stage production nest is extended to three levels:
Firstly, the water commodity is taken out of the intermediate input nest and added to the value
added side. This allows for the possibility of substituting water with production factors, as for
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example the irrigation sector in Israel constantly substitutes capital and technology for water by
increasingly using water saving drip irrigation systems (Saleth and Dinar, 1999). Secondly, the
water commodity is further disaggregated into potable water, reclaimed wastewater and brack-
ish water. The three water types are combined to constitute irrigation water using CES technol-
ogy (Figure 3). This reflects the possibility for farmers to substitute potable water with marginal
water in the sectors where the use of these water commodities is possible or allowed, as pre-
viously stated. The production for all other sectors has the same structure, except for the third
level, where sectors cannot use reclaimed wastewater and brackish water.

This analysis uses for the top-level of production an elasticity value a,, of 2.0, to represent a
rather high substitutability between intermediaries and production factors. For the substitution
between factors of production (o,,) a medium to low elasticity of 0.8 (Sadoulet and de Janvry
1995) is chosen. On the third level, for the substitution of water commodities g,3= 3.0 is ap-
plied. The comparatively high value at the third level is selected to reflect good substitutability
of water commaodities in the activities which allow for the use of different types of water.

Figure 3: General nesting structure

output
value added intermediary inputs
and water (except water)
labour capital land irrigation water Int, Int, Int,
potable water reclaimed saline water
wastewater

Source: own compilation.

3.3 Scenarios

Two scenarios are considered in this study. The basic idea is to investigate a situation in which
the availability of fresh water in Israel decreases. The motivation is to analyze the effects on the
Israeli economy in terms of production with a focus on agriculture, and on the consumption of
different water commodities. The resulting structural changes in the economy are important to
anticipate, as a basis for the coping behavior of private actors as well as the consideration of
complementary policies. The closure rules applied for this study assume full factor mobility and
employment, investment driven savings and fixed tax rates.

3.3.1 Scenario 1: Reducing the availability of natural fresh water without desalination
(non-desal).

This scenario simulates a reduction in the availability of natural fresh water to domestic users.
This is an expected and widely discussed scenario, due to the factors already mentioned in pre-
vious chapters: ongoing drought, climate change and the expected obligations to supply more
water to neighboring entities. Another factor as well is the additional water demand for the re-
covery of overused aquifers (Dreizin, 2006). To implement this scenario in the model, the
supply of natural fresh water is fixed at 80% of its base value. Afterwards, the model is solved
to analyze the effects on the Israeli economy as a whole as well as on the different economic
activities. According to the reality, and the model structure natural fresh water cannot be substi-
tuted in the purification of natural fresh water activity (Figure 3). Therefore, the impact of the
simulated scenario will directly be transmitted into a loss in the output of this activity, namely a
reduced production of potable water.

3.3.2 Scenario 2: Reducing the availability of natural fresh water, while including desa-
lination (desal).

This scenario introduces the production of potable water by desalinating seawater. It is moti-
vated by the NWA'’s plans to increase the supply of potable water derived from desalination of
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seawater to 750 million m?3 per year till 2020 (FAO, 2009). In doing so the NWA aims to reduce
the reliance on precipitation and the pressure on the overused aquifers. The implications of an
increasing share of potable water produced by seawater desalination are investigated in this sce-
nario, considering that this activity is energy intensive and thus comparatively expensive.

Desalination did not exist to a considerable extend in Israel before 2005, while our model’s data
is for 2004. Therefore, a pre-simulation is implemented to adjust the structure of the water sec-
tor in Israel to its situation in 2007. In that year about 120 million m3 of potable water were de-
rived from desalination whereby the production of potable water by purifying natural fresh wa-
ter decreased by about the same amount (CBS, 2010). The other two water producing activities
are left unchanged to guarantee comparability between the scenarios. Accordingly, an updated
SAM that accounts for the contribution of the desalination activity to the production of potable
water with 120 million m3 and an equivalent reduction in the purification of natural fresh water
activity is considered the base SAM for this scenario. Except for slight changes in the allocation
of factors and intermediates due to the differences in production structures between the two
activities that produce potable water, the SAM has not been further altered.

Also in this scenario the effects of a reduction of natural fresh water availability by 20% are
investigated, similar to the first scenario. The difference is that through the introduction of the
desalination activity the substitution possibilities are increased significantly, as desalinated wa-
ter can be used in all sectors.

4  Simulation Results

Generally the reduction of natural fresh water supply in Israel results in higher prices for the
natural fresh resource as well as potable water. As a consequence, prices for this production
factor and this commodity increase. As relative prices for marginal water commodities fall, they
substitute for potable water in those activities allowing for substitution.

Significant differences occur between the non-desal and the desal scenarios. Because there is a
higher dependency on natural fresh water in the non-desal scenario and less possibilities of
substitution, the implications of a natural fresh water reduction on the economy are more severe
compared to the second scenario (desal), where the desalination is introduced. The price of the
natural fresh water resource increases drastically, with both scenarios. However, with 683% the
increase in the non-desal scenario it is almost twice as high as in the desal scenario (347%).
These higher resource prices in both scenarios lead the price of potable water to increase (Table
3), with the latter being the only activity using natural fresh water. This causes the demand for
this commaodity to decline.

Table 3: Changes in the Israeli water prices in the two scenarios

average water prices change compared to base
[USD/m3] [%6]
Water quality base non-desal desal non-desal desal
potable 0.97 1.43 1.18 47.16 21.11
reclaimed 0.22 0.22 0.22 -0.56 -0.26
brackish 0.27 0.27 0.27 -0.58 -0.27

Source: model results.

Falling relative prices cause the demand for reclaimed and brackish water to increase, resulting
in higher production of these commodities (Table 4). However, prices of these two water-
commaodities drop slightly (Table 3), which might appear counter-intuitive on the first glance.
The explanation for this is the general downturn, which the Israeli economy experiences due to
the higher potable water prices. The overall production decreases and the gross domestic prod-
uct (GDP) drops by 0.24% and 0.09% with the non-desal and the desal-scenarios, respectively.
Thus, intermediate inputs and production factors other than natural fresh water become cheaper.
The study’s model assumes that production factors are fully mobile to reflect long-term adjust-
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ment. As the water sector is very small compared to the whole economy, it can source more
production factors at lower prices and thus the production of brackish water and recycled
wastewater becomes cheaper, in spite of an increasing demand.

Generally, the observed effects are less pronounced in the desal scenario compared to the non-
desal scenario. In the desal scenario the quantity of desalinated water is almost doubled, there-
fore less potable water is substituted by marginal water. The price of potable water increases by
only 21% and prices of the two marginal water commaodities are almost unaffected. This reflects
the lower output effect compared to the non-desal scenario, where the potable water price in-
creases by about 47% (Table 3).

As described above the production of desalinated water will be almost doubled with the desal
scenario, which buffers the reduction of potable water consumption. The latter would decline by
-15% with the desal scenario compared to -27% with the non-desal scenario (Table 4).

It is important to note that the exports of water, which includes the agreed amounts to be trans-
ferred to Jordan and Palestine, are assumed fixed in the model due to political obligations.
Therefore, the two scenarios do not show any changes in the amount of water exports.

The use of potable water in all non-agricultural activities, would decline by about 27% and 14%
with the non-desal and the desal scenarios, respectively. These activities are characterized by
their minor demand for potable water as input, which also can be easily substituted by other
factors of production in these activities. Thus total output in most activities of the non-
agricultural sector would drop by less than 1% with the two scenarios.

Table 4: Changes in the water demand by sectors

Water demand in base ~ Change compared to base

[million m3] [%0]
Water
User quality non-desal desal non-desal desal
Agriculture 1129 1129 -3.6 -3.5
thereof potable 565 565 -50.8 -29.0
reclaimed 379 379 43.7 22.0
brackish 185 185 43.4 21.9
Manufacturing potable 113 113 -27.0 -14.4
Municipalities potable 712 712 -11.7 -6.2
Export* potable 100 100 0.0 0.0
Total 2054 2054 -1.5 -4.9
thereof potable 1490 1490 -26.9 -15.0
thereof
desalinated 0 119 0.0 98.0
reclaimed 379 379 43.7 22.0
brackish 185 185 43.4 21.9

*water diverged to Jordan and the Palestinian Water Authority

Source: own calculations based on model results.

A more moderate reduction of potable water consumption occurs in the municipal sector for
both scenarios. This is due to the large share of subsistence demand for water by households,
especially of the lower income quintiles which is due to the parameterization of the LES de-
mand system applied. The share of subsistence demand, which is completely inelastic to price
changes, reaches 78% in the lowest quintile, while it is 5% in the richest quintile. Therefore,
household consumption of potable water is reduced by between 2.5% (poorest quintile) and
9.5% (richest quintile) in the non-desal scenario and by between 1.3% and 5.1%, when desali-
nation is included.
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Despite of the highest reduction of potable water use by the agricultural sector, the total water
reduction is relatively small (-3.6% and -3.5% for the non-desal and desal scenarios, respective-
ly). This is explained by potable water in these sectors being partially substituted by marginal
water. The effects on water use in the agricultural sector are depicted in Figure 4.

Figure 4: Changes in water consumption by the agricultural sectors
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Source: model results.

It can be seen, that the consumption of potable water by all agricultural activities would decline
with both scenarios. The reductions are higher in activities which allow for substitution with
marginal water (up to 56% in the non-desal scenario). On the other hand the use of brackish
water and recycled wastewater in these sectors would increase by up to 45% and 73%, respec-
tively, with the non-desal scenario. In the desal scenario the potable water use would decrease
by maximally 35% therefore also the use of marginal water is not increased as much as in the
non-desal scenario.

The effects of the reduction and shifts in water supply on agricultural output are shown in Fig-
ure 5. To illustrate the sensitivity of the results to the substitution possibilities between the dif-
ferent water commodities, an additional sub-scenario is included in this graph (desal-no-subst).
This scenario builds on the desal scenario but assumes no substitutability among the water
commodities (o,3 = 0). Figure 5 shows that the output of all agricultural activities is reduced as
the cut of potable water supply is not fully compensated by the increased use of water from al-
ternative sources. The comparison of the output over the three scenarios yields, that when in-
creasing substitution possibilities the magnitude of output reduction can be considerably re-
duced in all agricultural sectors. Allowing for the substitution with marginal water commaodities
only (non-desal scenario) mitigates on average 22% of the output reduction. When additionally
desalination (desal scenario) is included on average 65% of the negative effect is balanced com-
pared to a situation without substitution (differences between the columns in Figure 5).

Figure 5: Changes in agricultural output
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5 Conclusions

The scarcity of water in Israel already is a serious problem and is expected to even become
more severe in the future. The topic is widely discussed on the policymaking level and it is
broadly understood that in the future natural supplies cannot be exploited to the current extent.
However, the perceptions differ on the effects this will have on the Israeli economy. This paper
tries to quantify these effects.

The findings of the study reveal that a 20% reduction in the natural fresh water resource would
lead to a considerable price increase for potable water, even though the production of water
from alternative sources would increase. However, the effects on the total economy are less
prominent, with the GDP dropping by less than 0.3% in both scenarios due to the relatively
small size of the water sector in the Israeli economy, accounting only for about 0.7% of the total
output in the base situation. Also, the share of water in the total spending of households is small
at an average of about 1% of total expenses (CBS, 2006).

The agricultural sector, which has a relatively high demand for water as an intermediate input,
would be most affected by the reduction of natural fresh water supply. Due to the good substitu-
tion possibilities in this sector, however, the negative effects are partially mitigated, such that
output drops are reduced to maximally 4% in the desal scenario and 8% in non-desal scenario.
In the industrial and service sectors water is less important and can be substituted by other pro-
duction factors. Therefore, the effect of the simulation on the output of these sectors is very
small.

It has been shown that the substitutability between the different water commodities as well as
between water and other production factors has major influence on the size of changes caused
by the simulation. The selected elasticity value for the substitution between the different water
commodities may be considered high given the fact, that not in all regions in Israel alternative
water sources are easily available by now. However, as it is a declared policy aim to reduce the
reliance of the agricultural sector on natural fresh water, access to alternative water sources will
have to be increased over the next years.

Another aspect which needs to be considered is that the production of desalinated water is ener-
gy intensive. This is reflected in the cost structure of the desalination activity by a relatively
high share of energy inputs of 40% of the total costs, compared to 30% for producing potable
water from natural fresh water. The energy consumption by the desalination activity would
strongly increase with the simulation. The value of “coal, oil and gas” consumed by the sector
would increase from USD million 9.58 to 34.95 and the value of electricity consumption would
rise from USD million 6.38 to 23.27. However, this increase in the demand for energy by the
desalination sector represents a very small share in the total of the respective energy sectors
accounting to about 1.0% for the “coal, oil and gas” and 0.7% for the electricity sectors. There-
fore, the output of the energy sectors is only marginally affected by the increase in the desalina-
tion activity. However, as the governmental plans foresee a further increase of seawater desali-
nation to 750 million m3, which is more than three times higher than as the simulated value in
the desal scenario, these effects are expected to become more pronounced in the future.

Finally it has it be considered, that in this paper the production factors are assumed to be mobile
between the different sectors, which reflects a long-term perspective. However, in the short run,
production factors are less mobile. This would for example reduce the capability of substitution
between water commaodities, as the production of marginal water commodities as well as pota-
ble water from desalination could not be increased so easily. Additionally prices of these alter-
native water commaodities would rise, with increasing demand. In total, the negative effect on
the Israeli economy would be stronger in the short run.

10



6 References

Amir, 1. and F.M. Fisher (2000): Response of near-optimal agricultural production to water policies.
Agricultural Systems 64: 115-130.

Bar-Shira Z., Finkelshtain, 1. and A. Simhon (2006): The Econometrics of Block Rate Pricing in Agricul-
ture. American Journal of Agriculture Economics. 88: 986-999.

Beltran, J. and S. Koo-Oshima (2006): Water desalination for agricultural applications. Land and Water
Discussion Paper 5. FAO. Water Resources, Land and Water Development Division. Rome, Italy.

CBS (2006): Household Expenditure Survey 2004. The Israeli Central Bureau of Statistics (CBS), Jeru-
salem, Israel.

CBS (2010): Statistical Abstract of Israel 2010, No. 61. The Israeli Central Bureau of Statistics (CBS),
Jerusalem, Israel.

Dreizin, Y. (2006): Ashkelon seawater desalination project - Off-taker's self costs, supplied water costs,
total costs and benefits. Desalination 190: 104-116.

FAO (2009): Irrigation in the Middle East region in figures. FAO water reports 34. Karen Frenken (edi-
tor). Food and Agricultural Organization of the United Nations (FAQO). Rome, Italy.

Feinerman, E. and A. Rosenthal (2002): Report on the Israeli Water System: General Description and
Data. In Deliverable D1 The Range of Existing Circumstances. Ruhr-University Bochum, Germa-
ny.

Fleischer, A., Lichtman, I. and R. Mendelsohn (2008): Climate change, irrigation, and Israeli agriculture:
Will warming be harmful? Ecological Economics 65: 508-515.

Garb, Y. (2010): Desalination in Israel: Status, Prospects, and Contexts. In Water Wisdom: Preparing the
Groundwork for Cooperative and Sustainable Water Management in the Middle East. Tal, A. and
A. Abed Rabbo, (eds.). Rutgers University Press, Piscataway, USA.

Kislev, Y (2001): The Water Economy of Israel. Discussion Paper No. 11.01. Hebrew University, Center
for Agricultural Economic Research, Rehovot, Israel

MARD (2006): Israel’s Agriculture at a Glance. The Ministry of Agriculture and Rural Development
(MARD), Bet-Dagan, Israel.

McDonald, S. (2009): STAGE Version 1: July 2007. Course documentation.

MEP (2005): The Right of Nature to Water in Israel. Ministry of the Environment, Jerusalem, Israel.

Sadoulet, E. and A. de Janvry (1995): Quantitative Development Policy Analysis. The John Hopkins
University Press London, United Kingdom.

Saleth, R. M. and A. Dinar (1999): Water Challenge and Institutional Response (A Cross-Country Pers-
pective). Policy Research Working Paper No. 2045. The World Bank.

Shachar, G. (2009): Domestic and Regional Water Crisis. United States Department of Agriculture For-
eign Agricultural Service, Tel Aviv.

Siddig, K., Flaig, D., Luckmann, J. and H. Grethe (2011): A 2004 Social Accounting Matrix for Israel,
Documentation of an Economy-Wide Database with a Focus on Agriculture, the Labour Market
and Income Distribution. Agricultural and Food Policy Group. Hohenheim, Germany.

Stevens, D., Kelly, J. and J. Hannaford (2008): Study Tour 2008: Final Report United Arab Emirates
(Dubai) — Israel — Spain Sustainable water sources, innovations and applications Opportunities for
Australia. Arris Pty Ltd. Richmond, Australia.

Tal, A. (2006): Seeking Sustainability: Israel’s Evolving Water Management Strategy. Science 313:
1081-1084.

Tirado, D., Gomez, C. M. and J. Lozano (2006): Efficiency Improvements and Water Policy in the Ba-
learic Islands: A General Equilibrium Approach. Investigaciones Econémicas 3 (30): 441-463.

Zaide, M. (2009): Drought and Arid Land Water Management. United Nations Commission on Sustain-
able Development (CSD)-16/17 National Report Israel.

11



	1 Introduction
	2 The Israeli Water economy
	3 Methods
	3.1 Data 
	3.2 Model
	3.2.1 General structure of the model
	3.2.2 Water producing activities
	3.2.3 Other production activities

	3.3 Scenarios
	3.3.1 Scenario 1: Reducing the availability of natural fresh water without desalination (non-desal).
	3.3.2 Scenario 2: Reducing the availability of natural fresh water, while including desalination (desal).


	4 Simulation Results
	5 Conclusions
	6 References

