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Abstract
The Middle East is among the least stable and most fragile regions. It is not surprising, therefore, that concerns have
been raised regarding the potential implications of climate change. This article critically examines the potential interactions between climate change and conflict in the Israeli–Palestinian case. Based on a review of the possible effects of
climate change, water is identified as the main issue which may be affected, and it also has transboundary implications. We illustrate the potential implications of reduced freshwater availability by assessing the ability to supply
normative domestic water needs under rapid population growth scenarios, including return of refugees. In addition,
the ability to supply environmental needs and the needs of peripheral farmers under extremely reduced availability
scenarios is examined. The normative domestic demand in Israel and the West Bank can be supplied on the basis of
natural resources, though re-allocation of water from Israel to the Palestinians is necessary. The Gaza Strip cannot
supply the normative domestic needs under any scenario and hence requires immediate augmentation, regardless of
climate change. Desalination can supply Gaza’s needs and augment water resources in Israel and the West Bank,
thereby partially decoupling domestic and agricultural use from climate. Thus, it is unlikely that climate change will
directly affect the conflict. However, framing water as a security issue, along with the potential for furthering such
securitization with reference to climate change, may adversely affect the readiness of the parties to take adaptive measures and lead them to rigidify their negotiating positions. Possible effects of climate change on other regional players,
particularly Egypt and Jordan, may have indirect effects on the Israeli–Palestinian scene. But this hypothesis requires
further study.
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Introduction
As fears of the destabilizing effects mount, climate
change is increasingly being referred to as a security issue.
In 2009 the UN General Assembly adopted a nonbinding resolution on climate change as an international
security problem (A/Res/63/281 11 June). However,
how climate change affects security has not been made

clear. Barnett & Adger (2007) suggest that such effects
may be an outcome of reduced access to natural
resources that sustain livelihoods or of undermining
states’ capacity to provide opportunities and services.
Corresponding author:
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But they also note that the extent to which these factors
may actually lead to violence requires empirical research.
The Middle East is among the least stable and most
fragile regions. The Israeli–Arab conflict has assumed
international dimensions and receives widespread attention, well beyond the realm of the parties which are at
the core of the conflict – Israelis and Palestinians. It is
not surprising, therefore, that concerns have been raised
about the potential deleterious effects of climate change
in the Middle East (Brown & Crawford, 2009; Trondalen,
2009).
The purpose of this article is to critically examine the
extent to which climate change may aggravate the
Israeli–Palestinian conflict. To this end we take a fourstage approach. First we review the possible effects of
climate change on the Israeli–Palestian area. Then we
search for those issues that are acute enough to lead a
party to take action that it would not take otherwise and
which may also impact the other party – notably water.
To assess the extent to which climate change may reduce
access to water, we conduct a scenario analysis. We
examine whether water resources can supply the needs
of the population under extreme climate change and
population growth scenarios. These include a partial
return of Palestinian refugees to the area west of the
Jordan. We assess the extent to which the populations’
welfare or livelihoods are vulnerable to disruptions due
to the effects of climate change on water availability.
In the fourth stage, we discuss three possible secondorder aspects that go beyond the scope of Barnett &
Adger’s study (2007) – how greater climate uncertainty
may affect the negotiating positions of the parties,
the possible constraints of security considerations on the
ability to implement adaptive policies, and the possible
implications of regional climate-change effects.

Implications of climate change
Figure 1 depicts the approach used to identify the effects
of climate change on the Israeli–Palestinian region.
The regional effects of climate change were first outlined
on the basis of IPCC (2007). A wide-ranging literature
survey was conducted to identify the main local effects,
and an attempt was made to assess the degree of consensus regarding the direction and magnitude of these
effects. Table I shows that there is little agreement.
The key variables identified in Figure 1 for assessing
the local implications of global climate change are
sea-level rise and regional climate changes, mainly in precipitation patterns. While a warming trend has been
observed in the last few decades (Saaroni, Ziv & Alpert,

2003; Zhang et al., 2005), the trends in precipitation are
ambiguous due to the difficulties inherent in downscaling global circulation models (Alpert et al., 2008;
Golan-Engelko & Bar Or, 2008). But the regional climatic models have largely underestimated precipitation
in Israel and Jordan (Black, 2009). The scenario analyses
that have been prepared for the Israeli–Palestinian region
using such models have suggested that precipitation levels may decrease and that extreme events may rise (Alpert
et al., 2008; Black, 2009; Sowers, Vengosh & Weinthal,
2011). These effects vary, however, by scenario.
Thus, while the IPCC A2 scenario leads to significant
reduction in average precipitation, the effects of the B2
scenario on average rainfall is unclear (Alpert et al.,
2008).1
However, the most important variable in this region
from a water-management perspective is groundwater
recharge. Groundwater constitutes the main interannual
storage, which is crucial for addressing the multi-year
droughts to which semi-arid and arid regions are prone
(Amiran, 1995). Groundwater recharge and surface
flows are influenced by the intensity, duration, frequency, and timing of precipitation events (USEPA,
1990). These can vary significantly and are non-linear
with respect to average levels of precipitation. Moreover,
recharge rates and stormwater runoff are affected by soil
types and local variations (Yair, 1994; Yair & Kossovsky,
2002). As a result, climate change impacts on groundwater are not well understood worldwide (Kundzewicz
et al., 2007). In a review of climate change effects on
Israel, Golan-Engelko & Bar Or (2008) conclude that
the currently available climate-related models are not
detailed enough to allow for assessments of the impacts
of climate change on rate of groundwater recharge.
The only effect which is fairly certain is that sea-level
rise will lead to further intrusion of seawater into the
already over-utilized coastal aquifer thereby causing a
potential movement of the base of the aquifer basin
(Golan-Engelko & Bar Or, 2008; Sowers, Vengosh &
Weinthal, 2011). Melloul & Collins (2006) estimate
that the storage capacity of this aquifer will diminish
by 16.3 million cubic meters (MCM) per 1 km of coast
for a 50 cm rise in sea level. While surface runoff may
increase and enhance the flows into the sea of Galillee,
higher temperatures may increase evaporation from the
lake and reduce spring flows. This will lead to algae
blooms that will adversely affect the water quality in

1

Both scenarios suggest a greater frequency of droughts but differ in
the extent to which these will be offset by rainy years.
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Figure 1. The methodology for identifying the climate change impacts in Israel
Source: Feitelson (2007). For a color version of this figure, see the replication file at www.prio.no/jpr/datasets.

the lake and decrease its potential for storage (Sowers,
Vengosh & Weinthal, 2011). However, these are highly
uncertain. Thus, with the exception of the loss of storage
capacity in the coastal aquifer, the magnitude of effects
on the major water resources is uncertain at present.

A rise in the Mediterranean sea-level will lead to loss
of beach areas and accelerate cliff erosion. The extent
of these effects will be a function of the extent of sealevel rise (Klein, Lichter & Tzviely, 2004). Other potential climate-related effects, on public health, agriculture,
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and bio-diversity, have received only scant attention so
far. However, the studies that were conducted in these
fields found no agreed-upon effects (Golan-Engelko &
Bar Or, 2008). The public health effects are very small,
if any, while the effects on agriculture are largely limited to
the effects of the uncertain changes in precipitation patterns on rain-fed agriculture. Irrigated agriculture is likely
to be less affected, at least within Israel, as agriculture is
increasingly shifting to recycled wastewater, which is insensitive to climate change (Feitelson & Rosenthal, 2011).
The impacts on the Palestinians, however, may be more
substantial due to the greater reliance on rain-fed agriculture in the West Bank (Mason, Mimi & Zeitoun, 2010).
Clearly, changes in precipitation patterns and
temperatures may affect ecosystems. The Israeli–Palestine
area is a biodiversity hotspot due to the exceptional diversity of its landscape and climate over short distances.
Hence, there is a wide discrepancy in scale between climate models and ecosystem dynamics in Israel, thereby
making any analysis of the impacts of climate change on
ecosystems highly uncertain. Historical studies of the
effects of past climate change suggest that ecosystems
adapt by moving northward or southward. However,
given the unprecedented extent of human habitation at
present, it is unclear to what extent such adaptation
options are still viable. Thus, local losses of ecosystems can
be expected, as well as invasion by species migrating
northward (Hatzophe & Yom Tov, 2002).
In the last part of the preliminary analysis we identify
the policy implications for Israel. To this end the possible
adaptive policies were enumerated, and the extent to
which they deviate from policies that are taken in any
case assessed. This analysis, summarized in Table II,
shows that with the exception of policies geared to
address sea-level rise, these policies do not deviate substantially from those undertaken in any case.
The main response to reduced water availability is a
combination of wider conservation and desalination.
Israel has already embarked on a wide-ranging desalination program (Feitelson & Rosenthal, 2011). Water rates
in the urban sector (with more than 50% of freshwater
use) have been raised substantially, to encourage urban
water conservation, and saving devices have been distributed to households free of charge.
To mitigate the greater danger of flooding, floodplains
have to be protected. Such protection has largely been
regulated in district plans that designate most of the vulnerable area for recreation (Feitelson, 1999). Similarly,
buffers around nature reserves and corridors that may
allow ecosystems to migrate, have increasingly been
incorporated in Israeli national and regional master

plans, regardless of climate change (Feitelson, 1999).
The only issues that arise from the climate-change scenarios and have not been addressed are those that pertain
to sea-level rise and infrastructure. These will require
shoreline protection measures in built-up areas, and possibly a change in infrastructure standards. Feitelson
(2007) concludes that climate change is not a top priority policy issue for Israel. Nor are these issues likely to
have a major effect on people’s welfare or livelihood or
serve as a source of internal discontent.
The implication of this analysis is that Israel has the
capacity to address the potential implications of climate
change internally and, hence, is unlikely to take action
on the regional level solely or mainly on the basis of climate change or due to it. The same cannot be said with
any certainty for the Palestinians, as the effects on livelihoods may be greater (Mizyed, 2009). Due to the greater
reliance on rain-fed agriculture in the West Bank, the lesser amounts of water available to Palestinians overall, the
dire water situation in Gaza and particularly Gaza’s
dependence on a highly over-utilized coastal aquifer, the
Palestinians are much more vulnerable to climate change
(Mason, Mimi & Zeitoun, 2010). Among the Palestinians the most vulnerable are likely to be the marginal
semi-nomadic farmers in the Jordan Valley. In order to
identify whether any of these effects may have potential
ramifications for Israeli–Palestinian relations, the effects
noted in Table I were scrutinized to discover whether
they may have transboundary implications.2 These are
summarized in the right-hand column in Table I.
The only transboundary issue that seems to have potentially significant transboundary effects is water. This is also
the issue which may increase Palestinians’ vulnerability
(e.g. Mason, Mimi & Zeitoun, 2010), and this issue
received most of the attention in the environmental field
in previous agreements (Feitelson & Levy, 2006). Hence,
the potential effects of a reduction of renewable water in the
Israeli–Palestinian context are analyzed further here.

Effects of reduced water availability
In semi-arid regions, the most important water management issue is the extent to which water can be stored
from the rainy season to the dry season. Hence, the main
concerns are the storage capacity of the aquifers and
lakes, and the extent that replenishment rates might be
affected. As noted, it is uncertain what the effects of
2

This assessment was based on the extent to which there are natural
transboundary flows between the two parties and the extent to which
actions by one party may affect the other.
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Table I. Possible local effects of climate change in Israel/Palestine
Issue

Main effect

Unanimity Transboundary

Water resources

Increasing variability of precipitation may affect groundwater no
replenishment and surface runoff, loss of storage in coastal
aquifer
Mediterranean coast Loss of few sq km of beach area, accelerated cliff erosion
high
Public health
Agriculture
Biodiversity

Heat effects
Less water for rain-fed crops
Northward migration of ecological systems, loss of sensitive
ecosystems

no
no
no

Yes – shared resources
(Mountain aquifers and
Jordan River)
Limited – sand flows along
Mediterranean coast
No – mainly local
No – local
Limited – mainly limits on
corridor continuity

Source: Feitelson (2007), partially based on Golan-Engelko & Bar Or (2008).

Table II. Possible policy responses to climate change in Israel

Issue

Climate-change effect

Policy responses

Water

Loss of coastal aquifer storage
Lesser recharge to aquifers
More flooding due to extreme events

Desalination;
Conservation in urban sector and agriculture;
Protection of flood plains and water-sensitive
urban development
Protection of cliffs, mainly in built-up areas;
Changes in design standards;
Adaptation of moorings
Buffers around nature reserves;
Wildlife corridors;
Protection of open seashore and stream mouths
Widen irrigation based on recycled wastewater

Infrastructure Coastal erosion
Peak floods
Sea-level rise
Ecosystems
Shift in ecosystems
Agriculture

Sea-level rise
Less precipitation affects rain fed crops

Already discussed or
undertaken?
Yes
Yes
Yes
Partially
No
No
Partially
Yes
Yes
Yes

Source: Feitelson (2007).

climate change on replenishment rates will be. Yet, it is
quite certain that sea-level rise will reduce the storage
capacity of the coastal aquifer, which is central to Israel’s
water management system and the only source of water
for Gaza (Melloul & Collins, 2006).
In order to assess whether climate change will necessarily have an adverse effect on welfare and livelihood
under worst-case scenarios, several population and
water-availability scenarios, described in the next subsection, were assessed. In essence, these scenarios are used to
test what will be the effects of an extreme-case reduction
in water availability on the potential ability to supply the
normative freshwater needs in Israel, the West Bank, and
Gaza under very high population growth scenarios. As
desalination is coming on-line in Israel gradually, thereby
potentially mitigating the effects of climate change in the
long run, the target year chosen for all scenarios was
2030 (though an interim period of 2020 was assessed
too). In other words, we strive to examine the ability
to supply the normative needs, as defined by Feitelson

(2012) and presented below, under the most extreme
circumstances we could identify.

The scenarios
Four basic scenarios were compiled, as part of a cooperative Israeli–Palestinian study on water needs (Feitelson et al.,
2011). The scenarios are comprised of two elements –
population growth and water availability. We used
the official medium population growth forecasts of the
Israeli and Palestinian Central Bureaux of Statistics. The
Israeli growth rate used is 1.58% until 2015 and 1.34%
from 2015 until 2030, while the Palestinian agency uses
a fixed rate of 2.3% in the West Bank and 3.3% in
Gaza.3 The base year from which all scenarios were
3
Such a fixed rate is unlikely to persist in practice. But as the
Palestinian agencies do not allow for lower fertility rates these were
adopted. This means that the Palestinian population forecasts are
probably upward biased.
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Table III. The population and water needs scenarios (population in thousands, needs in MCM)
Base scenario
Year entity
2010
Israel
WB
Gaza
Total
2020
Israel
WB
Gaza
Total
2030
Israel
WB
Gaza
Total

Year entity
2010
Israel
WB
Gaza
Total
2020
Israel
WB
Gaza
Total
2030
Israel
WB
Gaza
Total

Pop.

Economic development scenario

Domestic need Envi. need Peripheral farming

Pop.

Domestic need Envi. need Peripheral farming

7,464
2,487
1,562
11,513

448
149
94
691

65
12
5
82

120
209
129
458

7,464
2,487
1,562
11,513

448
149
94
691

65
12
5
82

120
157
98
376

8,628
2,958
1,929
13,516

518
177
116
811

65
12
5
82

120
209
129
458

8,628
2,958
1,929
13,516

518
177
115
811

65
12
5
82

120
157
98
376

65
12
5
82
return scenario

120
209
129
458

9,857
3,430
2,323
15,610

9,857
3,430
2,323
15,610

Pop.

591
206
139
937
Stepwise refugee

Domestic need Envi. need Peripheral farming

Pop.

591
65
205
12
139
5
937
82
Late large refugee return scenario

120
157
98
376

Domestic need Envi. need Peripheral farming

7,464
2,487
1,562
11,513

448
149
94
691

65
12
5
82

120
209
129
458

7,464
2,487
1,562
11,513

448
149
94
691

65
12
5
82

120
209
129
458

8,628
3,338
1,929
13,896

518
200
116
834

65
12
5
82

120
209
129
458

8,628
2,958
1,929
13,516

518
177
116
811

65
12
5
82

120
209
129
458

9,857
4,342
2,323
16,522

591
261
139
991

65
12
5
82

120
209
129
458

9,857
4,878
2,323
17,058

591
293
139
1023

65
12
5
82

120
209
129
458

Source: Feitelson et al. (2011).
Pop. ¼ population in thousands
Domestic need ¼ water used for domestic needs in MCM (60*Pop.)
Envi. Need ¼ minimal water needed for viable ecosystems in MCM
Peripheral farming ¼ water needed to maintain peripheral farming communities in MCM

calculated is 2007, in which there were 7.12 million
Israelis and 3.76 million Palestinians. As this is a high
estimate of the total Palestinian population,4 these
scenarios can be considered an extreme case, which is
consistent with the purpose of this article.

4

For a critique of Palestinian population figures, arguing that they do
not take into account emigration and hence are upward biased, see
Faitelson (2009).

We first consider a ‘business-as-usual scenario’, based on
the above assumptions, but allowing all normative needs to
be supplied. The second scenario assumes rapid economic
development in Palestine, thereby increasing economic
demand in the urban sector (above the normative demand)
and widening the integration of the rural population in the
urban economy. Then two scenarios of return of refugees
were added. One scenario suggests a return by 10% of all
Palestinian refugees to the West Bank by 2020 and another
10% by 2030, while the second scenario suggested a 30%

Feitelson et al.

return by 2030. All scenarios were run for three time
periods: 2010, 2020, and 2030 (Feitelson et al., 2011). The
population and water use implications of each scenario
are presented in Table III. The calculation of the water use
implications are detailed in the subsection.
We focus on the implications of climate change,
hence the four scenarios presented in Table III were run
for three different freshwater availability scenarios.
The first used current multi-year replenishment rates,
as detailed in Appendix 1.5 The second reduced the
available freshwater (without desalination) by 20%,
which is slightly less than the maximal reduction predicted by Ragab & Prudhomme (2002), Milly, Dunne
& Vecchia (2005), and by Heming et al. (2020) for the
2020–50 period, and by other analysts (e.g. Alpert et al.,
2008; Evans, 2009) for the end of the century (2070–
2100). Finally, as some of the analyses of climate change
suggest more drastic reduction in precipitation either
toward the end of the century, or further east (in Jordan)
by mid-century (Mason, Mimi & Zeitoun ,2010;
Sowers, Vengosh & Weinthal, 2011), the third scenario
assumed a 40% reduction in precipitation over the
Israeli–Palestinian area. These are very large effects,
and hence the total stress analyzed in these scenarios,
combining high population growth and rapid decline
in precipitation, must be considered extreme cases.
The sufficiency of water was first calculated for each
climate-related scenario for the total population of
Israelis and Palestinians, regardless of the division of
water between them. This allows us to analyze whether
it is possible to address the needs of both peoples based
on the shared freshwater resources. The water in the
shared Mountain aquifers was arbitrarily divided equally
between the two parties (50% for each). This implies
that the Palestinians in the West Bank were allotted
350 MCM, which is considerably more than the 142
MCM allocated under the Oslo B agreement, and also
more than the current amounts used by Palestinians.6
This allotment is an arbitrary assumption, as while it is
more than the Palestinians use at present, it is less than
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the amount the Palestinians demand and does not relate
to the Jordan River (Phillips et al., 2007).7 Thus, the
50/50 allocation used in this article is merely a measuring
rod to assess the extent to which each party may suffer
from lack of water, focusing mainly on the Palestinians
in the West Bank. In the case of the Gaza Strip, it is
assumed that the freshwater resources are the natural
replenishment of the local aquifer. While Abu Sway et
al. (1994) suggest that the replenishment amounts to
55–70 MCM, we use a lower figure (45 MCM) due
to the dire situation of this aquifer, which does not allow
for the full replenishment to be stored within it without
being polluted.

The analysis
Water use is divided into normative needs and economic
demand (Feitelson, 2012). There are several normative
needs. The highest priority is the water that is necessary
to allow for a dignified level of living (Feitelson, 2012).
The quantities used beyond the normative needs are
viewed as an economic demand, whose supply is a
function of the users’ willingness to pay. On the basis
of Chenoweth (2008), Feitelson et al. (2011) defined
normative domestic needs as 60 m3/capita/year.8
To these domestic needs several second-tier normative
needs can be added. These include spiritual water needs,
environmental needs, and the needs of peripheral agricultural communities (Feitelson, 2012). Peripheral agriculture was defined by us as the irrigated agriculture in
areas where no alternative employment exists within
a reasonable commute-shed (Feitelson et al., 2011). The
water needs of peripheral agriculture are thus the minimal quantity needed for irrigation to maintain peripheral
agriculture-based communities.
The domestic normative needs presented in Table III
were calculated by multiplying the four population
scenarios by 60 m3/capita/year. The environmental
needs were assessed on the basis of expert judgments,
as there is insufficient detailed work to quantify them.
7

5

These replenishment rates exceed the current estimates of the Israel
Water Authority (IWA, 2010). However, as IWA figures are based on
a short (17-year) series while ours is based on a longer (30-year) series,
we chose the higher figure. But as the sensitivity tests we conduct
include a 40% reduction in replenishment rate, the figures we test
exceed the average expected effect of climate change, even if we
were to take the IWA figures.
6
According to the IWA (2009), Palestinian water consumption in
2006 amounted to 180 MCM and was expected to rise to 200
MCM in 2007.

The Jordan River is already fully utilized and hence is considered a
‘closed basin’ (Venot, Molle & Courcier, 2008). It has five riparian
parties, all of which have claims to the river’s water. Hence, any
change in use of the river’s water is likely to require multilateral
agreements. Thus, it is difficult to foresee how much water the
Palestinians may ultimately use from this source, and when this
will come about. For this reason the Jordan River was not included
in our scenario analysis.
8
This is a quantity of water that allows for a viable advanced nonagricultural economy that allows households to maintain a high level
of living, while implementing substantial conservation measures in
domestic and municipal consumption.
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Table IV. Water balances: Freshwater vis-à-vis normative domestic needs, 2030 (in MCM)
Scenario
Base

With 20% refugee return

With 30% refugee return

Average recharge

Recharge –20%

Recharge –40%

74
–94
775
849
19
–94
775
794
–13
–94
775
762

18
–103
502
520
–36
–103
502
466
–69
–103
502
433

–38
–122
228
190
–92
–112
228
136
–125
–122
228
103

WB
Gaza
Israel
Israel þ WB
WB
Gaza
Israel
Israel þ WB
WB
Gaza
Israel
Israel þ WB

Based on: Feitelson et al. (2011), Table 12.

These needs do not vary by scenario. Given the very
limited quantities of water needed to supply the spiritual
needs in Judaism and Islam, spiritual needs were not
quantified.
Peripheral farming was defined to apply to those
farmers for whom there is no alternative source of
income within a reasonable commute. In Israel, Feitelson
et al. (2011) defined these farmers to include the communities in the Arava area, a remote area with no nearby
urban centers, and part of those located in the north Jordan rift valley. As the Arava Valley farmers rely on local
sources, which are not shared with the Palestinians, their
needs are of minor importance for our purpose. On the
Palestinian side, Feitelson et al. (2011) regarded most of
the farmers in the West Bank as peripheral farmers,
despite most of them being within commuting distance
of urban centers, due to the travel impediments in the
West Bank at the time the study was conducted. Similarly, the farmers in Gaza were also included under this
rubric, despite their access to urban centers in the Gaza
Strip, due to the lack of alternative employment opportunities. By accepting these assumptions, we greatly
increase the peripheral agriculture needs on the Palestinian side, relative to what is warranted from the more
narrow interpretation put forward by Feitelson (2012)
for these needs (termed ‘community needs’). Hence, the
quantity of water noted in Table III under the peripheral
agriculture column can be seen as an upper bound to this
need.
Food supply is not included as a need in this article, as
most of the Middle East, including both Israel and
Palestine, is supplied through the international market.
Hence, the water needed to supply this region is mostly
‘virtual water’ (Allan, 2001), that is, water embedded in

food. Thus, the effects of climate change on local water
sources is not expected to have direct implications for
food supply, though it may affect regional food prices,
a point picked up later.
Table IV presents the ability to supply the normative
domestic needs under three population scenarios
(with no refugee return, a 20% refugee return, and a
30% refugee return) with adverse climate-change effects
for the year 2030.9 It can be seen that with the exception
of the Gaza Strip, where shortages are imminent, freshwater resources will suffice to supply the total domestic
needs of Israel and the West Bank under all scenarios.
The total supply of Israel and the West Bank is presented
separately from the Gaza Strip’s, as the shared water
resources (the Mountain aquifers10) underlie Israel and
the West Bank, while Gaza’s coastal aquifer is largely
unaffected by Israel and does not affect Israel’s supply.11
Thus, while Gaza requires immediate augmentation,
Israel and the West Bank can conceivably supply the

9
The economic development scenario does not differ in this balance
from the base scenario, as it affects economic demand and peripheral
agriculture needs, both of which are not part of this balance. Hence,
this scenario is not included in Table IV.
10
The shared groundwater resources between Israel and the West
Bank are comprised of three aquifers, shown in Figure 2,
collectively named the Mountain aquifers.
11
The Gaza aquifer is vulnerable to various sources of salinity,
including sea-water intrusion for the west, intrusion of saline water
from the east, and pollution from surface activities (Vengosh et al.,
2005). Due to the saline water bodies to the east of the Gaza Strip,
pumping in Israel actually reduces the rate of salinization of the Gaza
aquifer. Thus while there are subterranean inter-effects they are not
the expected upper–lower riparian zero-sum competition (Weinthal
et al., 2005).
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Table V. Water balances: Freshþbrackish water vs. normative domesticþenvironmentalþperipheral agriculture needs, 2030 (in
MCM)
Scenario
Base

With Palestinian economic development

With 30% refugee return

WB
Gaza
Israel
Israel þ WB
WB
Gaza
Israel
Israel þ WB
WB
Gaza
Israel
Israel þ WB

Average recharge

recharge –20%

Recharge –40%

–87
–223
748
661
–35
–192
748
713
–173
–223
748
575

–142
–232
475
333
–91
–202
475
384
–230
–232
475
245

–199
–241
202
3
–147
–211
202
55
–286
–241
202
–84

Based on: Feitelson et al. (2011), Table 13.

normative domestic needs. However, if the Palestinian
supply is reduced due to the decline in recharge resulting
from climate change in proportion to their 50% share,
the water at their disposal will not be sufficient to meet
their domestic needs with either a refugee return or a
40% decline in recharge. But if the initial Palestinian
allocation of 50% of the Mountain aquifer is seen as
fixed, thereby requiring Israel to shoulder the full burden
of the reduced recharge, this quantity of water, 350
MCM, will suffice to supply the Palestinian domestic
needs under all of the scenarios.
Normative domestic needs are supplied by freshwater.
The environmental, and particularly the peripheral
agriculture needs can be supplied by brackish water.
Therefore, the balances for the year 2030 that include
such needs on the demand side include both fresh and
brackish water on the supply side. These balances are
presented in Table V for all scenarios. Due to the travel
restrictions on Palestinians in the West Bank and the
economic situation in Gaza, most of the Palestinian
farmers were included in the ‘peripheral farming’ category.12 However, if the economic situation improves,
commuting options and employment opportunities will
probably widen. Hence the economic development in
Palestine scenario was added in Table III to partially
account for this eventuality, in which the number of

12

The extent of villages which should be regarded as peripheral was
determined by Palestinian experts well familiar with the situation on
the ground in the West Bank. As the quantity of water used in these
villages is very limited, it was assumed that it constitutes the minimal
quantity needed.

villages included in the peripheral farming category was
reduced on the basis of expert judgment.
As can be seen in Table V, the water resources available for the Palestinians under a 50% arbitrary allocation
will be insufficient to supply the peripheral agriculture.
Hence the livelihoods of peripheral farmers may be
adversely affected. This is particularly likely to occur in
the Jordan Valley where farmers largely depend on local
sources, and for which there is keen competition from
the Kingdom of Jordan (whose agriculture is largely
concentrated in the Jordan Valley and is likely to suffer
acute scarcity – a point picked up later in this article).
Furthermore, reduced productivity in the Jordan Valley
may have deleterious effects on the Palestinian economy,
due to its current reliance on agriculture. Also particularly vulnerable are the semi-nomads in the southern part
of the West Bank, who rely on rain-fed agriculture and
on livestock for their livelihood. However, if the
climate-change effects are borne by Israel rather than
jointly, leaving the 350 MCM allocations for the Palestinians unaltered, this allocation (plus local brackish
water in the West Bank) can suffice for all the Palestinian
needs, except for the very extreme situation of a massive
return of refugees, with a 40% drop in water availability
within 20 years and no economic development. This
combination is unlikely as such a return is contingent
upon a comprehensive agreement, which arguably will
bring new capital flows to Palestine. Moreover, agriculture can utilize recycled wastewater, which was not
included in these scenarios. The availability of recycled
wastewater is likely to increase as total domestic use rises,
but is contingent on adequate treatment. Thus, some of
the needs for peripheral agriculture, and probably all of
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them in the case of Gaza, can conceivably be supplied
from recycled wastewater. This is also partially true for
the Jordan Valley, which can conceivably receive some
recycled wastewater from Jerusalem and Nablus.13

Implications
Climate change may worsen the water situation in Israel/
Palestine, and particularly in the West Bank and Gaza
(Mason, Mimi & Zeitoun, 2010). However, desalination can address gaps between availability and normative
needs. The Gaza strip requires augmentation regardless
of climate change. The amount needed to supply the
current gap between the normative domestic demand
and the potable water supply, supposing desalination
replaces all of the over-utilized highly polluted Gaza
aquifer, is about 100 MCM (to supply 60 m3/person/
year and assuming the population is slightly more than
1.5 million). This is less than the quantity currently
being desalinated in Israel’s nearby desalination plant
in Ashkelon (see Figure 2). As the cost of water supplied
from such a plant is not more than 60 cents per m3, including capital costs,14 such a plant is seen as technically and
financially viable. As desalination largely decouples water
supply from climate change, and the recyclable
wastewater is also insensitive to climate change,15 any solution to Gaza’s current water crisis will essentially make the
Gaza Strip much less vulnerable to climate change.
Israel has embarked on a widespread desalination
program (see Figure 2). At present over 250 MCM are
online, including the recently built 127 MCM plant near
Hadera. The total quantity to be desalinated according
to the latest government decision is 800 MCM which
is more than 50% of Israel’s current freshwater consumption. The Israeli water master plan currently being
prepared suggests that this amount may increase substantially by 2050 (IWA, 2010).
Desalination reduces the sensitivity to weather and
climate change, while contributing to global greenhouse
gas emissions. Potentially, desalination can supply the
Palestinians on the West Bank, too. At present Israel
retains a site near Hadera for this purpose (Figure 2).
13

On the options and impediments for such re-use from Jerusalem,
under the current geo-political circumstances, see Dombrowsky et al.
(2010).
14
This cost estimate is based on the Israeli experience, assuming the
plant uses reverse osmosis and is based on the off-shore natural gas
fields.
15
Feitelson & Rosenthal (2011) make the point that as desalinated
seawater is geared toward the domestic sector, desalination results
in greater quantities of recyclable wastewater, and of higher quality.
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There is a basic understanding within both parties that
desalination will be needed some time in the future
(Gvirtzman, 2010; Phillips et al., 2007). However, the
question of whether desalinated seawater is an alternative
to freshwater resources in transboundary contexts
remains contentious (Feitelson & Rosenthal, 2011). The
Palestinian position is that desalination is an alternative
source, and hence Israel should desalinate while the
Palestinians use most of the water from the Mountain
aquifer (Phillips et al., 2007). The Israeli position is that
only the shared resources are subject to negotiations,
while desalinated seawater is an augmentation that each
party should finance for itself (Gvirtzman, 2010). If this
question is not resolved and the Palestinians get no more
than 50% of the Mountain aquifers’ total average annual
water, thereby sharing also the burden of climate change,
then households in the West Bank may suffer a welfare
loss if recharge is reduced by 40% within 20 years, or
there is a massive return of refugees. Both are unlikely.
Moreover, even if the limited reallocation implied in the
350 MCM figure for Palestinian use is seen as a one-time
reallocation and hence as a priority right (thereby implying that Israel shoulders the burden of climate change
due to its greater adaptive capacity), it will suffice to
address the West Bank’s normative needs even under the
most extreme scenarios.
In contrast to Israel and the West Bank, the fresh and
brackish water will not suffice to meet Gaza’s needs
under any scenario. Regardless of climate change, there
is a need to augment the water sources in Gaza. Climate
change may make this need only more acute due to
the intrusion of rising seawater into the aquifer. The only
feasible source for additional water for Gaza is desalination (Al Yaqubi, Aliewi & Mimi, 2007). The quantities
needed to supply the normative domestic needs are not
greater than those supplied by a single large-scale desalination plant, of the type that is now built in Israel. If such a
plant is built, the vulnerability of Gaza to climate change
will be greatly reduced. But the ability to build such a
plant is contingent upon the degree to which some level
of accommodation can be reached between the Hamas
leadership in Gaza, Israel, and the Palestinian Authority
– issues that are beyond the scope of this article.
Climate change may, however, affect the livelihood of
‘peripheral’ farmers – those who are based on rain-fed
agriculture or irrigated agriculture, and who do not have
alternative employment options within a ‘reasonable’
commute from their current location. Given the short
distances in the West Bank and within Gaza it could
be argued that there would be very few farmers in this
state. The numbers used in the scenarios were high, due
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Figure 2. Desalination plants in Israel
The gray area depicts the shared Mountain aquifers.

to the current mobility restrictions and the shaky economic situation in Palestine. However, if any agreement
is reached, and implemented, this situation is likely to be
altered. Hence, as the scenarios used here are extreme,

the actual impact of climate change on the livelihood
options of Palestinians is likely to be less than implied
in the results presented in Table V, thereby suggesting
that the immediate human security concerns identified
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by Barnett & Adger (2007) as critical variables in
analyses of the climate-change induced risks are not likely
to materialize in the Israeli–Palestinian case, despite the
increasing likelihood of droughts.

Indirect implications of climate change
Discussions of adaptation to climate change usually
focus on the country level. However, the options may
be affected by transboundary relationships. In the
Israeli–Palestinian case, transboundary relations are typified by concurrent cooperation and conflict (Zeitoun,
2007). Yet, these relations are highly unstable. How
might climate change affect these relations, particularly
the positions of the parties in future negotiations?
How are the prospects for implementing transboundary
adaptive measures affected by security perceptions? At
what scale should the security implications of climate
change be discussed? Can the relations between Israel
and the Palestinians be disassociated from the wider
Israeli–Arab setting?

Effects on parties’ negotiating positions
The main potential transboundary effect of climate
change in the Israeli–Palestinian context is an increasing
likelihood of multi-year droughts, which adversely affect
freshwater availability to both parties. The actions and
statements of the two parties during the series of
droughts that afflicted the area in the past decade allow
us to assess the potential implications of series of drought
years on their negotiating positions.
The Palestinian position is that the joint institutions established under the Oslo accord are inequitable, and hence they strive to obtain property rights
(‘water rights’) over the shared aquifers and reduce
their dependence on Israel for water supply. Climate
change is likely to become an additional argument for
greater Palestinian control over the Mountain aquifers
(Lautze & Kirshen, 2009). Due to their greater vulnerability and Israel’s greater adaptive capacity
(mainly due to desalination), the Palestinians argue
that they should obtain control over most of the
Mountain aquifers.
Israel has increased the amount of water supplied to
the West Bank, beyond the amounts stipulated under
the Oslo accords, but argues that desalination is the real
answer to the increasing threats of droughts (Gvirtzman,
2010). However, desalination does not substitute for
storage capacity. Desalinated water is increasingly viewed
in Israel as a base flow, whereas the aquifers serve as
storages to be used to address fluctuations in

precipitation patterns and replenishment rates.16 Thus,
in previous negotiations the Israelis insisted on retaining
the operational flexibility of the water-supply system,
and particularly the ability to adjust abstractions from
the Western Mountain aquifer to shifts in precipitation
and replenishment patters (Feitelson, 2006). As the storage capacity of the coastal aquifer may be reduced due to
sea-level rise, the importance of the storage capacity of
the Western Mountain aquifer from an Israeli watermanagement perspective is likely to rise. Hence, Israel
is less likely to forgo its control over abstractions from the
Western Mountain aquifer due to climate-change scenarios. This is reflected in the Israeli official argumentation, where the use of a lower average annual recharge is
related to climate change (IWA, 2009: 20).

Security limitations on adaptation
In recent years there has been increasing emphasis on the
importance of adaptive capacity to climate change, particularly as the prospects for mitigation seem low (Pielke
et al., 2007). But there are limitations on the ability to
adapt (Adger et al., 2009). These limitations can be exogenous (i.e. a function of ecological or technological limits) or endogenous (e.g. social and cultural factors) to
society. Yet, the extent to which the framing of climate
change as a security issue (securitization) constrains
adaptability has not been discussed.
There are two adaptive policies that are of central
importance in the Israeli–Palestinian case: desalination
and cooperation. Desalination provides the potential to
address the gaps between natural replenishment and
domestic needs, as well as domestic economic demand,
and subsequently to increase the quantity and improve
the quality of wastewater. Thereby desalination widens
the scope for wastewater recycling for agriculture. Desalination thus effectively decouples both domestic supply
and irrigation from climate change. Yet, desalination
affects power relationships, as the seashore party, which
is usually the lower riparian on freshwater flows, becomes
the upper riparian on the desalination flows (Feitelson &
Rosenthal, 2011). Due to these power implications the
Palestinians and the Jordanians try to avoid any reliance
on desalination plants located along the Mediterranean
seashore, as such desalination will place Israel in the
16

The desalination plants are built through Build Operate Transfer
tenders. In order to keep the average cost down, the government
needs to provide purchase assurances (Feitelson & Rosenthal,
2011). For the official Israeli position on this point, see IWA
(2009: 22–23).
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position of an upper riparian on the flow of desalinated
water. Perhaps for the same reason Israel insists on a
Palestinian desalination plant at Hadera as the ‘best’
solution to the northern West Bank’s water stress. Thus,
the securitization of desalination seems to limit its ability
to serve as an adaptive approach to climate change.
Several scholars have argued that cooperation is essential
for meeting the water challenges facing Israelis and Palestinians (Feitelson & Haddad, 1998; Haddad et al., 2001;
Brooks & Trottier, 2010). This is particularly true when
adjustments have to be made, such as is the case when precipitation patterns change. But the growing mistrust
between the parties and the securitization of perceptions,
manifest in the framing of discussions of cooperation
within a power perspective, have discredited cooperative
proposals, mainly by the Palestinians. Thus, the prospects
for cooperation on climate change, when they are set within
a security and power nexus, are arguably lower, thereby
impeding the coordination of adaptation strategies.

Regional effects
The potential for conflict between Israel and the
Palestinians, both over water and in other fields, is
strongly affected by other parties in the Middle East.
The four Arab countries neighboring Israel (the ‘first circle’ of Arab countries) are of particular importance. Two
of these four countries (Egypt and Jordan) have signed
peace agreements with Israel and have been heavily criticized in the Arab world. Thus, if climate change affects
the political stability of these countries, the chances for
peace between Israel and its neighbors, as well as with the
Palestinians, may be compromised.
The most likely effect of climate change to materialize
in the Eastern Mediterranean is sea-level rise. In the
Israeli–Palestinian context this may affect low-lying areas
in southern Israel and along the Gaza Strip. Given the
shoreline characteristics, sea-level rise is likely to have
smaller effects the further north we move along the
eastern Mediterranean. Areas to the north of Israel are
not likely to be greatly affected. However, in Egypt,
sea-level rise may have severe implications for the Nile
delta and Alexandria region (El Raey, 1997; Dasgupta
et al., 2007). If the effects on these areas contribute to
further instability, they may adversely affect Egypt’s
position in the region. Egypt may also be particularly
sensitive to shifts in world food prices, particularly the
price of staples that Egypt imports. In this context,
the extent to which food prices had a role in the fall
of the Mubarak regime would be worth investigating.
The second country to sign a peace accord with Israel
is Jordan. Jordan has thrived on its image as a stable state
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in a highly unstable Middle East, thereby attracting
investments in finances and tourism. But if the water
situation in Jordan turns to the worst, as it may well
(Abu-Taleb, 2000), given the dire state of water in Jordan
and its limited options (Venot, Molle & Courcier, 2008),
water may become a destabilizing issue. However,
the study of these admittedly somewhat speculative
hypotheses is beyond the scope of this article.

Conclusions
Climate change has been portrayed as a potential security
threat in the Middle East, mainly due to its potential
effect on water availability (Brown & Crawford, 2009;
Trondalen, 2009). Water is indeed found to be the main
issue also in the more limited Israeli–Palestinian context
analyzed here. However, based on analysis of extreme
scenarios we find that the likely direct effects of climate
change per se are limited. While climate change may
affect the livelihood of Palestinian farmers and seminomads, particularly in remote areas, it is unlikely to
affect the welfare of the urban population substantially
if some water re-allocation occurs, even under extreme
scenarios. The exception to this finding is the situation
in Gaza, which requires additional water regardless of climate change. Within Israel it is highly unlikely that citizens will feel the direct effects of climate change, as Israel
has embarked already on an extensive desalination program, which largely decouples urban supply from climate
change, though some ecosystems and rain-fed agriculture
may be affected. Thus, the likelihood that climate
change will lead to a conflagration and violence beyond
what might occur without climate change is low.
Water is scarce in Israel and Palestine. Hence, water
issues need to be addressed regardless of climate change.
Desalination is increasingly seen as an essential and
central element in this response. In the case of Gaza, it
is virtually impossible to supply even normative domestic
needs without desalination (Al Yaqubi et al., 2007).
But the ability to desalinate in Gaza is currently curtailed
by the ‘high politics’ of the Israeli–Palestinian conflict.
Once built, desalination and the increasing potential for
wastewater recycling resulting from it, partially decouples
water supply for both the domestic and the agricultural sector from climate-change effects. Hence, following the logic
outlined by Barnett & Adger (2007), climate-change
effects on water resources are unlikely to have a discernible
effect on Israeli–Palestinian relations, which will continue
to be dominated by ‘high politics’ (Lowi, 1993).
However, climate change may be used by the parties
to justify their bargaining positions. Perceptions of
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climate change and the possible reduction in storage
capacity may lead to the hardening of negotiating positions. Thus, climate change may hinder the ability to
reach agreements regarding water. Yet, such agreements
are crucial for implementing the type of measures that
may mitigate the effects of climate change. Without such
agreements it is unlikely that desalination plants will be
built in Gaza in the near future or in the West Bank later,
or that abstractions from the shared aquifer (particularly
the Western Mountain aquifer) will be regulated. A
major obstacle is the securitization of the water discourse
and perceptions. If water is viewed as a security issue, the
steps that can be taken to mitigate the effects of climate
change may not be taken due to the view that such cooperative mechanisms impinge on sovereignty (Fischhendler, 2004).
In conclusion, climate change does not seem to pose a
major direct security risk in the Israeli–Palestinian context.
However, the framing of water issues and of climate change
as security issues, and the subsequent subservience of water
and environmental issues to the ‘high politics’ of the conflict may hinder the ability to undertake the adaptive measures that may mitigate the effects of climate change.
In a wider regional perspective, the potential effects
of climate change cannot be completely discounted.
If climate change adversely affects the stability of key
countries vulnerable to sea-level rise (e.g. Egypt) or facing greater losses of water and where the reliability of
water supply is tenuous (e.g. Jordan), this may have an
indirect effect on the Israeli–Palestinian conflict.

Replication data
The replication data for this article can be found at
http://www.prio.no/jpr/datasets.
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Appendix
Table AI. The water resources of Israel and Palestine
Basin*

Annual replenishment**(in MCM)

Sea of Galilee
Mountain aquifers:
Western
North-eastern
Eastern: upper
lower
Coastal aquifer
Gaza aquifer
Western Galilee aquifer
Carmel aquifer

520***
350–360
140–150
40
170
250
45–70
140
35

Riparian parties
Israel, Lebanon, Syria
Israel, Palestinians
Israel, Palestinians
Mainly Palestinians
Palestinians, Israel
Israel
Palestinians
Israel
Israel

Sources: IWA (2009); Golan-Engelko & Bar-Or (2008);
Al Yaqubi, Aliewi & Mimi (2007), for the Gaza aquifer.
* There are additional smaller basins in Israel. The lower Jordan River, currently shared by Israel, Jordan, and the West Bank, is not included.
Most of the river’s replenishment below the Sea of Galilee originates in Syria and Jordan.
** Multi-year average.
*** The annual replenishment is presented after deducting evaporation from the lake.
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