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Abstract Through an examination of global climate change models combined with
hydrological data on deteriorating water quality in the Middle East and North Africa
(MENA), we elucidate the ways in which the MENA countries are vulnerable
to climate-induced impacts on water resources. Adaptive governance strategies,
however, remain a low priority for political leaderships in the MENA region. To date,
most MENA governments have concentrated the bulk of their resources on large-
scale supply side projects such as desalination, dam construction, inter-basin water
transfers, tapping fossil groundwater aquifers, and importing virtual water. Because
managing water demand, improving the efficiency of water use, and promoting
conservation will be key ingredients in responding to climate-induced impacts on
the water sector, we analyze the political, economic, and institutional drivers that
have shaped governance responses. While the scholarly literature emphasizes the
importance of social capital to adaptive governance, we find that many political
leaders and water experts in the MENA rarely engage societal actors in considering
water risks. We conclude that the key capacities for adaptive governance to water
scarcity in MENA are underdeveloped.
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1 Introduction

As a largely arid region, the Middle East and North Africa (MENA) is particularly
vulnerable to climate-induced impacts on water resources, yet promoting adaptive
governance strategies to deal with increased hydrological risk remains a low priority
for political leaderships. It is increasingly clear that climate change will interact
with other social, economic and political variables to exacerbate social and political
vulnerabilities. In general, climate change acts as a “threat multiplier” for vulnerable
countries and populations (e.g. Evans 2008a, b; UNDP 2007/2008).1 Yet climate im-
pacts will not be equally distributed, and much will depend upon national resources
and adaptive capacities. In this article, we delineate the expected impacts of climate
change on water resources in the MENA and analyze the political, economic, and
institutional drivers that have shaped governance responses.

Climate change coupled with demographic growth will profoundly affect the
availability and quality of water resources in the MENA region (Conway and Hulme
1996; Suppan et al. 2008; Alpert et al. 2008; Sánchez et al. 2004; Milly et al. 2005; Gao
and Giorgi 2008; Evans 2008a, b, 2009). Acceleration in the hydrological cycle will
likely make droughts longer and rainfall events more variable and intense, raising
probabilities of flooding and desertification. As we show, these impacts on the water
sector, combined with deteriorating water quality, rising sea levels, and demographic
growth, are already evident in much of the MENA. Over-extraction of groundwater
aquifers and their contamination, salinization of agricultural land, and urban water
shortages, we find, have sparked some policy reforms and adaptive measures, albeit
under conditions of crisis management.

For our purposes, adaptation means developing institutional and political capac-
ities to ensure adequate water supply and water quality in the face of intensifying
risks from climate-related impacts.2 One key element of adaptation is diversification
of water management strategies; another is ensuring equitable access for vulner-
able populations. Most MENA countries already employ a variety of supply-side
measures, including dams, water transfer schemes, desalination, reuse of treated
wastewater, and procuring ‘virtual water’ (Allan 2001) through imports. Water
experts in the region, in concert with international institutions, increasingly advocate
demand management to promote conservation and increase efficiency. This has
prompted experiments in public-private partnerships, user associations, and priva-
tization of water services. Similarly, water experts have embraced integrated water
resource management (hereafter, IWRM), interpreted by regional water experts
as enhancing cross-sectoral planning and coordination by government ministries.
Yet in practice, MENA governments continue to focus most of their resources on
large-scale supply side projects, increasingly tapping fossil groundwater aquifers and
building desalination plants.

As we argue, water resource planning in the MENA does not adequately address
issues of equity in water access, linkages to population growth, or a more inclusionary

1For a discussion of meanings of vulnerability, see Smit and Wandel (2006).
2Smit and Wandel (2006) and Nelson et al. (2007) offer good overviews of adaptation within the
climate change literature.
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role for political mobilization around resource access. Aggregate population growth,
for instance, is treated as a driver of water scarcity, prompting states to allocate
ever greater resources to procure more supplies. Much of the water ‘found’ through
water diversions, desalination, and groundwater extraction, however, is consumed
by privileged users, whether in cities or larger agricultural operations. Poor and
marginalized communities must often pay for water from private providers at rates
many times those of publicly supplied consumers.

Similarly, governments and water experts in the MENA have thus far seen little
reason to seriously engage societal actors in considering water risks. Legacies of
centralized systems of planning, taxation, and revenue distribution have rendered
multi-scalar governance mechanisms weak in terms of organizational capacities and
integration with local constituencies. Cities, provinces, and other subnational levels
of government are not significant players in identifying vulnerable populations or
planning for increased hydrological risk. Voluntary associations are tightly regulated
in most of the authoritarian states of the region, while a variety of communal services,
charities, and forms of Islamist collective mobilization are often seen as threat to state
integrity and legitimacy. While the scholarly literature emphasizes the importance
of social capital to adaptive governance (e.g. Adger 2003; Dietz et al. 2003; Pelling
and High 2005), many authoritarian regimes in MENA have, nonetheless, sought to
weaken, disorganize, and co-opt social mobilization and organization (e.g. Fahmy
2002; Kassem 2004 for the Egyptian case). The result, we find, is that key capacities
for adaptive governance to water scarcity are not promoted; rather than engaging
societal actors, leaders continue to rely largely upon technical solutions to augment
supply.

In order to explicate why the key capacities for adaptive governance to water
scarcity in MENA are underdeveloped, the rest of the article proceeds as follows.
In Section 2, we provide an overview of the vulnerability to climate change within
MENA. Sections 3 to 6 then discuss the main impacts of climate change on precipita-
tion, coastal water resources and agriculture, with a focus on how rapid demographic
growth will exacerbate water availability in the MENA. Finally, in Sections 7 to 9,
we elucidate the political, social and economic constraints that the MENA countries
face in effectively devising policy responses for adaptation and identify options for
them to consider seriously their vulnerabilities.

2 Vulnerability to climate change within the MENA region

It is ever more apparent, as the Stern Review noted, that the “the poorest coun-
tries and populations” will bear the greatest costs of climate change (Stern 2006,
p. vii). The adverse impacts of global climate change represent a massive transfer
of environmental harm to vulnerable regions and developing countries that has few
historical parallels. Countries and populations that only marginally participated in
the long-term accumulation of greenhouse gas emissions in the atmosphere will
bear the brunt of the costs of water-related adaptation to climate change. Many
developing countries already face grave structural economic problems, governance
challenges, and ecosystem threats (Lemos and Agrawal 2006; Adger et al. 2003).

As a region, the MENA is characterized by great disparities in wealth and
differently structured economies. One of the most significant divides has been
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between those countries that can afford to access or create new sources of water,
and those that face grave financial difficulties in trying to do so. The oil-exporting
states, including Saudi Arabia, the small city-states and emirates of the Gulf, and
Libya, exceeded their renewable freshwater resources some decades ago and rely
on a combination of desalination, reused wastewater, and exploration of fossil
groundwater to meet increasing demands. Israel, likewise, is mainly focusing on
desalination and reuse of wastewater. All of these countries also consume more
water per capita than poorer countries. The other states in the region fall mainly
into two groups: those endowed with more significant surface freshwater resources
(Turkey, Egypt, Sudan, Iran, Iraq, Lebanon) and those who rely on groundwater but
struggle to mobilize the kind of investments necessary to secure ‘new’ large-scale
water sources (Jordan, Yemen, Tunisia, Algeria). Some countries (Morocco, Syria)
are based on both surface water and groundwater resources.

Many citizens of the MENA region already cope with inadequate, polluted water
supplies. Particularly in informal urban areas, states have shifted the burden of
accessing water onto families and individuals, who must arrange for private and
expensive water deliveries (e.g. Trottier 2000). Others endure water rationing, where
water is provided for only a few hours a day. For example, many houses in Jordan
and the West Bank have water storage tanks on the roof to collect water for later
use. Poor neighborhoods also access water through illegal connections and direct use
of irrigation or drainage canals.

The region long ago exceeded the water resources necessary to supply its popu-
lation with food (Allan 1997). The quiet solution was importing food, which Allen
argued constituted ‘virtual water’ (ibid). Addressing water scarcity by importing
virtual water has until recently lessened political urgency around water issues (Allan
2001). Results from a 2006 pan-Arab public opinion survey noted that “[i]t was
remarkable that a relatively high percentage of respondents from countries poor
in natural fresh water resources, and largely depending on sea water desalination,
said that water was not a major environmental problem. Those who thought water
was not a major problem or no problem at all included 64% in Bahrain, 52% in
Tunisia, 41% in Qatar, 35% in Oman and Kuwait and 31% in UAE.” In contrast, in
Sudan and Iraq, over 90% of the population ranked access to freshwater as a major
problem, which can be attributed to the poor state of public infrastructures despite
both countries being well endowed with freshwater resources (Tolba and Saab 2008).

While almost all countries in the region have sought to expand water distribution
and storage systems through dams and canals, significant demand management of
water consumption was not taken until severe droughts and falling water supplies in
aquifers and reservoirs became critical. This has been the case in Israel, Saudi Arabia,
Morocco, Bahrain, and increasingly in Jordan, Algeria, and Yemen. Nonetheless,
agricultural products account for a large share of merchandise exports from many
MENA countries (De Rosa 1997).3 Changes in agricultural production in MENA
states due to water shortages induced from climate change and/or changes in water
allocations, will severely impact farming constituencies in the absence of effective
state and community interventions.

3In the late 1990s, agriculture as a share of merchandise exports was the following: Cyprus (32%),
Lebanon and Turkey (approximately 25%), Jordan and Syria (about 20%), Sudan (95%), Mauritania
(49%) and Morocco (28%; De Rosa 1997, p. 8).
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3 Climate change impacts on precipitation

Projections for future renewable water resources in the MENA are bleak, and
climate change coupled with increasing water demands are likely to amplify the
water crisis in the MENA. The Intergovernmental Panel on Climate Change (IPCC)
report predicts “annual rainfall is likely to decrease in much of Mediterranean Africa
and northern Sahara, with the likelihood of a decrease in rainfall increasing as
the Mediterranean coast is approached” (IPCC 2007, Chapter 11, p. 866). Several
other independent studies have also suggested a major reduction in precipitation,
ranging from 10%–30% in the MENA by the next century (Conway and Hulme
1996; Arnell 1999; Sánchez et al. 2004; Milly et al. 2005; Suppan et al. 2008; Alpert
et al. 2008; Evans 2008a, b, 2009). In particular, these studies predict that by the end
of the twenty-first century, the Mediterranean region might experience a substantial
increase and northward extension of arid regime lands, which would affect the coastal
regions of MENA and extend to Mediterranean islands, southeastern Europe (par-
ticularly Spain), and the Turkish peninsula (Gao and Giorgi 2008; Evans 2008a, b,
2009). During the last 5 years, there has been a significant reduction in the amount
of precipitation in the MENA, which is already the most water-stressed region
worldwide. UNDP (2007/2008, p. 95) noted that “nine out of fourteen countries in
the region already have average per capita water availability below the water scarcity
threshold”.4 Gaza, in particular, is one of the most water stressed places in the world
with about 320 cubic meters annually per person (UNDP 2006, p. 135).

The Levant (Syria, Lebanon, Palestine, and Israel) will be one of the regions in
the Middle East most affected by changes in precipitation. Most climatic models
predict a decrease in precipitation combined with a surface temperature increase in
the Eastern Mediterranean (Alpert et al. 2008), which will result in decreased water
availability and enhanced water deficit in the Lower Jordan River basin (Israel, West
Bank, and Jordan; GLOWA 2009). High resolution climatic models conducted in
the Middle East predict an increase in mean annual temperature up to 4.5◦C that
coincides with a 25% decrease in mean annual precipitation towards the end of
the twenty-first century (Suppan et al. 2008). These and other models also predict
changes in spatial precipitation distribution in which precipitation in the northern
section of the Levant will experience greater reductions than in other parts of the
region (Suppan et al. 2008; Steinberger and Gazit-Yaari 1996). Consequently, pre-
cipitation is predicted to decrease by 25% in the Upper Jordan River catchment and
aquifer recharge zones in northern Israel, Lebanon, and Syria (Suppan et al. 2008).
In Jordan, the average annual water yield (i.e., aquifer replenishment) is expected
to decrease by a staggering percentage (45% to 60%) due to combination of a 2◦C
increase in temperature along with 10% reduction in precipitation (Oroud 2008).
Thus, the present water deficit in Jordan is expected to intensify further. According
to the 2007–2008 Human Development Report, similar deficits are forecast for Syria,
where a 50% decline in renewable water availability is expected by 2025, compared
to 1997 levels (p. 95).

4Less than 1,000 m3 per capita is considered water stressed (Falkenmark 1986).
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Fig. 1 Changes of water levels
in the Sea of Galilee, Israel
during the last century. In
1934, the outlet level was
reduced to accommodate the
downstream Naaharim
electrical project. In 1964, the
National Water Carrier started
operations. The droughts of
late 1990s, early 2000s and late
2010s are associated with the
lowest water levels in the lake
history. Data from Ami Nishri
(Israel Oceanographic and
Limnological Research)

-215

-214

-213

-212

-211

-210

-209

-208

1920 1940 1960 1980 2000 2020

L
ev

el
 (

m
sl

)

Year

Declining precipitation has had unprecedented effects in Israel—a country
renowned worldwide for being at the forefront in water efficiency. For instance, the
National Water Company, Mekorot, entirely stopped its pumping from the Sea of
Galilee in January 2009 after its level had dropped to a point considered to be near
the “bottom black line.”5 Figure 1 illustrates the fluctuations of water levels in the
lake during the last 90 years and the impact of the consecutive drought conditions in
the region on the lake levels, particularly during the last decade. Although pumping
through Israel’s National Water Carrier controls the level of the Sea of Galilee, the
amount of pumping remained steady during years of average precipitation, and in
fact, was significantly reduced during drought years. The sharp decline of the water
levels is, therefore, a direct consequence of decreasing inflows to the lake during
the last 30 years. This phenomenon is consistent with actual observations of surface
warming in the MENA region (Zhang et al. 2005) and the climatic models (Conway
and Hulme 1996; Arnell 1999; Suppan et al. 2008; Alpert et al. 2008; Sánchez et al.
2004; Milly et al. 2005; Gao and Giorgi 2008; Evans 2008a, b, 2009).

Other watersheds in the region show similar trends with regards to declining
amounts of precipitation. For Morocco, precipitation over the Atlas Mountains will
determine the flow in major rivers and replenishment of several important aquifers of
the Souss-Messa, Draa, Ziz, and Tadla basins (Bouchaou et al. 2008). Recent climatic
models for eastern Mediterranean and Turkey predict a significant reduction in
precipitation (Gao and Giorgi 2008) that would require additional water withdraws

5Before the 2006–2009 drought, the Water Commission only had a “red” line that could not be
reached. But as the situation deteriorated, the Commission (now Authority) created new “black”
lines that indicate the point where irreversible damage would occur if pumping continues (Waldoks
2009).
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from the Tigris and Euphrates Rivers to meet agricultural demand in southeastern
Turkey. The increase in upstream withdrawals by Turkey and reduction of the Tigris
and Euphrates flows to the downstream Syria and Iraq could have devastating effects
on the water availability in these counties.

For Egypt and Sudan, changes in precipitation patterns over the Ethiopian
Highlands are the key for future flow of the Nile River, yet climatic models are
inconclusive for the projected trend (Conway 2005). Higher temperatures, however,
produce higher rates of evaporation, particularly in Lake Nasser, the large man-made
reservoir behind the Aswan High Dam. Likewise, an increase of evaporation of the
White Nile River along the sluggish flow in the Sudd area of southern Sudan would
reduce the annual river discharge. Increased rates of evaporation—and water loss—
in the reservoir will thus likely offset possible increased precipitation in the central
and eastern African highlands.

4 Population growth, water scarcity, and climate change

Water scarcity and an uneven distribution of freshwater resources are exacerbated
by expected rapid demographic growth. Vörösmarty et al. (2000) has compared
possible global precipitation changes induced by climate change and water demands
controlled by population growth. Their predictions indicate that the impact of
increasing water demands derived from population growth is larger than the effects
of climate change; the latter includes both an increase of aridity in some areas and an
increase of rainfall in others. Conway (2005), in a review of ten studies undertaken
on Nile flow and climate models since 1981, similarly concluded that the climate-
related impacts of variable Nile flow will be relatively minor in comparison with
other human-induced changes, namely, population growth, land use choices, and
development strategies.

The rapid increase in population in the MENA region is illustrated in Fig. 2.
Overall, total population is expected to grow from 309 million in 2000 to about
651 million in 2030 (data from Shahin 1996). Water availability varies by several
orders of magnitudes for the different countries in the MENA region and so fresh
water availability per capita ranges from highly water stressed countries like Jordan
(200 m3/year/capita) to less water-stressed counties like Iraq (4,340 m3/year/capita;
Fig. 3).

Countries with surplus water supply are based on surface water flows (Iraq, Syria,
Lebanon, Egypt, Sudan), whereas groundwater-based countries have significantly
higher water stress at present. For instance, the most populous Arab state, Egypt, is
comparably well endowed with renewable water resources, since it receives 96% of
its water resources from the Nile River. In contrast, the Arabian Peninsula and North
Africa (with the exception of Morocco) have more limited flows of renewable water,
and typically draw on ‘fossil’ (nonrenewable) aquifers to meet current demands.
Given its relatively large and growing population (Fig. 2), however, in per capita
terms aggregate water supply in Egypt will become increasingly constrained (esti-
mated 590 m3/year/capita in 2025, Fig. 4) compared with Iraq (2,200 m3/year/capita).

Assuming no change in water availability, expected population growth for 2025
will dramatically increase the water stress in the MENA region, as water availability
per capita is expected to decrease in the range of 30% to 70% (an average of 42%).
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Fig. 2 Population growth in
several countries in the
MENA region. Data from
Shahin (1996)
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The expected increase in water stress (defined here as less than 500 m3/year/capita)
will affect most countries in the MENA region (Fig. 4), but in groundwater-based
countries, which already suffer from water stress, population growth will exacerbate
the already existing water crisis.

In surface water-based countries, the absolute water availability per capita will
exceed the threshold of 500 m3/year/capita that defines water stress (Morocco, Egypt,

Fig. 3 Water availability
per capita (cubic
meter/year/person) in several
countries in the MENA
region. Values were calculated
from data reported in Shahin
(1996). Note that the values in
this figure are different from
those reported in Table 1, as
the latter are per capita
withdrawal and not per capita
availability
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Fig. 4 Water availability
per capita (cubic
meter/year/person) predicted
for 2025 in several countries in
the MENA region. Figures
were calculated based on the
assumption that water
availability (Fig. 3) will not be
changed but population
growth will increase water
demands. Values were
calculated from data reported
in Shahin (1996)
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Sudan, Syria, Lebanon, and Iraq) in 2025.6 This is based on the assumption that
the river discharge in these countries will not vary significantly from 2000 figures.
However, if we take into account the climate change factor, surface water-based
countries may experience a dramatic reduction in surface flow, if global warming
affects precipitation in intake areas of their rivers. Consequently, while population
growth is expected to affect all countries in MENA region, climate change could have
a greater affect on countries in which water supply is based on surface water.

5 Impacts on sea level rise and coastal water resources

In addition to a reduction in precipitation, the rising of the Mediterranean Sea
induced by climate change is expected to affect coastal communities. The coastal
aquifers of the Levant and North Africa already suffer from seawater intrusion that
causes salinization of thousands of wells (Vengosh and Rosenthal 1994; Vengosh
et al. 1994, 1999, 2005; Weinthal et al. 2005). Coastal plains in MENA are the
most fertile lands and often extensively cultivated. For example, the Souss-Messa
basin in southwestern Morocco produces a large fraction of Morocco’s agricultural
exports. Over-exploitation of this coastal aquifer has caused massive intrusion of
seawater coupled with man-made contamination (Bouchaou et al. 2008). Likewise,

6Likewise, Bou-Zeid and El Fadel (2002, pp. 345–346) find that owing to high rates of population
growth, it is expected that by 2025 the average annual renewable water resources for the Middle
East will drop to 667 m3 per capita in contrast to the world average of 4, 780 m3 per capita.
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the salinity of the Israeli coastal aquifer has increased during the last 30 years due to
combination of over-pumping, seawater intrusion, nitrate pollution, and formation
of saline plumes (Vengosh et al. 1999, 2005). Further intrusion due to the rise
of sea level combined with less fresh water recharge into these coastal aquifers
will enhance inland encroachment of seawater (Bou-Zeid and El Fadel 2002) and
intensify other salinization phenomena (Vengosh 2003; Weinthal et al. 2005). In
short, rapid degradation of water quality in replenished aquifers in the coastal
MENA region will intensify with reductions in fresh water recharge.

Sea-level rise (SLR) presents a significant risk to many countries in the region. A
World Bank study (Das Gupta et al. 2007) estimated adverse impacts of sea level rise
on the Arab countries. In the region’s most populous Arab state, Egypt, rising sea
levels will require significant investments in protective structures in order to avoid
widespread population displacement. In the absence of such investment, under the
scenario of a one- meter SLR, Das Gupta et al. (2007, p. 18) found that 10% of
Egypt’s population (an estimated 6 million people) would be affected and 12%–15%
of the agricultural land of the Nile Delta could be lost. Even if direct inundation
is prevented, rising sea levels will change the freshwater-saline interface, rendering
some of the fertile coastal agricultural areas increasingly difficult to cultivate. Egypt’s
Mediterranean coastal cities are particularly vulnerable, as climate change impacts
will interact with ongoing coastal erosion (Egyptian Environmental Affairs Agency
1999; Kreimer et al. 2003).

In addition, a significant proportion of the population depends upon an array
of economic activities situated at or below sea-level in coastal areas of the Nile
Delta. These extend beyond resource-dependent activities such as agriculture and
fisheries, but also include much of the tourism and industrial infrastructure, natural
and cultural heritage sites, and fragile ecosystems, such as the large brackish lakes
of Egypt’s northern coastline. Thus, in terms of population impacted, Egypt is the
most vulnerable of all the Middle Eastern states to any increase in sea-level, followed
closely by the United Arab Emirates and Qatar (El Raey 2008; Das Gupta et al. 2007,
p. 20).

6 Water scarcity, climate, and agriculture

Because the MENA is predominantly arid and hyperarid, significant agricultural
production relies on public or private irrigation using surface water, groundwater, or
some combination. The water and agricultural sectors are, therefore, tightly coupled.
In most of the MENA countries, the agricultural sector is the largest consumer
of water. On average, it accounts for approximately 80% of water budgets (see
Table 1), but reaches 90% and above for six countries in the region. This means that
reallocations of water under conditions of scarcity will most likely be at the expense
of the agricultural sector, as has already been the case in Yemen, Jordan, Israel, and
Libya. The agricultural sector also accounts for a significant share of employment in
some countries, accounting for 28% of employment in Egypt, 44% in Morocco, and
50% in Yemen (World Bank 2007, p. 61).

Liberalization of agricultural sectors, pursued by governments across the region
during the 1980s and 1990s, has posed new challenges for managing irrigation
demand. Governments have withdrawn from setting crop prices and quotas for most
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Table 1 Freshwater
withdrawal by sector

Data Compiled from The
World’s Water, 2004–2005

Country Year Domestic Industrial Agricultural
use (%) use (%) use (%)

Algeria 2000 22 13 65
Bahrain 2000 40 4 57
Djibouti 2000 11 0 89
Egypt 2000 8 14 78
Iran 2000 7 2 91
Iraq 2000 3 5 92
Israel 2000 31 7 63
Jordan 2000 21 4 75
Kuwait 2000 45 3 52
Lebanon 2000 33 1 67
Libya 2000 8 3 89
Morocco 2000 8 2 90
Oman 2000 7 2 91
Qatar 2000 25 3 72
Saudi Arabia 2000 10 1 89
Syria 2000 3 2 95
Tunisia 2000 16 2 82
UAE 2000 23 9 68
Yemen 2000 4 1 95

crops, and gradually withdrawn subsidies on some foodstuffs. Agricultural demand
has risen in response to increasing food prices and the spread of new pumping
technologies. With mobile diesel pumps, farmers in the region can directly access
groundwater sources, contributing to overextraction of aquifers (Achthoven et al.
2004).

National water institutions are thus unable to prevent private actors from appro-
priating water at will. For instance, in Jordan of approximately 2,000 water wells
that are overexploited, at least half of them were constructed illegally.7 In Gaza, the
Palestinian Water Authority was unable to prevent rampant digging of wells. One
water expert postulated that in 1994 there were only about 2,000 wells in Gaza, but by
2000 at least another 1,000 wells were dug.8 Similarly, in Yemen, government officials
have been unable to prevent the illegal drilling of wells in the Sanaa basin to support
the cultivation of qat, a plant widely consumed for its narcotic effects (Kasinof 2009).
In Libya and much of North Africa, declining aquifer levels in coastal areas are also
directly attributable to uncontrolled and illegal pumping for agriculture.9 In all these
areas, overpumping enhances seawater intrusion and the flow of other saline sources,
eventually limiting possibilities for further cultivation.

Reliance on individual pumping, whether licit or illicit, also reflects significant
problems in state provision of public goods—that is, the reliable provision of
good quality irrigation water to agricultural communities. As in many other state-

7See http://www.jordan-business.net/magazine/index.php?option=com_content&task=view&id=
266&Itemid=40.
8Personal communication to EW, former member of the Israeli Civil Administration in Gaza
(January 2000).
9Personal communication to JS, Libyan water engineer (May 2008).

http://www.jordan-business.net/magazine/index.php?option=com_content&task=view&id=266&Itemid=40
http://www.jordan-business.net/magazine/index.php?option=com_content&task=view&id=266&Itemid=40
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controlled and owned resource systems in the MENA, irrigation and drainage
systems face inadequate maintenance, significant losses, and increasing demand from
a variety of users. Aggregate water statistics obscure the fact that many users,
particularly at the tail ends of irrigation canals, face periodic and unpredictable
shortages due to poorly maintained infrastructure and increased withdrawals by
upstream users.

Within this constrained context, climate-related impacts on agriculture are ex-
pected to be significant (Cline 2007, chapter 5). Many crops are already cultivated at
the extremes of their tolerances to heat and salt; increasing temperature is expected
to lower yield and shift cultivation patterns (Eid et al. 2007; GLOWA 2009). Egyptian
agronomists have estimated climate impacts on agriculture, combining standard
global circulation climate models with multi-year, multi-crop models to simulate
outcomes under a variety of cropping systems and management interventions. Most
crops under these simulations showed increased water requirements due to higher
temperatures and lower yields. This was particularly true for grains, including maize,
wheat, sorghum, barley, and rice. All showed significant declines in yields, ranging
from 9% to 19% for a two-degree average temperature rise, along with increased
water consumption of 2%–16% (Eid et al. 2007).

An additional aspect of the fragility of the agriculture sector is the expected
degradation of the quality of irrigation water, associated directly and indirectly with
climate change. Long-term salinization has been observed in many of the aquifer
systems in MENA, including Morocco (Bouchaou et al. 2008), Israel (Vengosh
et al. 1994, 1999; Gvirtzman et al. 1997), Gaza Strip (Vengosh et al. 2005; Weinthal
et al. 2005), Jordan Valley (Marie and Vengosh 2001; Farber et al. 2004), and
Mafraq (Rimawi and Al-Ansari 1997) and Azraq (Al-Kharabsheh 2000; Bajjali and
Al-Hadidi 2005) basins in Jordan. An overall decrease in aquifer replenishment
would amplify these salinization phenomena. Increasingly saline irrigation water is
expected to severely reduce land suitability for vegetable and fruit tree cultivation in
the Lower Jordan Basin of Israel, West Bank, and Jordan (GLOWA 2009).

7 The political economy of adaptation

A recent study by the World Bank (2007) found that formal water policies and
institutions in the MENA scored significantly better than a comparable set of
institutions in 27 low and middle-income countries, in terms of formal regulatory
frameworks and organizational capacities. As the World Bank (2007) also noted,
however, governmental water capacities have not yet translated into commensurate
gains in water efficiency, conservation, or user participation. Yet managing water
demand, improving the efficiency of water use, and promoting conservation will be
key ingredients in responding to climate-induced impacts on the water sector.

Demand management and participatory water strategies typically rely on greater
interaction with communities and local governments than policies implemented
through centralized water provision and planning. Much of the environment and
development literature has emphasized the importance of social capital, state-society
synergy, public-private partnerships, community-based resource management, and
co-production of public goods in fostering effective policy interventions (Evans
1996; Lemos and Agrawal 2006; Ostrom 1992). These kinds of embedded linkages
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or “nested institutions” are also increasingly invoked in explaining resilience and
adaptive capacity of governance systems (Ostrom 1990; Dietz et al. 2003).

Water policy innovations, however, encounter significant obstacles in the MENA,
given the nature of political regimes and the political-economic interests vested
within them. First, water management remains centralized in governmental min-
istries vested for both bureaucratic and ideological reasons in supply-side approaches
to water management. At the same time, existing centralized systems of water
allocation, through irrigation networks and urban water supplies, create relatively
privileged constituencies, in both urban and rural areas (Richards 2002). Lastly,
the authoritarian and quasi-democratic regimes of the Middle East, as the Arab
Human Development reports have consistently noted, have undermined reserves
of ‘social capital.’ Widespread mistrust of governmental agencies and intentions,
and overextended, underfunded state institutions, mean social actors often develop
alternative means to access resources and seek to avoid entanglement in government
initiatives. These features of the political landscape make significant water policy
reforms difficult. In light of these political constraints, we review the predominant
policy responses.

7.1 Searching for supply

Most MENA countries still emphasize supplementing water supplies more than
managing water demand. Given population growth rates, some additional supply
capacity is necessary. More tellingly, however, governmental ministries charged with
water management view water management primarily as a civil engineering problem
(Richards 2002).10 Thus, despite changing precipitation patterns and increasingly
frequent droughts, water policy is still limited largely to increasing supply through
costly measures such as desalination, reuse of treated wastewater, and water storage
infrastructure.

Countries such as Egypt, Morocco, Lebanon, and increasingly Saudi Arabia
have invested heavily in water storage schemes through the construction of dams,
reservoirs, weirs, and other catchment technologies. These have ranged from the very
large-scale, as in the Aswan High Dam, to very small-scale dams designed to catch
run-offs during flood events in small wadis (creeks). Small-scale water catchment
schemes are particularly useful in areas of erratic rainfall and sparse or nomadic
populations, where centralized water supply schemes are impractical. Water storage
schemes can also be used to recharge aquifers; this policy measure has begun to be
applied in Iran and Saudi Arabia (CEDARE 2005).

7.2 Desalination

Most countries that can afford to in MENA have added desalination capacity in
order to meet existing demand that far exceeds renewable water resources, making

10Even within the context of shared water basins, Israeli officials have frequently emphasized
technological solutions to augment supply (Weinthal and Marei 2002).
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the region the world leader in desalination technology investments (World Bank
2007, p. 38). Saudi Arabia is the world’s leader in desalination capacity, accounting
for approximately 26% of global production (Miller 2003, p. 30). While the Gulf
states (in particular, Saudi Arabia) possess the highest percentage of desalination
installations, countries outside of the Gulf (e.g., Algeria, Egypt, Israel, Jordan, Libya,
Tunisia) have increasingly been investing in desalination to augment supply.11 For
example, while desalination in Israel in 2009 (about 140 × 106 m3) accounts for 20%
of domestic water consumption, the government has accelerated the building of new
desalination plants, aiming to supply about 600 × 106 m3, which is 80% of drinking
water consumption by 2013 (Rinat, March 26, 2009 in Ha’aretz).

7.3 ‘Fossil’ groundwater use

Many countries have planned new schemes to draw on large fossil water aquifers.
Jordan, like Egypt, Libya, and the Gulf states, has begun exploring the extraction
of fossil water supplies. This is generally cheaper in the short-term than desalination
capacity. Jordan has initiated a new water project to pump and transport fossil water
from the Disi aquifer in the south to the capital Amman (Jaber and Mohsen 2001;
Mohsen 2007). This aquifer, known also as Saq aquifer, has been utilized extensively
in Saudi Arabia (Lloyd and Pim 1990). The recent discovery of high radioactivity
in this aquifer (Vengosh et al. 2009) would require, however, further investment for
remediation given the health risks associated with long-term consumption of high
radium water (ibid). Egypt and Libya are jointly drawing on the Nubian Sandstone
Aquifer for irrigation and human consumption. Egypt uses this groundwater to accel-
erate development in its Western oases, whereas Libya taps the aquifer through the
Great Man-Made River (GMR) to bring water to its populated coastal areas, where
most of the country’s agriculture is also located. Other countries such as Morocco
have turned to large-scale interbasin transfers to redistribute water resources (World
Bank 2007, p. 36).

7.4 Reuse of treated wastewater

Another supply-side strategy has been to expand the reuse of treated domestic
wastewater as a means to augment water supplies: treated wastewater provides 12%
of Jordan’s irrigation water and in Tunisia, 30% of treated wastewater is reused
in agriculture (World Bank 2007). In Israel, treated wastewater is an important
component of the agricultural sector (about 400 × 106 m3 per year in 2008). The
dramatic decrease in water allocation to the agriculture sector during the drought
of 2007–2008 was made possible due to the availability of treated wastewater, which
was 36% of the total water consumed by the agricultural sector in Israel (data from
Israel Water Authority, http://www.water.gov.il).

11According to one estimate, 35 desalination plants have been built thus far in Saudi Arabia at a cost
of $10 billion (Abderrahman 2001).

http://www.water.gov.il
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In spite of the progress in sewage treatment technology, however, reuse of
wastewater is not always possible and is limited by the content of salts, boron,
pharmaceuticals, and other substances. The salinity and boron contents of domestic
wastewater are typically higher than that of most of fresh water aquifers, as typical
sewage treatment does not remove inorganic constituents such as boron and chloride.
Consequently, inorganic salts are enriched in sewage effluents (Vengosh et al. 1994;
Inbar 2007), which limits its application for salt-intolerant crops.

Another limiting factor for the reuse of sewage effluents for agriculture is
the source of drinking water that eventually is turned into wastewater. Seawater
desalination by reverse osmosis (RO) under normal operational conditions would
remove only a small fraction of boron, resulting in high levels in drinking water and
consequently in treated wastewater. In order to overcome this problem, the recent
RO desalination in Ashqelon, Israel was designed specifically to remove boron
below 0.3 ppm (Kronenberg 2004; Sauvet-Goichon 2007; Gorenflo et al. 2007) to
prevent the recycling of boron-rich wastewater into the agriculture sector. Likewise,
seawater RO desalination requires adequate post-treatment systems in order to
provide sufficient calcium and magnesium contents in desalted water to be used
effectively as recycled wastewater (Lahav and Birnhack 2007). Future utilization of
wastewater for agriculture in MENA would therefore have to consider these limiting
factors in designing their water management system if RO desalination plants are
pursued.

7.5 Horizontal expansion of irrigated land

One striking feature of many MENA political economies is the long-standing
commitment to expanding irrigated agriculture, often by “overbuilding” irrigation
infrastructures beyond physical capacities of river basins and aquifers (Molle and
Berkhoff 2006). Even as groundwater reserves are drawn down in many countries
and salinization threatens existing irrigated areas, horizontal expansion of agricul-
tural land remains a declared priority for many regimes. The expansion of arable
land into desert frontiers has been central to state building projects and nationalist
ideologies in countries as diverse as Egypt, Israel, Libya, Turkey, and Saudi Arabia
(for Israel, see De-Shalit 1995; for Egypt, see Sowers forthcoming b).

In Libya, the GMR takes fossil water hundreds of kilometers from the arid interior
and distributes water to the populated coastal areas through a network of pipes
(Mashru` al-nahr al-sina`i al-`azim 1989; Tantawi 1990). Initial plans for the GMR
included large-scale land reclamation but increasingly urban and industrial needs
trumped those of agriculture. Initiated in the 1980s with technical assistance from
Halliburton, the GMR was plagued by cost-overruns and technical problems. It is
now substantially complete, and has allowed Libya to rely less on desalination than
other sparsely populated oil-exporting countries (Ford 2003).

In Turkey, the government prioritized the construction of 22 dams and 19 hydro-
electric power plants in the GAP or Southeastern Anatolia Project, part of state plans
to incorporate and pacify the Kurdish population in the southeast region. The project
began in 1977 with the goal of expanding irrigated agriculture by an additional
1.7 million hectares. Under international criticism, the Turkish state has gradually
added other investments such as schools and healthcare clinics. Yet participatory
assessments and other forms of consultation with local populations have been absent



Climatic Change

in light of ongoing civil conflict and state violence in the largely Kurdish region
(Ronayne 2005). While several dams, such as the Illisu dam, have been delayed
due to international and local protest, most of the planned infrastructure has been
completed (e.g. Warner 2008).

Egypt has also embarked on large-scale land reclamation projects. Designed
to increase Egypt’s habitable area from 4% to 25%, these projects included the
Al-Salam Canal (Peace Canal) to mix Nile water with drainage water to irrigate
northern Sinai, and the New Valley project, to divert Nile water to parts of the
Toshka depression in south-western Egypt. Egypt built the world’s largest pumping
station (the “Mubarak” pumping station) for the Toshka project and offered long-
term concessions to attract private investors, but found few willing to invest far
from centers of population, transport, and distribution (Salem 2005). At present the
pumping station uses only a fraction of its capacity, due to lack of irrigation demand,
but the government continues to market the project to agribusiness investors from
Egypt and the Gulf (Sowers forthcoming b).

Hydrologists and social scientists alike have generally considered Egypt’s in-
vestment in these ‘megaprojects’ excessive (Allan 2001; Ayeb 2002; Elarabawy
and Tosswell 1998). The era of large state-sponsored horizontal irrigation projects,
however, may be rapidly coming to an end.As the Egyptian Ministry of Irrigation’s
Integrated Water Resources Management Plan observes “it should be realized
that by implementing all these measures,in particular all of the planned horizontal
expansion projects, the water resources systems has reached its limits of what it can
support” (Ministry of Water Resources and Irrigation 2005).

7.6 New paradigms of water management

Given the increasing costs associated with producing additional supplies of water,
and diminishing quality of existing sources, regional water experts in MENA and
international development institutions have begun advocating IWRM (Fischhendler
2008; Mohorjy and Grigg 1995; Kandil 2003; Elarabawy et al. 2000). IWRM em-
phasizes inter-governmental coordination and enhanced participation from diverse
communities of water users. MENA experts have convened new forums and net-
works to disseminate norms of IWRM and water demand management (Sowers
forthcoming a). These include the Arab Water Council, founded in 2004 as a
non-government professional organization, and the Global Water Partnership—
Mediterranean, founded in 2002 as an ongoing partnership for activities associated
with the Mediterranean Environmental Technical Assistance Program (METAP),
a multi-donor funded project. A range of other non-governmental research centers
also serve as hubs for disseminating new norms of water management, such as CIDA
(The Canadian International Development Research Center) and ICARDA (the
International Center for Agricultural Research in Dry Areas) located in Aleppo.
These efforts are supported by a number of international development institutions.

In general, international organizations strive to construct isomorphic environ-
mental structures across countries, in order to promote convergence in environ-
mental practices such that all countries possess similar institutional templates for
understanding environmental change (Weinthal 2002). For the MENA water sector,
institutions supporting policy reforms in the water sector include the World Bank and
the Global Environmental Facility, the specialized agencies of the United Nations,
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particularly the United Nations Environment Program (UNEP), the United Nations
Development Program (UNDP), the Economic and Social Commission for Western
Asia (ESCWA) of UNESCO, and the Food and Agriculture Organization (FAO).12

International donors have increasingly embarked on partnerships with MENA
water experts based in government ministries. Increasingly some of these initia-
tives involve multiple donors and multi-year funding. For example, the Water
Demand Initiative for the Middle East and North Africa (WaDimena) is a 4-
year project explicitly designed to target demand management by working with
local communities and supporting domestic scientific research in the Arab coun-
tries (http://www.idrc.ca/wadimena/). Although Israel, Turkey, and Iran are absent
from some of these forums, they too have adopted similar institutional structures
and reporting requirements, suggesting that dissemination of new norms for water
management follow multiple avenues of diffusion.

This diffusion of ‘best practices’ in water management, however, has not yet
moved significantly beyond the domain of water experts at the highest echelons
of water bureaucracies. These experts are often limited in their ability to foster
reform either in their own institutions or across other government ministries and
sectors. For instance, while leading officials at Egypt’s water ministry supported
efforts by international donors to establish water users associations to manage water
more efficiently since the early 1990s, the government has not yet legally recognized
or devolved decision-making authority over local irrigation to these associations
(Sowers forthcoming a).

Environmental agencies that might promote alternative water management ap-
proaches are relatively underdeveloped and kept distinct from water resources plan-
ning in much of the MENA. Most states in the region have created environmental
agencies or appended environmental functions to existing ministries. However, many
of these institutions do not enjoy the same statutory and regulatory powers as other
central government agencies such as ministries of water and agriculture. In Israel,
for example, water allocation and distribution is controlled by the water authority,
which is part of Ministry of Infrastructure, whereas the Ministry of Environment has
a minimal input, even in topics related to water quality. The Ministry of Environment
holds a similarly secondary status to the ministries of irrigation, housing, public works
and planning in the Arab countries (Assaf 2008).

Many developing countries, including those in MENA, furthermore do not have
adequate scientific capacity to conduct local research into climate-water dynamics.
Only a few, such as Egypt and Israel, have local scientists with the expertise and
resources to conduct research, while others, such as the various small Gulf states,
can afford to import consultants and scientists. Several initiatives, such as USAID-
funded projects, Germany-funded GLOWA project, and the Mediterranean Action
Plan, have initiated joint research programs that include scientists from the region

12Also see Euro-Med (2008) Integrating the climate change dimension into water resources manage-
ment in the Mediterranean presented by Morocco, Spain and Greece with the contribution of the
MED EUWI Secretariat, in view of the Euro-Mediterranean Ministerial Conference on water, 29
October.

http://www.idrc.ca/wadimena/
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and experts from overseas.13 Overall, the scientific infrastructure necessary to plan
specific, localized adaptive measures is limited.

Water experts and climate researchers also encounter a number of political
constraints. Political leaderships remain unconvinced about the need to adaptively
plan for climate-related impacts on water given immediate priorities of providing
and expanding water provision. For example, in Egypt, climate scientists have rec-
ommended establishing high level committees representing government, research,
and civil society partners; this has yet to materialize. An inter-ministerial committee
on climate change was established but has yet to meet more than once.14

The security concerns that dominate many states in the MENA take their toll on
climate and water research activities and efforts to enhance their adaptive capacity.
Conflict between Israel and its Arab neighbors has limited cooperation over water
and environmental issues (Brown and Crawford 2009; Weinthal et al. 2005). In Egypt,
several climate researchers have found that international collaborations involving the
use of satellite imagery to analyze climate impacts were rejected by the military on
national security grounds.15 These limitations compound the long-standing problems
of scientific emigration (the ‘brain drain’), inadequate compensation, and limited
investment in scientific research that characterize many developing countries.

8 Adaptation in the agricultural sector

8.1 Expanding reliance on trade

The most obvious adaptive measure to meet MENA’s water needs is to expand
reliance on “virtual” water through imports (Allan 1997). However, this strategy
relies on domestic economies generating sufficient foreign exchange to cover the
costs of imports. Food prices, particularly of cereals, have been kept artificially low
through subsidies by the United States and the European Union to grain producers.
In addition, the international trade in food, like all commodities, does not yet factor
in the environmental costs of carbon from transport, a situation that may change in
coming years as awareness of climate change deepens. Rapidly rising food prices in
2008 rekindled concerns about food security throughout the MENA region.16

8.2 Intensification of existing cultivated areas

Several MENA countries have adopted pricing policies and extension services to
increase the cropping intensity of existing cultivated land. By adopting early matur-
ing varieties with higher yields, total yields and cropping intensities have steadily
increased in some irrigated areas. In Egypt, total cropped area rose from 4.7 million

13See http://www.planbleu.org/publications/changement_clim_energie_med_EN.pdf
14JS interview with climate scientist, Cairo, (December 2008).
15Ibid.
16For a discussion of the link between international food prices and incidence of protest and riots,
see Cullen et al. 2009.

http://www.planbleu.org/publications/changement_clim_energie_med_EN.pdf
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hectares in 1982 to 6.5 million hectares in 2003, through pricing incentives and
extension programs promoting high yield, early maturing varieties of wheat, rice,
and maize (Food and Agriculture Organization 2005). With cropping intensities
averaging 180%, Egypt has also begun developing heat-tolerant and salt-tolerant
crop varieties to cope with changing temperatures and increased salinization (ibid).

8.3 Accessing arable land in other countries

Wealthier MENA states have tried to secure rights to arable land and crops in other
countries. According to the Arab Organization for Agricultural Development, the
price of food imports for the Gulf states increased from $16 billion to $20 billion
between 2006 and 2007 (Montero 2008). Saudi Arabia reportedly considered creating
a new holding company in 2008 to purchase overseas farms, including rice farms
in Thailand and Indonesia (Economist 2008). Kuwait, likewise, offered Cambodia
$546 million in development loans to finance a dam and build a road, in return for
perhaps a long-term lease of 50,000 ha of rice-producing land or guaranteed purchase
of the rice crop (Economist 2009b). Many of these deals will most likely be carried
out by public-private investment groups and holding companies. For example, the
Economist reported that an Abu-Dhabi-based firm, Al Qudra, had acquired large
tracts of farmland in Morocco an Algeria, and was seeking acquisitions in Syria,
Vietnam, Thailand, Sudan, India, and Pakistan (Economist 2009a).

Such arrangements, however, have typically run into domestic opposition and
political instability. Egypt and the Gulf states have intermittently and over decades
explored water supply and agricultural ventures in Sudan, the most famous being
the Jonglei Canal project. Most of these efforts have been hindered by civil war
and ethnic cleansing that have created periodic famines amid chronic hunger. Egypt
recently sought access to 840,000 acres of land in Uganda, producing public outrage
and resulting in the Ugandan government retracting its commitment (Montero 2008).
In Cambodia, rice farmers, NGOs, and opposition parliamentarians have criticized
the potential land leases to Kuwait, citing ongoing conflict over displacement of small
farmers (Economist 2009b). It is, thus, unlikely that large-scale land transfers or long-
term leases will be politically viable.

8.4 Increasing investment in irrigation and drainage systems

Tackling domestic water usage in the agricultural sector thus remains an imperative.
Losses from poorly maintained and damaged infrastructure are the single greatest
source of water savings. This is the case particularly where conflict has rendered
public irrigation infrastructures wholly inadequate, as in the Gaza Strip, Algeria,
and Iraq (e.g. UNEP 2003). In much of the rest of MENA, irrigation and drainage
networks suffer from chronic shortages of investment, which means extensive water
losses from the distribution system. These losses may well amount to more water
than ‘lost’ through excess application to crops. One of the most important adaptive
measures for MENA is thus to invest in improvements to irrigation systems, but
it is costly to do so. Countries such as Egypt rely on a combination of donor and
governmental funding to upgrade irrigation and drainage networks, but these efforts
have not kept pace with infrastructural needs.
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8.5 Reallocating water out of agriculture

Water usage in the agricultural sector has been reduced quite rapidly when water
stress threatens the domestic water supply. Agricultural users, often portrayed as
powerful interest groups, can quickly find themselves residual users (Molle and
Berkhoff 2006). As water crises deepen, urban water supplies typically take priority
over agricultural uses, either explicitly through administrative decree or through
‘stealth’ measures (ibid). In the Middle East, this process has typically taken place
under conditions of severe drought or rapid groundwater depletion, to the extent
that policymakers find themselves forced to take action.

Saudi Arabia serves to illustrate. Beginning in the 1970s, the government of
Saudi Arabia began subsidizing wheat production as a means to promote food
security and became a net exporter of wheat in 1984/1985. By the mid-1990s,
surpluses were so large that they were dumped on world markets (Auty 2001, p.
82). Recognizing that wheat subsidies were responsible for consuming large amounts
of water and hindering diversification of the agricultural sector, the government in
1993 dramatically scaled back its support for wheat cultivation (Elhadj 2008). Saudi
Arabia reportedly plans to phase out wheat production by 2016 (Montero 2008),
but existing agricultural businesses have largely shifted to other forms of agricultural
production. As a result, it is not clear whether aggregate water withdrawals have
declined to sustainable levels.

More significant restructuring of water demand, by restricting water allocations
to the agricultural sector in time of drought, has taken place in Israel. The Israeli
agriculture sector consumed 80% of total water consumption during the 1960s and
1970s, but was reduced to 56% in 2008 due to the overall decrease water availability.
This shift was associated with an overall reduction of agricultural activity, increased
conservation by using advanced irrigation methods such as drip irrigation, and the
increasing proportion of recycled wastewater through the Dan Region Reclamation
Project (Israeli Water Authority; http://www.water.gov.il).

MENA countries with significant rain-fed agricultural sectors have faced more
difficulty in adapting to prolonged, severe drought. Syria supported the near dou-
bling of irrigated agriculture between 1985 and 2003 in the name of food security
(Bazza and Najib 2003, p. 8). This strategy depleted groundwater reserves and
extended agricultural cultivation into marginal areas. Faced with significantly low
rainfall in 2008–2009, the Syrian government attempted to scale back the cultivation
of cotton for export (Brown and Crawford 2009), but has not embarked on more
significant adaptive measures.

8.6 Water pricing

International institutions such as the World Bank often recommend pricing water
used in agriculture. While countries can reduce indirect incentives for water con-
sumption, such as subsidies on diesel fuel for pumping, it is impractical to directly
price agricultural water for small-scale users in most countries of the MENA for both
political and economic reasons. First, irrigation water is already indirectly priced,
capitalized in the relatively high costs of agricultural land in areas such as the Nile
Delta (Richards 2002). Second, in the Delta irrigation system, farmers pay to lift
water from state-owned distribution canals to privately-owned tertiary canals using

http://www.water.gov.il
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diesel pumps, a deliberate design choice on the part of the irrigation ministry to limit
excess water consumption. Third, pricing water based on consumption would require
on-demand irrigation technologies that do not exist in the MENA, as well as up-front,
lump investments that are out of reach for most MENA governments.

In addition, however, the assumptions behind the recommendation to price
agricultural water are often problematic. Many analysts assume that this would
promote on-farm water savings and that the funds collected by water pricing would
be returned to farmers as a public good in improving irrigation deliveries. However,
most small-scale farmers cannot afford to move from basin to drip irrigation and
other ‘conserving’ technologies, and states would thus have to significantly invest
in rural infrastructure. There is also little evidence to suggest that revenues derived
from the rural sector have been adequately returned to the countryside. Further,
removal of water subsidies in countries such as Morocco could hurt the poor
further and increase poverty (World Bank 2007, p. 84). Charging water for larger
agribusiness holdings, however, has barely been explored in the MENA.

9 Social mobilization and water-related climate change Adaptation in MENA

Limited space for social and political mobilization in the environmental sphere in
the MENA region contributes to the governments’ focus on technological solutions
to increase supply rather than addressing water quality and equity issues more
directly.17 As one author noted, “the degree of popular mobilization defines the
cost of doing nothing” (Molle and Berkoff 2006, p. 23). In the past few years,
however, there has been a significant increase in climate adaptation activities among
international organizations, universities, and networks of national and regional non-
governmental organizations. These organizations have sought to raise the issue of
climate change to policymakers and the public, focusing especially the linkages
between climate change, water, and health.

Several regional networks have sponsored workshops, reports, public information
campaigns, and worked with donors to develop adaptation projects. These include
the Arab Integrated Water Resources Management Network (AWARENET), the
Arab Network for Environment and Development (RAED), and the Arab NGO
Network for Development (ANND; Assaf 2008). The American University of Beirut
has hosted a series of workshops to bring climate scientists from different parts of
the Middle East together, and begun compiling a regional research database. The
goal is to facilitate informed outreach to policymakers in Lebanon and elsewhere.18

Formal regional organizations have also begun to take interest: the Arab Leagues
has established a committee on climate change and held several working meetings
(ESCWA 2008).

17Outside of Israel that has a more robust environmental movement, the World Bank (2007, Table
2.5) summarizes the strength of environmental NGOs in region. Morocco is considered to have
the most active environmental organizations whereas the Gulf states are home to the least active
environmental organizations.
18JS Personal comm. with Rami Khouri, Director, Issam Fares Institute of Public Policy, American
University of Beirut, October 31, 2009.



Climatic Change

These regional networks and forums have produced a common set of prescrip-
tions for climate adaptation across sectors including water resources. These include
the establishment or expansion of early warning systems to monitor variability in
precipitation and surface flows; national units and committees dedicated to climate
adaptation, identification of areas under threat from desertification, and national
disaster planning; undertaking national vulnerability assessments, and preparing
action plans to access international and local funds for adaptation (Fayyad 2009;
Mimi et al. 2009).

Regional expert networking has been fostered in part by international and re-
gional donor agencies that increasingly support climate adaptation activities. Since
the Kyoto Protocol reporting requirements and funding mechanisms (notably the
CDM, clean development mechanism) initially focused on mitigation, the MENA
countries did likewise. They designated national reporting units, began conducting
greenhouse gas emissions inventories, and prepared projects for CDM funding. As
international institutions have increasingly embraced adaptation activities, through
such mechanisms as the Least Developed Country Fund at the Global Environmen-
tal Facility, some MENA countries have begun to formulate adaptation strategies
and funding requests. With UNFCC assistance, Sudan (June 2007) and Yemen
(April 2009) formally submitted National Adaptation Programmes of Action.19

WHO and UNDP have jointly developed the Special Climate Change Fund (SCCF)
funded “Adaptation to Protect Health” project. FAO supports efficient use of water
in farming and the development of Jordan’s national drought mitigation strategy
(http://sdnhq.undp.org/opas/en/proposals/suitable/142).

New forms of media and communications are also increasingly focusing on issues
of climate adaptation and water. The rapid expansion in access to international
and regional satellite networks has provided some coverage of climate change
and adaptation issues. Al Jazeera, in particular, pioneered climate coverage to the
Arabic-speaking populations in its talk shows, documentaries, and expert interviews;
other regional satellite stations, such as Al Arabiyya and LBC, have begun to follow
suit (Assaf 2008).

Community participation in climate change adaptation initiatives, however, is
constrained by the broader political context. With some exceptions, community-
based environmental organizations are tolerated to the extent that they focus on
a narrow range of issues. When they expand their focus to include demands for
rights or accountability, they quickly encounter the array of legal restrictions and
outright coercive tactics applied to contain civil society more broadly. Government
restrictions on civil society can have concrete costs in terms of international assis-
tance for climate adaptation. The Syrian government’s refusal to empower local
social organizations has contributed to growing resistance on the part of interna-
tional organizations to render drought relief (Akkad 2009). Despite restrictions, the
number of environmental organizations has been increasing, and localized protest
around environmental issues, particularly pollution, is on the rise (Hopkins et al.
2001; Elmusa and Sowers 2009).

19http://unfccc.int/cooperation_support/least_developed_countries_portal/ldc_work_programme_
and_napa/items/4722.php

http://sdnhq.undp.org/opas/en/proposals/suitable/142
http://unfccc.int/cooperation_support/least_developed_countries_portal/ldc_work_programme_and_napa/items/4722.php
http://unfccc.int/cooperation_support/least_developed_countries_portal/ldc_work_programme_and_napa/items/4722.php
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While popular environmental activism remains constrained in most countries
of the region, other groups theoretically wield more political clout. Businesses
associated with tourism are beginning to express concern about how climate change
could affect the industry (World Bank 2007). In Egypt, however, tourism operators
concerned about environmental issues are more focused on the immediate destruc-
tion of coral reefs and desert habitats brought about by unrestricted development
than the challenges of climate change (Sowers 2007).

Little state support is evident yet for local-level adaptive water supply and quality
projects that could be widely replicated, although some donors are actively working
in this area. In Egypt, several NGOs have formed to pursue pilot projects in solar
desalination, rainwater harvesting, and other small-scale renewable energy projects.
So far, they have encountered little assistance from the government and rely almost
entirely on their own resources or funds from international donors.20

10 Addressing the population question

The population question is perhaps the most sensitive issue for countries in MENA
for religious, cultural, ideological, and security reasons. In Israel, religious leaders
encourage large families, and the state has promulgated public policies that not
only sanctify but monetarily reward childbirth. In particular, families with large
numbers of children receive numerous subsidies and tax breaks (Tal 2002). The
Environmental Ministry, furthermore, has “been unwilling to define overpopulation
as an environmental priority” (Tal 2002, p. 424). A consensus exists in Israel that
there are limits to any population debate and the discussion that does take place is
framed as one of “development” (Orenstein 2004).

In the Arab countries, political leaderships remain ambivalent about the most
appropriate ways to address population growth. While reports on the regional
water situation and country environmental reports typically mention the impact
of population on water resources (e.g. Sa’id 2004; Khalil 1998; Wizarat al-Dawla
li Shu’un Al-Bi’ah 2007) there are no substantive linkages in practice between
environmental initiatives and population initiatives. Because of domestic politics in
some donor countries, major donors to the MENA region, such as USAID, have also
avoided any linkages between population and environment.

In the poorer countries of MENA, education and employment for women remain
the two most important avenues for reducing high rates of population growth.
Women’s formal participation in the labor force varies widely across the MENA,
with the Gulf states showing the lowest rates of female labor force participation
with the exception of Kuwait (Richards and Waterbury 2008). Not surprisingly, the
Gulf countries thus have population growth rates at odd with their levels of income.
In poorer countries, privatization and contraction of state-owned enterprises have
disproportionately hit women’s employment, as public sector jobs remain one of
the more accepted and respected places for women to work (Moghadam 1997). The

20JS Interview, NGO founder, Cairo, (November 2008).
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donor-sponsored discourse on gender and environment, however, remains narrowly
focused on increasing women’s voices as ‘stakeholders’ in specific projects, rather
than linking progress on female education and employment to climate adaptation.

11 Conclusions

Worsening drought conditions compounded by increasing demand for water and a
crisis in water quality are forcing the MENA countries, including the energy-rich
Arabian Peninsula, to begin to consider costly measures to confront the effects of
climate change. Common policy prescriptions are emerging based on the diffusion
of new water management paradigms, fostered by expert networks, international
institutions, and donor agencies. However, many of these approaches are only
generically formulated, and do not take into account the difficult political and social
trade-offs that will be entailed in reconfiguring water policies to enhance adaptive
capacities. We have sought to provide a survey of the socio-political challenges
facing the MENA countries as they begin to adapt to the effects of climate change
on their groundwater and surface water resources. Most countries have continued
to emphasize large-scale, technical solutions for increasing supply from alternative
water sources rather than to implement water conservation.

Significant policy changes in demand management have, in some cases, been
facilitated by crisis conditions. These have included prolonged drought in Israel,
rapidly depleting groundwater reserves in Saudi Arabia, and severe water short-
ages in Jordan. Crisis, however, can also produce severe disruption to livelihoods,
particularly in rural areas. In eastern Syria, prolonged drought (2006–2009) without
effective interventions has affected 1.3 million people; the loss of the 2008 harvest has
accelerated migration to urban areas and increased levels of extreme poverty (UN
2009, 1, 12).21

For the MENA countries to address adequately declining agricultural outputs
and urban water shortages, however, leaders will have to not only rely upon these
technical solutions but also engage societal actors in climate change adaptation,
especially concerning the role of civil society and population growth. The growth of
regional networks and forums along with adaptation projects funded by international
institutions have begun to broaden awareness and participation in climate change
adaptation for the water sector. A primary challenge, however, remains convincing
political leaderships of the urgent need to prioritize adaptation measures.
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