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Water: Sustainable Management of a Scarce Resource is the third of a series of
annual reports on the state of Arab environment, produced by the Arab Forum
for Environment and Development (AFED). The first AFED report, published
in 2008 under the dtle Arab Environment: Future Challenges, covered the
most pressing environmental issues in the region. The second report, Impact of
Climate Change on Arab Countries, was published in 2009 and addressed the
vulnerabilities to climate change facing Arab countries. This report covers water
issues in the driest region of the world.

Water is the major challenge facing the Arab region. Arab countries are already
in the midst of a water crisis. As early as 2015, almost all Arab countries will be
below the level of severe water scarcity at less than 500 cubic meters per capita
per year; nine countries will be below 200 cubic meters, six of which below
100 cubic meters. Climate change will worsen the situation. Water flow in the
Euphrates may decrease by 30% and in the Jordan River by 80%. An average
increase in temperature of 2°C may decrease the flow in the Nile by 50%. Over
85% of fresh water is used for agriculture, with more than half wasted due to
unsustainable practices. Efficiency levels of water for human use are low, even
in countries depending almost entirely on desalination. Although the region
produces more than half of the world’s desalinated water, it depends entirely on
imported technologies and equipment.

In addition to documenting the latest data on the state of water in the Arab
countries, the report is designed to contribute to the discourse on the sustainable
management of water resources. The treatment of the subject is both broad
and multdisciplinary, thus providing the public, experts and decision makers
with critical understanding, without being overly technical or academic in
nature. The report combines in one volume a large amount of critical material
on water from a variety of sources, analyzes them, discusses success stories as
well as shortcomings, and proposes policy measures. While contributing to the
dissemination of knowledge and information sharing, the report ultimately aims
at inciting action for sustainable water policies.

The Arab water sector has been the subject of numerous studies by government
agencies, development banks, and aid organizations. Therefore, critical issues in
the Arab water sector have been researched and documented. The World Bank
2009 report, Water in the Arab World: Management Perspectives and Innovations,
is but one example. This AFED report does not duplicate work already done, but
rather builds on it to propose specific reforms and action plan.

Despite investments in Arab water infrastructure, the benefits of a sustainable,
secure, and equitable management of water resources continue to elude the region
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with serious ramifications on public health and well-being. The report sets the
context by laying down why these benefits have been slow to come by and what
challenges need to be addressed to attain water sustainability in the region.

The report also describes new trends and the prospects for reforms affecting the
future of water in Arab countries. It addresses water governance, management
of shared water resources, the role of laws and customary arrangements, the
sustainability of desalination, constraints in water reuse, water pricing, use of
analytical tools such as remote sensing, and the management of agricultural,
municipal, and industrial water resources, among others.

AFED Secretariat wishes to thank all those who supported this initative,
specifically the report’s main editor Dr. Mohamed El-Ashry, Dr. Mostafa Kamal
Tolba and Dr. Mohamed Kassas who helped in laying down the methodology and
appraising of the outcome, and Dr. Shawki Barghouti who put at our disposal
the resources of the International Center for Biosaline Agriculture (ICBA).
AFED’s special thanks go to the OPEC Fund for International Development
(OFID) for its continuous genuine support to the Forum’s program, the Islamic
Development Bank (IDB), and all corporate and media partners who made this
endeavor possible. Thanks are also due to the authors and the many experts
who contributed to the contents, and the editorial and production team of
Al-Bia Wal-Tanmia (Environment & Development) magazine for their dedication
to produce this report and book up to the highest standards and in record time.

AFED hopes this report will contribute to the ongoing dialogue on the future
of water in Arab countries and catalyze institutional reforms. If this report can
inform and help shape public policy for sustainable water management in the
Arab world, then it would have served its purpose.

Najib Saab
Secretary General
Arab Forum for Environment and Development



EXECUTIVE SUMMARY

ARAB ENVIRONMENT

WATER

2010 Report of the Arab Forum for Environment and Development (AFED)

The Arab world is facing the prospect of severe water and food shortages unless
rapid and effective measures are taken to address the region’s water scarcity
dilemma. Even if all available fresh water resources in the region were utilized,
Arab countries on the whole would still find themselves below the water scarcity
level. Alarmingly, the 2010 report of the Arab Forum for Environment and
Development (AFED) has found that Arabs will face, as early as 2015, the
condition of severe water scarcity, at which the annual per capita share will be less
than 500 cubic meters. This is below one-tenth of the world’s average, currently
estimated at over 6,000 cubic meters. Water scarcity is a limitation to economic
development, food production, and human health and well being.

Why does an allocation that is below 500 cubic meters (500,000 liters) per capita
represent severe water scarcity? Some figures can serve as a useful illustration: it
takes 150 liters of water to make a quarter liter cup of coffee; one kilogram of
wheat needs 1,300 liters, while one kilogram of beef takes 15,000 liters of water
to be produced. The larger the difference between a region’s water resources and
its water needs, the higher its degree of water (and food) insecurity.

Water supply sources in the Arab world, two-thirds of which originate outside
the region, are being stretched to their limits. Thirteen Arab countries are among
the world’s nineteen most water-scarce nations, and per capita water availability
in eight countries is already below 200 cubic meters, less than half the amount
designated as severe water scarcity. The figure drops to below 100 cubic meters
in six countries. By 2015, the only countries in the region which will still pass
the water scarcity test, at above 1,000 cubic meters per capita, will be Iraq and
Sudan —and even that assumes that water supplies from Turkey and Ethiopia will
continue to be sustained at their present levels. Without fundamental changes in
policies and practices, the situation will get worse, with drastic social, political
and economic ramifications.

The Arab region is one of the driest in the world. More than 70% of the
land is dry and rainfall is sparse and poorly distributed; climate change will
exacerbate the situation. By the end of the 21 century, Arab countries are
predicted to experience an alarming 25% decrease in precipitation and a 25%
increase in evaporation rates, according to climate change models. As a result,
rain-fed agriculture will be threatened, with average yields estimated to decline
by 20%.

Wiater use in the Arab region is dominated by agriculture, which utilizes about
85% of the water resources, against a world average of 70%. Irrigation efficiency
is very low in most countries, at 30% against a world average of about 45%.
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Agricultural productivity is still measured by tons produced per hectare of land
regardless of water wasted, while it should be measured by tons produced per
cubic meter of water so that water usage can be captured as part of the cost of
production.

Since surface water supplies do not meet growing demand due to population
growth and economic development, groundwater resources have been over-
exploited beyond safe yield levels. This has resulted in significant declines in
water tables and in the pollution of aquifers. Water pollution is a major challenge
in the region due to increasing discharges into water bodies of domestic and
industrial waste water, as well as agricultural chemicals, which raises serious
health risks, especially among children. Over 43% of waste water in the region
is discharged without treatment, while a small fraction not exceeding 20% is
reused. Furthermore, overexploitation of groundwater along coastal areas is
resulting in salt water intrusion.

Water shortages have compelled a number of Arab countries to rely heavily on
desalination for the bulk of their municipal and industrial water needs. With
5% of the world population, Arab countries are endowed with just 1% of
the world’s renewable fresh water resources, while they have over 50% of the
wortld’s desalination capacity. At the projected rate of annual increases, current
desalination capacity will be doubled by 2016, using expensive, fully imported
and polluting technologies. In some countries part of the expensive desalinized
water is being used to irrigate low-value crops, or even golf courses. The discharge
from desalination stations contributes heavily to increased salinity and higher
temperatures of seawater in coastal areas. Sustainability of desalination to meet
increasing demand depends on technological breakthrough and developing
local capacity, which make the technology more affordable and environmentally
friendly. This might be achieved mainly by introducing new desalination methods
using solar energy.

This AFED report has found that most public organizations in the Arab world,
serving both irrigation and urban water needs, do not function properly and have
not served their clients effectively. Responsibility for managing water and water
services is dispersed across multiple institutions which rarely coordinate among
themselves. Moreover, decision making is top-down with no, or ineffective,
stakeholder participation.

The report argues that free water is wasted water. Artificially low prices and
heavy subsidies to water services are at the root of inefficiency, overuse, excessive
pollution, and environmental degradation. For example, the average price
charged for water in the region is about 35% of the cost of production, and
in the case of desalinized water it is only 10%. While water pricing has been
advocated for a long time, especially in irrigation, it is seldom enacted, even
though it is central to attracting increased investment in the sector. Nevertheless,
finance alone will not address the water challenges, because no technological or
engineering solutions will be effective without the necessary policy, institutional,
and legal reforms.

Proper management of municipal and industrial water supplies requires the
introduction of water pricing schemes. When assessing water rates for municipal
and industrial users, policy-makers should seek pricing structures that meet the
goals of local acceptability, economic efficiency, cost recovery, and equity. Flat
fees should be replaced by a two-tier tariff structure: a fixed charge for individual



basic needs and for ensuring cash flow to providers, and a variable charge based
on level of usage to encourage changed use patterns and enhance efficiency.

The problems plaguing water management in the region are daunting, and a sole
focus on developing new supplies is no longer viable. There is an urgent need
for a strategic shift from a culture of water development to one of improving
water management, rationalizing water consumption, encouraging reuse and
protecting water supplies from overuse and pollution.

A core recommendation of this AFED report is that before investing large capital
into increasing supplies, less expensive investments that reduce water losses
and enhance efficiency should be implemented. This means a reorientation in
governments role, from being focused exclusively on being a provider to that of
becoming an effective regulator and planner.

Arabs cannot afford to waste a single drop of water. Governments should urgently
implement sustainable water management policies which rationalize demand to
ensure more efficient use. This can be achieved by attaching an economic value
to water, measured by the value of the end product from each drop. Governments
should implement water efficiency measures, shift from irrigation by flooding
to more efficient irrigation systems including drip irrigation, introduce crop
varieties that are resilient to salinity and aridity, recycle and reuse wastewater, and
develop affordable technologies for water desalination. More research is needed
to address the challenges of food security and adaptation to climate change.

The main message of this report is threefold: First, the Arab world is already
living a water crisis that will only get worse with inaction. Second, the water
crisis, though serious and multi-dimensional, can be addressed through policy
and institutional reforms as well as education, research, and public awareness
campaigns. Third, averting a water crisis and suffering in the Arab world is only
possible if Arab heads of state and governments make a strategic political decision
to take up the recommendations for reforms seriously and urgently.

The state of water resources in the Arab world is precarious and worsening. It is
perhaps the most serious challenge facing the region in the coming decades, and
without concerted efforts at improving water management and institutions, the
situation will only deteriorate further.

The water crisis is knocking on Arab doors; the time to act is now.

IX
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ARAB ENVIRONMENT: WATER X1

INTRODUCTION

ARAB WATER: Sustainable

Management of a Scarce Resource
2010 Report of the Arab Forum for Environment and Development (AFED)

Since the beginning of time, water has been shaping the face of the Earth,
not only as a geologic agent, cutting valleys and canyons and sculpting rock
formations, but also as a major factor in the rise and fall of great civilizations
and a source of conflict and tension between nations. The first great
civilizations arose on the banks of great rivers — the Nile in Egypt, the Tigris
and Euphrates of Mesopotamia, the Indus in Pakistan, and the Hwang Ho
of China. All of these civilizations built large irrigation systems and made
the land productive. By the same token, civilizations collapsed when water
supplies failed or were improperly managed. The decline of the Sumerian
civilization of Mesopotamia, for example, is believed to have been due to
prolonged droughts and poor irrigation practices resulting in salt build-up
in the soil. Similarly, the abandonment of Roman aqueducts, canals, and
reservoirs in North Africa caused the return of the region to desert condition.

Water sustains life, it sustains the environment, and it sustains development.
The global water crisis relates to both quantity and quality and is closely linked
to the global environmental crisis and the degradation of life-supporting
ecosystems. It is a crisis of management: fragmented institutions, inadequate
policies and deficient legal systems, insufficient funding for water supply and
pollution control, and shortage of political will.

Rapid population growth in developing countries contributes to environmental
degradation, and this degradation, along with inadequate water supply and
sanitation services, imposes large health problems and burdensome economic
costs. Water supply sources are being stretched to their limits, and many parts
of the world are facing water scarcity. Sanitation facilities are either lacking
or are being overloaded, and surface and groundwater pollution is increasing
rapidly. In the 20" century, the world’s population tripled and the use of water
grew sixfold. By 2050 an additional 3 billion people will be born mostly in
countries already suffering from water shortages.

It is the poor in rural and peri-urban areas that suffer the most. 1.2 billion
people are without access to safe water and 2.6 billion are without basic
sanitation. The annual total number of people dying because of unsafe water
amounts to 1.8 million and the number of people suffering from hunger and
malnutrition exceeds one billion. By 2025, more than half the people on
our planet will be living with water scarcity. The 2007 assessment by the
Intergovernmental Panel on Climate Change (IPCC) notes that, because of
climate change, water availability will decrease by 10-30% in arid regions,
some of which are presently water stressed. Similarly, water supplies stored in
glaciers are projected to decline, reducing water availability in regions where
more than one-sixth of the world population currently resides. In Asia, for
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example, crop yields are expected to decline by 2.5-10% by 2020 and 132
million people in the region could be at risk of extreme hunger by 2050.

If “water is life” and adequate clean water is a “fundamental human right” as
argued in international forums, why is the progress in dealing with the water
crisis ever so slow? One reason is inadequate finance. The funding in most
national and international assistance budgets is surprisingly low. There is a
disconnect between commitments and actions, between needs and what many
governments and aid agencies are actually spending.

A combination of national government budgets, international and bilateral
funding, debt relief, private sector investments and community-level resources
are required. Governments must also establish the enabling framework for
encouraging private investments and public-private partnerships for clean
water and sanitation. Another key source of funding is revenues from water
pricing.

Artificially low prices for water services (and sometimes no pricing at all) are at
the root of inefficiency, overuse, excessive pollution releases and environmental
degradation. Simply put, free water is wasted water. While water pricing has
been advocated for a long time, particularly in irrigation, it is seldom enacted
even though it is central to increased investment in the sector. Governments in
developing countries cannot meet the investment demands for water services
now, let alone in the future. And the private sector will not invest unless it can
be assured a reasonable return. Yet developing country governments continue
to resist water pricing and the phase-out of subsidies, arguing that the poor
cannot afford to pay. The fact is that middle class areas pay low prices for
networked services, while the poor pay much higher prices for poorer quality
water from street vendors.

While substantial financial resources are needed, finance alone will not solve
the global water crisis. Experience shows that technological or engineering
solutions by themselves will not be effective without the necessary policy,
institutional and legal reforms. Land tenure reforms, improved pricing
policies, transparent water rights and allocation systems, economic incentives,
improved legal and regulatory frameworks, creation of basin management
authorities, and public participation are all necessary pieces of the policy
reform. Empowering women’s groups, the poor, youth, and community-
based groups to have an adequate voice in participatory decision-making is
also essential.

Ultimately, the water crisis cannot be addressed in isolation from other crises
such asland degradation, deforestation and ecosystem loss. Taking an integrated
approach that considers the links between water, land and people, and making
the necessary reforms and investments in all these areas can go a long way
towards sustainable water management. Deforestation and degradation of
watersheds mean that less fresh water is available. Conserving fresh water
ecosystems through better management would not only help maintain the
quantity of available water, but its quality as well.

In water management, the task sometimes seems overwhelming. How to
coordinate services, industry, trade, transport, agriculture, fisheries, science,
environment, development goals, waste management and diverse populations?



How to involve various international agencies, levels of government, the
private sector and NGOs? How to forge international action when upstream
nations see little direct benefit in stopping pollution that affects downstream
users; when coastal nations see little incentive for protecting wetlands that
sustain fisheries used by other nations; when countries with trans-boundary
groundwater aquifers feel no obligation to protect recharge zones from
degradation that affects the wells o f their neighbors?

These are not insignificant questions since 43% of the world’s population lives
in international river basins, which cover almost half the planet’s land surface
and contain over 80% of the fresh water river flow. There are also countless
aquifers that cross political boundaries. Water scarcity has the potential to
increase tensions among nations that share water resources. The water crisis,
however, has many dimensions and varies across regions. Water supplies are
scarce in some regions and relatively abundant in others. And the effects of
long-term climate change are also likely to vary across regions.

WATER IN THE ARAB REGION

All these features of the global water crisis manifest themselves in the Arab
region. The state of water resources and management in most Arab countries
is precarious. Population growth and associated demand for water in the
region have reduced per capita supply to one-fourth of its 1960 levels. Without
fundamental change in policies and practices the situation will get worse with
both political and economic ramifications.

The 2010 Annual Reportof the Arab Forum for Environmentand Development
(AFED) on water in Arab countries highlights the state of water management
and use in the region and the need for more sustainable management of
this scarce and valuable resource. The report is designed to contribute to
the discourse on the sustainable management of water resources in the Arab
world. The treatment of the subject is both broad and multidisciplinary, thus
providing critical understanding without being overly technical or academic.
The goal of publishing this report is to make the case for water reforms in Arab
countries and advance policy recommendations for rational management and
use of water, and for laws and institutions.

The following is a summary of findings and suggested recommendations.

WATER SECTOR OVERVIEW

The water sector in Arab countries suffers from multiple strains. Arab countries
rank last in renewable freshwater availability per capita compared to other
regions of the world. Currently, 13 Arab countries are among the world’s 19
most water-scarce countries. Per capita water availability in 8 Arab countries is
below 200 m? per year. By 2015, it is expected that average annual freshwater
availability in Arab countries will be below 500 m? per capita, designated the
severe water scarcity mark. In 2025, only Sudan and Iraq are expected to be
above the water scarcity level. In some Arab countries, total water withdrawals
already exceed available renewable water resources. In fact, internal renewable
freshwater resources per capita in most Arab countries are already below the

XIII
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water scarcity level of 1,000 m?, compared to a world average over 6,000 m?.
More than 45 million people in the Arab world still lack access to clean water
or safe sanitation. The growth in population in the coming two decades, 90
percent of which will occur in urban areas, will increase the political pressure
to meet these demands especially for domestic and industrial use.

However, public budgets are already constrained and can hardly sustain
efficient levels of water services to current populations, which are growing at
2-3% annually. Most of this growth is adding pressure on already crowded and
inadequately serviced cities and towns. Ambitious plans for rapid economic
growth and increased pace of industrialization will further add to water
shortages.

The political economy of low water tariffs and high fuel and water subsidies
in Arab countries has contributed to overuse of scarce water resources and has
deprived providers of desperately needed revenues to maintain the financial
health and physical condition of urban and rural water supply networks. The
price charged for water is estimated to cover only about 35 percent of the
average cost of supply, and charges in many irrigation systems are much less.

Because renewable water resources cannot meet growing demand, governments
have often encouraged the over-exploitation of groundwater resources. For
example, the average annual abstraction from groundwater in all sub-basins in
Jordan is about 160% of the annual renewable average of recharge. In Yemen,
groundwater is being pumped at a rate that is four times greater than natural
recharge, forcing farmers to abandon once productive valleys. The over-
extraction of groundwater beyond safe yield levels has resulted not only in
dramatic declines in the water table, but also in the pollution of groundwater
aquifers in coastal areas by saline seawater. Some countries are expanding
investment in desalination of seawater and in wastewater treatment and reuse.
Proper treatment of wastewater and controlled reuse, however, continue to be
of high concern posing serious risks to public health and the environment.

Water pollution is also a serious challenge in the region, attributed to the use
of high levels of chemicals in agriculture as well as to increasing inflows of
domestic and industrial wastewater into water bodies. The lack of sanitation
facilities for large segments of the population contributes to water pollution by
raw sewage. The discharge of brine effluents from seawater desalination plants
causes degradation to coastal marine areas. The Gulf countries flush about 24
tons of chlorine, 65 tons of pipe-cleaning anti-scaling agents, and about 300
kg of copper into the Gulf daily.

Quick fixes and short-term solutions are not adequate to address the challenges of
the water sector in Arab countries. Policy-makers need to change course and adopt
policy reforms that address key strategic issues. They need to make a strategic shift
away from investing in the development of water supplies to efficiently managing
the available supply of water resources. Water demand management has proved
to yield significant benefits and may often be more cost-effective than traditional
supply management measures. Managing demand will provide policy-makers with
the opportunity to create mechanisms to adjust water allocation more equitably,
rationally, and sustainably. The water needs of the municipal, industrial, and
agricultural sectors are legitimate, but so are the priorities to maintain water flows
to wetlands, aquifers, river basins, and other ecosystems.



When introducing new policy frameworks, a high priority should be given
to articulating and measuring reliable performance indicators to monitor the
effects of policy reforms. Reliable accounting of the economic, social, and
environmental effects of new policies provides useful guideposts for navigating
a transition to a sustainable water future.

WATER RESOURCES AND CLIMATE CHANGE

As a result of climate change, the atmospheric processes responsible for the
aridity of the Arab region are projected to intensify. By the end of the 21st
century, Arab countries are predicted to experience an alarming 25% decrease
in precipitation and a 25% increase in evaporation rates, according to climate
change models. As a result, rain-fed agriculture will be threatened, with average
yields declining by 20% in Arab countries overall, and by 40% in Algeria
and Morocco. Water deficits, already a fact driven by natural water scarcity
and unrelenting rising demand in the region, will be exacerbated. Failing to
develop adaptation strategies now will contribute to greater suffering in the
future.

In addition to climate disruption, water resources in Arab countries are
vulnerable to other stresses such as population growth, changing land use
patterns, variable rainfall, and natural water scarcity. Vulnerabilities to these
stresses are not unlike those to climate change. Therefore, a vulnerability-based
approach would be most effective in advancing targeted intervention policies
to address existing vulnerabilities (e.g., inherent aridity) as well as future
ones (e.g., climate change). It would also permit policy-makers to formulate
strategies based on accumulated knowledge of the region’s resiliency factors
and adaptive capacity.

STATE OF FRESHWATER ECOSYSTEMS

Freshwater ecosystems supply the Arab region with water and provide critical
habitats for aquatic biodiversity. Therefore, information about the condition
of freshwater ecosystems matters. Arab countries for the most part have
been unable to provide systematic, reliable, and up-to-date information on
the state of wetlands, marshes, lakes, river basins, oases, and their biological
endowments. Arab governments are thus urged to provide support and to
commit resources to establish an evaluation, monitoring, and reporting
mechanism for conducting assessment studies about the state of freshwater
ecosystems. To ensure their effectiveness, the assessment studies have to be
scientifically credible and relevant to decision-makers’ needs.

As human interactions with freshwater ecosystems accelerate in Arab countries,
assessment studies will be needed to address how freshwater ecosystems are
changing, whether they are thriving or diminishing, what new challenges
they are facing, and whether policy-makers are addressing these ecosystem
challenges effectively. They should also highlight the threats to biodiversity
and ecosystem sustainability.

Arab governments are also urged to increase their capacity to utilize that
knowledge and muster the political will to transform this knowledge into
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action. This will enhance the ability of water resources professionals to
design, implement, and evaluate effective interventions for the sustainable
management of freshwater ecosystems.

AGRICULTURAL WATER MANAGEMENT

Agriculture accounts for over 83% of water use in the Arab region, reaching
90% in some countries, against a world average of 70%. Despite serious water
shortages, irrigation efficiencies remain at 30-40%, low water prices are still
common, groundwater reserves are fast depleting, and incentives for irrigation
improvement are lacking. The demands placed on the agricultural sector are
plenty, almost unrealistic. Arab agriculture is expected to contribute to food
security, reduce the Arab world’s food import bill, provide rural employment,
redirect some of its share of fresh water to municipal and industrial use,
acclimatize to marginal-quality water for irrigation, and adapt to climate
change. Agricultural practices are also blamed for increased soil and water
salinity, toxic pollution from use of agro-chemicals, damming of rivers, and
the loss of biodiversity associated with wetlands destruction.

These concerns, though serious and multi-dimensional, can be addressed
through a mix of institutional reforms, changes in incentive structures,
and technical innovations. A mix of economic mechanisms such as rebates,
reduced taxes, targeted subsidies, price signals, access to water rights, tradable
water permits, and other economic incentives should be considered by policy-
makers to persuade farmers to adopt irrigation-efficient technologies, change
cropping patterns, improve irrigation scheduling, reduce over-abstraction, and
in general shift agricultural activities towards higher-value crops.

Arab governments should also provide financial support to research efforts
focused on developing new local crop varieties tolerant to aridity and salinity
conditions. For countries that rely on rain-fed agriculture, a new drive to
improve and invest in rainwater harvesting systems is highly recommended.

In effect, these policy reforms would result in a new political economy of water.
This change requires Arab governments to consider the wisdom of acquiring
water ‘virtually’ through the import of, say grains, from water-rich countries,
while allocating scarce water resources to low-water consuming, high value-
adding crops that can generate foreign exchange. It is more realistic to attain
food security through trade policies.

WASTEWATER TREATMENT AND REUSE

The volume of wastewater generated by the domestic and industrial sectors
in Arab countries is approximately 10 km?/year, of which 5.7 km?® undergoes
treatment. These figures suggest that on average 43% of annually generated
wastewater is discharged in untreated form. Of the volume of wastewater
that is treated, only one third is reused. The volume of generated wastewater
in Arab countries is expected to grow quickly due to increased utilization of
water by rising populations, industrialization, and higher standards of living.
The quality of treated wastewater in Arab countries must also be questioned.
‘Wastewater treatment plants in Arab countries have highly variable efficiency.



They are allowed to handle waste loads that exceed their capacity limits,
hampering their effectiveness. The practice of combining domestic and
industrial wastewater for treatment imposes limitations on the ability of plants
to operate satisfactorily. In some Arab countries, crop irrigation by untreated
wastewater is practiced due to the unavailability of fresh water.

The untapped potential of wastewater treatment and reuse for augmenting Arab
countries’ water supplies requires appropriate policy interventions. Policy-makers
need to demonstrate a long-term political commitment to a national strategy
for the utilization of wastewater treatment and reuse and to establishing proper
institutional structures and water reuse policies. The development of appropriate
policies for promoting reuse should include economic analysis of treatment
and reuse options, dissemination of practical knowledge, development of best
practices, cost recovery mechanisms, professional training, public awareness
campaigns, and the adoption of adapted standards and guidelines that take into
consideration reuse schemes and technical and financial resources.

Because reclaimed wastewater represents a valuable resource in a water-scarce
region, it is desirable to treat all generated wastewater and to reuse all treated
watet. Beyond meeting quantitative goals, however, judicious planning
calls for wastewater to be properly treated and suitably reused according to
requirements of protecting health and the environment.

Viable options based on different treatment levels and different end-uses of
wastewater (including food and non-food crops, landscaping, or groundwater
recharge) should be assessed. Treatment options should consider the ease of
replication and up-grading as well as the availability of a local trained workforce to
operate, monitor, and maintain plant facilities. For reuse in agriculture, selection
criteria for crops, irrigation methods, and application periods should be considered.
Wastewater treatment technologies should be suitable to local conditions, acceptable
to users, and affordable to those who will pay for them. Finally, reuse must be part
of a larger water strategy that manages and regulates demand effectively.

DESALINATION

Shortages in renewable and non-renewable water sources have compelled a number
of Arab countries to rely on desalination for supplying the bulk of their municipal
and industrial water needs. Arab countries, with 5% of the world population,
have a 50% share of all cumulative desalination capacity contracted for in the
world since 1944. The high rate of annual increase in contracted capacity will be
maintained over the next decade, doubling current capacity by the year 2016. This
comes at a high cost. Annual investments to produce, manage, and operate seawater
desalination plants in the Arab world are predicted to reach $15 to $20 billion in
the next decade. At present, 25% of Saudi oil and gas production is used locally to
generate electricity and produce water. With present growth rates for demand, this
fraction will be 50% by 2030, according to Saudi officials. Despite the high cost
incurred in producing desalinated water, there is no relief from the demand side.
Water tariffs cover on average 10% of cost. Water subsidies, if they continue to be
unchallenged, could consume up to 10% of oil revenues in some GCC countries
by 2025. Water leakage rates in the distribution network are estimated to be 20-
40%. In countries of the GCC, average daily water consumption per capita has
reached 300-750 liters, the highest in the world.
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These high costs are untenable in the long term, necessitating bold reforms
to allay concerns about the sustainability of the desalination sector. Before
sinking large capital in desalination plants, managing costs by reducing
distribution water losses and promoting efficiency in water production and
use should be given a high priority by water governing institutions. This is
the least expensive option for meeting rising demand. Governments should
re-think their pricing strategies by charging tariffs that recover costs while
offering rebates to consumers as incentives for efficient water use.

Taking a longer-term perspective, governments are urged to divest from plant
ownership and operation and assume the role of a regulator. This shift would
automatically provide opportunities for the private sector to develop, with
government incentives, a more competitive locally- and regionally-based
desalination industry encompassing design, manufacturing, construction,
operation, and research and development (R&D). Given the large market
size and the strategic role of desalination in some Arab countries, the
economic benefits cannot be overestimated. To address concerns about
carbon emissions, Arab governments should link any future expansion in
desalination capacity to heavy investments in abundantly available renewable
sources of energy.

WATER LAWS AND CUSTOMARY WATER ARRANGEMENTS

With very few exceptions, Arab states do not yet have well-defined water
legislation. Different water-related legislations have been drawn up over time
to address different or specific water issues. Still, the substance and scope of
most of their respective mandates tend to be limited and fragmented. The
result has been either only minimal legislation dealing with water resources,
or overlapping laws that are outdated and do not satisfy current requirements.
Institutionally, water management is still highly centralized in many Arab
countries with responsibilities scattered among many ministries and water
authorities, leading to inefficiencies and mismanagement. Control of water
pumping is mostly absent and enforcement of water legislation is limited.

Although diverse customary arrangements have been demonstrated to
effectively complement formal legal arrangements for utilizing water resources
in some Arab countries (e.g., Oman), several Arab states continue to focus on
the use of statutory arrangements. Many Arab countries seem not to appreciate
the relevance of their societies’ rich tradition of customary arrangements
to provide guidance to today’s issues of water governance, regulation of
services, management of water resources, water allocation, conflict mediation,
infractions and sanctions, and conservation and protection of water resources
and ecosystems.

Arab governments should enact comprehensive national water legislation
that can facilitate institutional reforms and provide legal protection for
more bottom-up forms of participatory water governance. In doing so, legal
experts and water managers need to heed the living legacy of customary water
arrangements and institutions and identify possibilities for incorporating this
tradition into water legislation in harmony with statutory water laws.

Responsive water legislation in Arab states must address existing gaps in



current laws. Water laws should establish mechanisms to control and regulate
water access, promote water use efficiency through a system of economic
instruments and incentives, enable pollution control and environmental
impactassessmentenforcement, facilitate institutional arrangements, establish
protected areas vital to water resources, provide for land use planning, and
set enforceable penalties for violations that cause damage to water resources.
Finally, the realities of climate change dictate that provisions in water laws not
be set in stone. Because water availability and quality will be more subject to
climate-induced variations that cannot be predicted with confidence, water
legislation needs to cater for these uncertainties.

TRANS-BOUNDARY WATER RESOURCES

Most Arab states depend for their water supply on rivers and/or aquifers that
are shared with neighboring countries. Of all renewable water resources in
Arab countries, two thirds originate from sources outside the region. And yet
not a single formal agreement for joint management of shared water resources
exists in the region. Only seven Arab states have ratified the UN Convention
on the Non-Navigational Uses of International Watercourses, which codifies
the core principles of International Water Law and is often used to conclude
joint management and water sharing agreements.

To foster joint management of shared water basins or aquifers, Arab
countries should pursue cooperative agreements drawing on principles of
the UN Convention on the Law of Non-Navigational Uses of International
Watercourses. It is prudent to move beyond data sharing and basic
consultations and take bold steps to identify a sustainable formula for
sharing waters guided by legal principles of equitable and reasonable use
and the obligation not to cause harm, rather than relying on existing power
imbalances. Arab countries which are not parties to said UN Convention
should sign and ratify the Convention.

Managing shared water resources should not be left within the domain of only
water resources professionals, but should also be placed on the agenda of the
country’s top diplomats and foreign affairs specialists. Decision-makers at the
highest levels in Arab countries should review the constraints to concluding
effective and fair agreements on sharing and managing trans-boundary water
resources and take steps to provide the country’s water professionals the
mandate as well as the administrative and financial resources needed to draft
and execute such agreements.

WATER GOVERNANCE

The development of the water sector in Arab counties has been associated
with a weak water governance structure. Large public water sectors, subsidies,
and unhelpful political economies have conspired to limit public voice,
accountability, and participation. This is reflected in inequitable allocation,
wasteful use, increasing pollution trends, lack of transparency, and inefficient
water services. Although water user associations (WUA) have been established
in a number of countries as a form of participatory irrigation management,
adequate legal mandates to support and empower their mission are still
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lacking or slow in the making. This despite the evidence that WUAs do
contribute to a more efficient sector including improved collection of charges
for infrastructure, operation, maintenance, and use.

Most public sector organizations in Arab countries (serving both irrigation
and urban water supply needs) do not function properly and have been unable
to serve their customers efficiently. Responsibility for managing water and
water services is dispersed across multiple institutions, which rarely coordinate
among themselves. Decision-making processes take top-down direction with
absent or ineffective stakeholders™ participation. Information is hardly shared
between policy makers and authorities charged with implementation or
between governmental and non-governmental actors. Apart from efficiency
concerns, there are serious equity problems with current water practices,
with the poor, women, and children suffering the most. Moreover, the water
sector in the region has not recognized that many of the decisions governing
its performance are made outside the sector.

Good governance should be seen as a vehicle to improve water resources
management. Arab policy-makers should put in place institutional processes
to permit all communities of water users and beneficiaries to participate in
water decision-making as well as management. Public sector reforms need
to be introduced to increase decentralization and promote the transfer of
responsibility and authority to local user groups. More effective institution-
strengthening measures and legal frameworks are needed to expand public-
private partnership (PPP) capacity, while managing risks and social equity.

REMOTE SENSING: GENERATING KNOWLEDGE ABOUT
GROUNDWATER

Most Arab countries rely significantly on groundwater to meet human
consumption needs and irrigation water demand. And yet, groundwater
resources have not been fully mapped across the Arab world. Where productive
aquifers are known to exist, over-drilling and over-pumping threaten the
sustainability of the resource. Improving knowledge about groundwater
resources is a necessary pre-condition for determining safe extraction rates,
establishing equitable shares among competing users, and managing them
sustainably, as well as for locating new water accumulation below the surface.

Arab governments should undertake studies to explore new groundwater
basins and to monitor the condition of actively mined aquifers. Various
remote sensing technologies via satellite imaging and analysis can provide
investigators with valuable information about potential groundwater
formations. Arab policy-makers should increase their capacity to utilize this
knowledge to answer questions about the boundaries of each groundwater
basin, the depth of aquifers, levels of salinity, the quantity of water stored,
and sustainable pumping rates. Changes in these parameters over time and
space should be monitored and updated using database systems that can be
shared with water users.

Proper management of groundwater resources is data intensive. Acquired
knowledge via remote sensing can significantly assist water planners identify
potentially new groundwater basins as well as develop policies for their wise use
and sustainable management.



CONCLUDING REMARKS

The Arab world is already witnessing a water crisis. Comprehensive and
sustained water policy reforms are still lacking. Can the trend in deteriorating
water quantity and quality be stopped or better yet reversed? Can an impending,
or rather present water crisis be averted?

Contributors to this report have pointed to policy and institutional reforms
underway in some Arab countries. These reforms, however, are in their infancy
and it will take a number of years before their outcomes materialize. Abu Dhabi
has recently commissioned the preparation of a Water Resources Master Plan
to introduce reforms and guide a strategy for integrated management of the
Emirate’s water resources. The Dubai-based Arab Water Academy is leading
inspiring efforts to redefine the development of human capital and institutional
capacity in Arab countries. Morocco and Yemen are the first countries in the
Arab world to prepare comprehensive water laws. Water user associations
are now established in Egypt, Jordan, Libya, Morocco, Oman, Tunisia, and
Yemen. In some countries, the private sector is making strident contributions
in water services provision. Tunisia and Jordan have made remarkable progress
in wastewater treatment and reuse. Traditional water management systems,
such as the Aflaj in Oman, have been uniquely successful in instituting effective
water governance systems based on customary arrangements. Universities and
regional water research centers are becoming more committed to conducting
high quality research to develop and strengthen the region’s adaptive capacity.

Despite these positive efforts, Arab countries are slow in adopting more far-
reaching water reforms. Water tariffs remain below cost and irrigation efficiency
is stubbornly low. Underground water aquifers are being over-exploited and
freshwater ecosystems are being destroyed. Pollution of water calls for serious
remedies. Some Arab countries still boast the highest annual per capita water
consumption rates in the world. Arab governments’ growing investments in
tourism, raw materials extraction, and power, to name a few sectors, do not
bode well for the future of water in the region.

Given the severity of water strains, it is difficult to pin hopes on partial solutions.
Public-private partnerships cannot succeed if current water pricing structures
remain unaltered. Water user associations cannot succeed if legal protection is
notaccorded. Water use efficiency will not improve if across-the-board subsidies
are not removed or significantly reduced. Wastewater treatment plants cannot
be effective if industries continue to discharge their waste streams untreated.
Are these reform efforts then a case of too little, too late? It does not have to be
so if Arab leaders make a commitment to launching and sustaining a genuine
and comprehensive policy reform effort. The starting point for transformation
rests with commitment and action at the highest political level.

This report makes the case for reforms in the water sector and suggests specific
recommendations for changing water policies and practices, together with
sustained education and public awareness programs. It is no secret that change
is not easy and entails taking risks. Political pressure will ensue by those with
entrenched interests who stand to be affected by removing subsidies and
charging rational water tariffs. Water reforms require bold leadership and firm
action for the sake of a sustainable water future filled with hope for current
and future generations.
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CHAPTER 1 WATER SECTOR OVERVIEW

I. INTRODUCTION

The water sector in the Arab countries is facing
several challenges. This sector is receiving
increasing attention among policy makers
and development agencies in the region. For
example, the World Bank devoted its regional
development report of the Middle East in 2007
to the water sector (World Bank, 2007). The
Islamic Development Bank (IDB) commissioned
a special report on water in the member countries
to mark its 30th anniversary (IDB, 2005). The
United Nations Development Program (UNDDP)
Arab Human Development Report for 2009
devoted a special chapter to issues related to water
and environmental security in the region (UNDP,
2009). This chapter draws substantially on issues
and data presented in these three reports.

Available renewable water resources per capita in
the Arab world are among the lowest in the world.
Expanding economic growth and burgeoning
populations in the region will intensify the effects
of water scarcity. To meet increasing demands for
domestic, agricultural, and industrial water uses,
underground water aquifers are being pumped
at rates exceeding their replenishment limits.
This raises serious questions about the future
viability and integrity of these renewable water
systems. Compounding these issues, millions in
the Arab world still lack access to clean water and
safe sanitation. The severity of water shortages is
forcing many countries in the region to augment
conventional surfaceand sub-surface water resources
by investing in more expensive, less favorable water

systems and non-conventional water sources. These
sources include seawater desalination, wastewater
treatment for reuse, and tapping non-renewable
water supplies from deep aquifers.

Water policies and strategies promoted by
government programs as well as by international
and bilateral development agencies have
focused on the following issues: options for
comprehensive management of water as an
integrated ecological resource; policies, rules, and
regulations to address the public good dimension
of water particulatly as resources are declining
in both quantity and quality; the institutional
framework for efficient implementation and
monitoring of these policies and regulations; the
economic role of water in increasing agricultural
productivity and food security; impact on the
poor; management of water supplies, demands,
and allocation among various users within an
integrated and participatory approach; water
pricing and financing; sustainable management
of water utilities; water rights; river basin
planning; and international cooperation.

This chapter will address a selection of these issues
and their implications on the performance of the
water sector in the Arab world. Furthermore, the
chapter will discuss the multi-dimensional role of
water in economic development, protecting the
environment, driving social development, and
safeguarding health and hygiene. The chapter will
also highlight factors affecting the provision of
water services to millions of households, especially
the poor, to improve their quality of life.

FIGURE 1 ACTUAL RENEWABLE FRESHWATER RESOURCES PER CAPITA, BY REGION
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ARAB ENVIRONMENT: WATER

TABLE 1 WATER AVAILABILITY AND USAGE IN ARAB COUNTRIES

Annual Availability Annual Water Usage % Use by Sector
Country Natural  Desalinated Wastewater Per Capita  2015**  2025** Bm*  Asa % of | Domestic Industry Agriculture
Renewable End Water Reuse Bm®/ Renewable  (AFED) (AFED) Total Water
Resource Bm‘/year  year Availability m? m? Resources
Bm®/year m? (2006)*
Algeria 11.50 0.07 Neg. 350 297 261 4.59 40 25 15 60
Bahrain 0.11 0.14 Neg. 157 125 106 0.25 170 26 3 71
Djibouti 0.02 0.00 Neg. 367 306 260 0.02 113 88 0 12
Egypt 61.90 0.06 5.90 773 641 552 73.10 108 8 86
Iraq 80.00 0.03 n.a. 2652 1989 1551 42.80 48 5 92
Jordan 0.87 0.00 0.07 164 114 98 0.98 104 26 7 68
Kuwait 0.11 0.65 0.12 7 5 4 0.76 87 37 2 60
Lebanon 3.20 0.00 n.a. 1110 999 919 1.29 40 28 4 68
Libya 0.80 0.03 n.a. 99 80 67 3.89 469 4 87
Morocco 20.00 0.02 0.07 940 620 558 16.84 84 5 - 95
Oman 1.60 0.12 0.02 550 440 365 1.22 74 1 93
Qatar 0.05 0.12 n.a. 71 50 40 0.28 n.a. 23 3 74
Saudi Arabia 2.50 2.28 0.15 96 77 64 17.00 506 15 1 84
Sudan 24.00 0.00 0.00 1711 1369 1122 19.00 5 6 5 89
Syria 18.70 0.00 0.26 865 650 550 14.70 78 9 1 87
Tunisia 3.35 0.00 0.14 450 405 373 2.53 72 12 4 84
UAE 0.20 0.95 0.14 35 26 20 1.60 180 24 10 67
West Bank 0.76 0.00 0.01 215 160 120 0.44 57 51 49 58
& Gaza
Yemen 2.50 0.02 0.03 97 70 50 3.20 126 5 2 93
Source: World Bank, 2003 Neg: negligible volume of used water
(Figures collected in 2002-2003) n.a: Not available
* Total Actual Renewable Water Resources (TARWR) per capita figures from World Water Development Reports 2 (2006) and 3 (2009),
UNESCO. TARWR tables are based on AQUASTAT FAQO. Index web-update site accessed on 19 July 2010. http://www.unesco.org/
water/wwap/wwdr/indicators/pdf/Table 4.3 Updated.pdf
** 2015 and 2025 projections developed by AFED, based on actual changes between 2000-2006, and average projected rate of
population growth for each country, as per data of the UN Population Division, published in the World Population Prospects, 2008
revision http://esa.un.org/unpp/index.asp@panel=2
The figures are mainly indicative trends because of the different methods and tools used to calculate the aggregate main source of water.
The projections take the lower side of population growth in the region, and do not take into account the impact of increase in GDP and
other variables which push the demand upward, nor factors such as increasing drought and other climate change impacts which drive water
availability downward.

Il. WATER RESOURCES IN THE ARAB capita compared to other regions of the world,

WORLD ARE SCARCE AND NEW as shown in Figure 1. High rates of economic

SOURCES ARE EXPENSIVE growth, rapidly growing populations, and
climate change are expected to worsen water

All Arab countries are short of water. A World  shortages in the region.

Bank (2007) report ranks the Arab countries

last in renewable freshwater availability per Table 1 summarizes country data for water
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FIGURE 2
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availability by source and water usage by
sector (domestic, industry, agriculture). In
some countries, total water withdrawals exceed
available renewable water resources. In fact, per
capita internal renewable freshwater resources in
most Arab countries are already below the water
scarcity level, as illustrated in Figure 2.

Because most countries in the region have
limited renewable water resources and their
populations are growing fast, water conditions
will be particularly severe. Table 2 indicates

that water withdrawal in several Arab countries
has increased between the year 1985 and 2000
by about 50 percent. In the same period, the
population of these countries increased by 40
percent. This trend is likely to be observed in
most Arab countries in the years ahead. The
challenges facing these countries are likely to
intensify as economic growth continues to
increase and water demand rises in crowded
urban centers.

Public agencies are being pressured to improve

TABLE 2 INCREASE IN WATER DEMAND IN SELECTED ARAB COUNTRIES

Country Population Population 2000 Total Water Withdrawals Total Water Withdrawals
1985 (million) 1985 (10° m?) 2000 (10° m®)
(million)

Tunisia 7.10 9.56 2.48 2.70
Algeria 21.86 30.46 3.50 6.07

Libya 3.60 5.31 2.83 4.27
Morocco 22.10 27.84 11.00 12.61

Egypt 46.70 67.29 52.90 68.30

Syria 10.48 16.81 7.01 19.90
Lebanon 2.67 3.40 0.85 1.40

Total 114.51 160.67 77.57 115.88

% Change 40% increase in population 51% increase in water consumption

Source: Plan Bleu/UNEP Database, 2005
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FIGURE 3 MORE PEOPLE WILL LIVE IN URBAN AREAS
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the delivery of safe and clean water to the
burgeoning rural and urban populations. The
growth in population in the coming two decades,
90 percent of which will occur in urban areas,
will increase the political pressure to meet these
demands especially for domestic and industrial
use. As Figure 3 indicates, by 2030 more people
in the Arab world will live in cities. The total
population of the Arab world will exceed that
of Europe with only a fraction of the water
resources available to the population of Europe.

Several countries in the region have allocated
substantial resources for the development and
management of water supplies, clean sanitation,
and irrigation contributing to significant levels
of economic growth and poverty reduction.
The economic benefits of expanding irrigation
have been shared by millions of small and poor
farmers in most Arab countries.

However, more than 45 million people in the
Arab world still lack access to clean water or safe

sanitation (UNDD, 2009), as Figure 4 indicates.
Moreover, in most Arab countries, a large

O

portion of the water supply is not accounted for.
Many cities in several Arab countries are ‘leaking
buckets’. The poor bear the disproportionate
share of the impact of inefficient water and
sanitation services. Fewer poor people are
connected to piped water supply. When they
do have access, the installation has to be shared
among many more people. The poor in most
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PERCENTAGE OF POPULATION WITHOUT ACCESS TO SAFE WATER AND SANITATION SERVICES, 15 ARAB
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Arab cities pay high prices for water supply,
generally more than those paid by more affluent
households connected to the piped system
(World Bank, 2007).!

The task of achieving universal coverage of
water supply and sanitation is becoming more
challenging because several Arab countries are
experiencing tight financial control over public
budgets (World Bank, 2007). The service
institutions are extended beyond available
technical and financial resources. They can
hardly sustain efficient services to the current
populations, which are growing at 2-3%
annually. Most of this growth is adding pressure
on already crowded and inadequately serviced
cities and towns.

Several Arab countries are trying different
approaches to addressing failing water and
sanitation services to poor communities. Some
undertake to improve services overall, on the
premise that making services work for all is
necessary for making them work for the poor
(IDB, 2005). Some governments, especially in
North Africaand the GCC countries, are inviting
the private sector to assist in this effort. The
results are not always successful. Governments

worldwide deem it their responsibility to provide,
finance, regulate, and build water infrastructure.
They do it for two good reasons, namely,
market failures and equity concern (World
Bank, 1993). Several countries in the region are
advancing the decentralization of water services
to local governments, town councils, and
communities. This process is in its eatly stages,
and more is needed to strengthen ownership
and accountability of services, especially to poor
communities.

Governments tend to address this problem
through an incremental project approach
narrowly focused but simple to design and
implement. Such procedure may allow for urgent
terms of engagement for the implementing
agencies, and immediate rewards for the
benefiting communities. But the long term
reliability and sustainability may suffer if such
investment is carried out without an integrated
development strategy for the water sector.

That is why the economic and financial health of
the water sector in these countries is at risk. Much
of the investment has been financed through
public expenditure and national budgets.”> The
allocation to this sector has been stagnant or



declining (World Bank, 2004a). Allocations of
public funds vary by country. Egypt allocates
about 10% of it annual budget to the sector and
to maintaining its infrastructure, especially the
public irrigation systems (World Bank, 2007).
It allows for an additional 5% for expansion and
development.®* Kuwait spends about 15% of its
annual budget on water subsidies (World Bank,
2004b). A recent study indicates that the United
Arab Emirates spends about US$3.4 billion
annually on the water sector (to cover operations
and maintenance and investment in new water
plants) (World Bank, 2004b). Other member
countries of the GCC allocate significant
resources to the water sector as they increase
investment in desalination and non-conventional
sources of water. Yemen and Jordan spend about
9% of their annual budgets on operating and
maintaining the services in the irrigation sector
(World Bank, 2004b). Data on water supply
and sanitation are not available because budget
allocations are largely distributed among local
governorates and city councils. The figures
from other countries are not available because
little has been done to review and assess public
expenditure especially as related to delivering
services to the poor.*

The increasing financial burden can be
addressed through realistic institutional reform
that can improve the efficiency of services
and strengthen partnerships with water users.
The search for alternative sources of funding
should include contribution by water users,

ARAB ENVIRONMENT: WATER

the empowerment of the beneficiaries, and
carefully debated partnership options with the
private sector. Another dimension relates to
the growing concern for better management of
shared international water ways. The bulk of
water resources, both surface and groundwater,
are shared among different riparian countries.
Equitable sharing has become a major concern
to reduce possible conflicts over disputed water
rights, prompting calls for efficient cooperative
utilization and joint investment throughout the
river basin. The financial requirements needed
to achieve this goal are beyond the available
resources in many countries in the region (World

Bank, 1999).

Current and future water scarcity problems
in fourteen Arab countries’ are so serious that
immediate action is needed on multiple fronts:
addressing the growing water needs of burgeoning
populations, increasing investment in water
infrastructure, articulating policy options for
equitable and efficient water allocation among
various users, investing in new technologies to
improve water efficiency in agriculture, and
augmenting existing water resources from non-
conventional sources. Non-conventional sources
include the expansion of seawater desalination
as well as utilizing propetly treated wastewater
and low quality water in agriculture. Many Arab
countries are using saline water for irrigation and
investing in the recycling and reuse of drainage
water for agriculture. These non-conventional
sources are likely to play an increasingly larger

FIGURE 5 PROPORTION OF REGIONAL FRESHWATER RESOURCES STORED IN RESERVOIRS ¢
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role in balancing water demand and supply in
the years ahead.

I11. INCREASING COST OF DEVELOPING
NEW WATER RESOURCES

For all Arab countries, new water resources
are expensive to exploit. Most available water
resources have been developed (World Bank,
2007). As Figure 5 indicates, more than 80
percent of all surface water resources in the Arab
world have been stored in reservoirs (World
Bank, 2007).

Most suitable and accessible fresh water sources
have already been developed and the cost of
building new dams and storage reservoirs
continues to increase rapidly. The mounting
opposition from environmentalists and non-
government organizations has negatively
influenced the support of international
development agencies for financing new dams
or reservoirs. The rising cost of new dams
combined with increased deterioration and
sedimentation of existing reservoirs mean net
water storage is stagnant or declining in many
countries (World Bank, 2004a). Governments
do not have the resources to invest in building
new water storage facilities. Over-drafting of
groundwater resources has intensified in most
Arab countries. The declining water tables make
the extraction cost too high.

This situation confirms that there are limited
and expensive opportunities to utilize additional
water resources in the region. Instead,
governments have allowed for expanded
exploitation of groundwater resources to
meet the growing demands for water, at high
pumping and transport cost, especially in the
burgeoning urban centers and in crowded cities
in the region. Some countries are expanding
investment in desalination of seawater and in
wastewater treatment and reuse.

As a result, the pressure to reallocate water
among different users is likely to intensify in
the next decade. Since irrigated agriculture is
the main user of these scarce resources, pressure
is mounting in several countries in the region
to adjust water allocation to agriculture. The
justification is to meet the growing demands of

the increasing population, satisfy the expanding
urban centers, and supply new industries with
water (UNDP, 2009). In addition, more water
would have to be allocated to ecosystems
restoration to maintain their ability to provide
environmental services sustainably.

In both urban and rural communities, serious
political, economic, and social dimensions are
shaping the debate on water allocation. The
pressure to satisfy immediate demands may
result in hurried reallocation decisions with
little attention to the long-term implications
on society in both social and economic terms.
The debate is intense in Jordan, Yemen, and
the GCC countries regarding the justification
for allocating significant quantities of water to
the agricultural sector despite the fact that the
contribution of this sector to national economic

growth is diminishing (UNDDP, 2009).

According to a World Bank (2007) report,
urbanization and industrialization will also
increase the demand for energy and hydropower.
These developments pose great challenges for
governments in their effort to better manage
water resources without increasing carbon
emissions. The challenges for water supply and
sanitation will also need to meet the backlog of
demands while meeting the needs of growing
populations with rising incomes. There are now
increasing demands for expanding sanitation
and additional treatment of wastewater. But
the existing systems of urban water supply and
sanitation in many countries already fail to
provide adequate services, and the problems
posed by urban pollution are likely to grow
(World Bank, 2007). To adequately address these
challenges, these countries need to articulate
new water policies, invest more in managing
the water sector, and develop new approaches
and efficient institutional frameworks for better
water management and allocation.

A recent study estimated the average tariff
charged by water utilities in many cities in the
region will increase. In Amman, Jordan, for
example, the average incremental cost of water
rose from $0.41 per cubic meter during the
1980s to $1.33 per cubic meter in the 1990s, as
a result of groundwater shortages (Rosegrant et
al., 2002a). Similar trends have been reported
about the cost of new irrigation systems in



SALT TOLERANT CROPS

Shoaib Ismail

Salinity has been critical in affecting agricultural
productivity over the past decade. Salinity affects plant
growth, particularly in irrigated land where one third of the
world’s food is produced. Because it contains dissolved
salts, irrigation water accelerates and exacerbates soil
salinization significantly.

Soil salinization is likely to get worse because of the
anticipated reduction in water availability and deterioration
in water quality. UN estimates show that globally every
minute three hectares of arable land are lost due to salinity.
Salinization is caused primarily by the mis-management
of irrigation systems. Irrational water use to obtain higher
productivity has led to the accumulation of salts, rise in
groundwater, and compaction of soil. Open or flood
irrigation systems practiced generally for all crops without
proper management has resulted in land degradation.

Many crops developed early on for their higher
productivity fail to respond under changing salinity
conditions. Attempts have been made to develop new
crops that are more tolerant to salinity and/or to identify
crops that can be adapted to more severe salinity
conditions. The latter requires alterations in agronomic
practices to optimize production. Technologies to develop
new crops range from classical breeding programs to
biotechnology methods and gene transfers. However, for
many crops (glycophytes) the extent to which the limits of
salt tolerance can be extended has reached its maximum
limit. Major breakthroughs will only take place by means
of a significant change in the genetic make-up of existing
crops or through natural selection for new highly salt-
tolerant crops/plants (and halophytes). However, not
only do crops have to be improved, but the integrated
management of resources (soil and water) also has to
be adopted for a more sustainable form of agriculture.
Use of modern irrigation methods like drip and sprinkler
needs fo be compatible with the type of production
system(s) in order to ensure better water use, availability
of water in the rhizosphere, and the prevention of salt
built-up in the soil.

During the last few years many salt tolerant crops and
vegetables have been developed for cultivation in saline
(soil and water) conditions. In addition, significant work
has been done on different production systems, e.g.,
forage, fuel, horticulture, and landscaping, that are
tolerant to irrigation with moderate to highly saline water

ARAB ENVIRONMENT: WATER

(total dissolved solids of 7,000-17,000 ppm). The list
of plant species/cultivars accessions is extensive and
many are related fo specific site(s), climate, soil, and
water conditions. Many new production systems have
been introduced and adapted from the Central Asia and
Caucuses region to the Middle East and North Africa
region that have been adapted for scaling-up.

There also exists potential to develop crops adapted to
the highest salinity levels (sea water salinity) as well where
few production systems can be sustainable. Mangroves
have been known not only to protect coastal areas, but to
provide an ecosystem for marine production. High quality
oil can be extracted from Salicornia spp., which also has
a high commercial value as a vegetable. Distichlis spp.,
which has grain, forage, and landscaping value, can be
grown in seawater.

In addition to improved crop yields of these alternative
production systems, there are environmental benefits to
be gained because many of these adapted agricultural
systems can significantly improve the micro- and macro-
environment, leading to better soil and water conditions

In summary, the need for improved tolerance to salinity
will increase in coming years due to limited land and water
resources. Therefore, improved crop varieties and other
salt tolerant plants have to be introduced into production
systems, whether through natural selection or modern
technologies. The search for improved crops and adapted
production systems need to be continuous and evolving as
will be demanded by changes in soil, water, and climate
conditions.

Dr. Shoaib Ismail, International Center for Biosaline Agriculture
(ICBA).



CHAPTER 1

WATER SECTOR OVERVIEW

several Arab countries. The real cost of irrigation
have been rising over the past 3 decades,
resulting in “low rates of economic return for
new irrigation construction” (Rosegrant et
al., 2002a). The high costs have been caused
by storage construction needed to regulate
river flows, severe climate variability requiring
high irrigation duties, expensive flood control
schemes, construction in remote locations
requiring high transportation costs, and basic
infrastructure (World Bank, 2006).

Despite the rising cost of developing new
water resources, many governments still prefer
expanding water supplies, which has led to
investment in infrastructure that could have been
avoided or postponed. Water users in the Arab
world often pay little for their publicly supplied
irrigation water (World Bank, 2007). They have
few incentives to refrain from growing water-
intensive crops or to conserve water. In some arid
areas, water prices are so low that it is attractive
to grow low value crops. Similarly, many towns
and cities charge fees that provide no incentive
to conserve water. A recent review by the World
Bank (2007) of municipal water supply projects
found that the price charged for water covers
only about 35 percent of the average cost of
supply, and charges in many irrigation systems
are much less (World Bank, 2006). The benefits
of this cheap water go largely to the middle class
and the rich. The poor usually depend on water
vendors, and may pay many times more for
water than the well-off who usually enjoy piped
water. It is therefore believed that cross-subsidies
whereby higher-income customers cover part of
the cost of serving the poor can be achieved by
incorporating a ‘progressive tariff schedule’, but
in practice subsidies are often poorly targeted
(Rosegrant et al., 2002b).

IV. DEEP GROUNDWATER ABSTRACTION
HAS EXHAUSTED STRATEGIC WATER
RESERVES

With the spread of energized pumping in many
Arab countries, deep groundwater extraction has
increased exponentially to irrigate land and to
provide drinking water for the millions of rural
communities which are not connected to national
water carriers. The expansion of pumping
technology has often resulted in dramatic declines

in the water table in areas of low or zero recharge
(World Bank, 1999). Great improvements have
been made in the methods of drilling in recent
years, thanks largely to technology developed by
the petroleum industry. Powerful pumps enable
users to draw large volumes of water via deep
boreholes, thus affecting the water table beyond
the confines of their property and depleting
distant wells formerly considered to lie safely

beyond the drilled zone (World Bank, 1999).

Many countries have recognized this problem
and introduced regulations for exploiting
groundwater. But the implementation of
these regulations is lacking as groundwater,
like surface water, is a fluid that recognizes no
national boundaries. Conflict is common over
groundwater use among both private owners
and among nations sharing water aquifers.
Criteria for establishing rights and equity
in sharing groundwater resources are not
adequately well defined in many countries or
among countries (World Bank, 1999). Where
groundwater flows naturally from one state to
another, cooperation is needed in areas such as
the exchange of information and data required
to better monitor and manage both water quality
and quantity. Especially important is the sharing
of information on water recharge, and other
changes in water tables in order to coordinate
and adjust withdrawal rates among the riparian
owners or states (Grey and Sadoff, 2003).

Yemen, for example, has expanded abstraction of
groundwaterwith thewidespreadadoptionoftube
well technology to better deliver groundwater for
agriculture and household use. The groundwater
is being pumped at a rate approximately four
times more than that of natural recharge (World
Bank, 2007). As a result, some productive valleys
are experiencing drastic shortage of water and are
consequently being abandoned. Conflict over
groundwater sharing and allocation is spreading
among competing users. Overexploitation of
underground water resources is the result of a
decentralized process of drilling wells without
adherence to a national water plan. Such a plan
would have required careful monitoring, data
gathering, and regulations to control drilling
and define priorities for water use and allocation.
Yemen is now preparing, with the assistance of
several donors, a comprehensive water resources
management plan, which would provide some



guidelines to regulate the process of groundwater
use and allocation.

A large percentage of the overall water supply
in the GCC countries comes from groundwater
resources, mostly non-renewable in nature. Only
in Oman does renewable groundwater represent
a significant portion of the water supplies used
for domestic and industrial purposes. The water
is derived from deep aquifers located in Saudi
Arabia and Oman. The fossil water in these
aquifers was deposited in these formations
millions of years ago. Although the GCC
countries continue to use modeling tools
extensively, the volume of water stored in these
aquifers is largely undetermined. These reserves
contain large but unknown volumes of brackish
water, and the depth of usable water exceeds
500 meters. There are no tariffs on groundwater
abstraction in GCC countries, which has led
to the cultivation of low value crops such as
grains, and high water consuming crops such as
alfalfa and green forage for livestock and dairy
production.

The over-extraction of groundwater beyond
safe yield levels has resulted in the pollution of
existing groundwater aquifers, due to intrusion
of saline seawater and the up-coming of brackish
and saline water supplies from lower aquifers.
This is particularly serious in Libya, Jordan,
Yemen, Oman, Bahrain, the UAE, and Qatar
where deterioration of groundwater quality
has been observed and measured over the last
few years (World Bank, 2007). Recovery of
the aquifers, even with the introduction of
appropriate measures, may take generations. The
responsibility of the public water agencies is to
ensure that these resources are better protected
and sustainably managed for future generations.
But available technical skills are limited, and
the enabling policy environment is largely
restricted. The expansion in, and unrestricted
use of, non-renewable groundwater supplies
in many countries demonstrate the impact of
inadequate policies and misguided investment
in this sector. The absence of a strategic national
water framework to protect non-renewable
water supplies is driving many Arab countries to
waste precious water resources on activities, such
as cultivating low value crops, which have not
received adequate economic or environmental
assessment and evaluation.
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This situation could be addressed through
carefully developed and articulated integrated
water management approaches specifically
designed to change the way groundwater
is being abstracted and used. This requires
an appreciation that groundwater is part of
the integrated water cycle in the country
including both surface river basins and below
ground water flow networks. This recognition
is essential to harmonize water use for high
priority social and economic objectives, within
a framework that also considers the water needs
of future generations. Efficient management
of groundwater resources recognizes that some
of the tapped aquifers are connected with the
national hydrological network, and that they
may also be recharged by the irrigation networks
distributing surface water to the fields. As such,
managing groundwater becomes an integral part
of a national water plan.

In Jordan, for example, the public water agency
has recognized the important fact that aquifers
systems and sub systems are intimately connected
with portions of the overall hydrological
system in the country, and that the patterns
of groundwater use are usually interconnected
and often sequential. The government has
consequently introduced a new policy framework
to regulate and manage the groundwater
subsector. The average annual abstraction
from groundwater in all sub basins in Jordan
is about 160% of the annual renewable average
of recharge (World Bank, 2007). The recently
enacted national water policy is being supported
with tough regulations. It prevents the issuing
of new licenses for new wells or the renewal of
existing licenses, imposes full control on water
drilling throughout the country, and permits
only hospitals and educational institutions to
renew their license to abstract groundwater.
About 90 percent of all wells are equipped with
meters to enforce new volumetric water pricing
on abstracted groundwater. Also included in the
new framework is a new mechanism designed
to regularly monitor the status of groundwater
resource through observation wells, and to
identify and enforce actions required for water
resource protection and quality control (World
Bank, 2007).

The new procedures clearly define the
development priorities for each sub basin, set
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guidelines for water allocation, introduce specific
policy tools to install and measure abstraction,
and enforce targeted rules to prevent illegal
drilling. The policy also provides support for
long term research on water quality, on managing
shared water aquifers, and on communication
and education to the public.

V. DESALINATION TO PROVIDE
DRINKING WATER FOR MILLIONS
OF HOUSEHOLDS

The Arabian Peninsula and the GCC countries
in particular have historically been faced with
extreme shortages of reliable water supplies. The
Gulf region is underlain by large deep aquifers
which contain non-renewable supplies of fossil
water. This source has provided agricultural
development in some parts of the Gulf, but
has a finite life and quality limitations. Because
of these limitations, all of the GCC countries
have resorted to desalination of both seawater
and brackish water to provide high quality
and reliable water supplies to their citizens.
Seawater desalination in the Arabian Peninsula
has been employed since the 1950s. The process
initally used was based on distillation. The
scale of operations was usually small. Reverse
Osmosis (RO) came on stream in the 1970s,
but the technology became commercially well-
established in the 1980s.

Thereareunusual demandsonwater management
in the GCC countries because of the pressure to
maintain food security and having to rely on
scarce water resource to allocate to agriculture. At
the same time these countries are facing rapidly
expanding demands for high quality water to
support expanding populations and growing
industries. Governments have provided subsidies
to expand irrigated agriculture. Water resources
management in the UAE, Saudi Arabia, and
Oman is being reviewed within a well-defined
process to modernize water institutions, reform
water policies, and improve water technologies

(GCC, 2008).

GCC member countries continue to invest in
mega seawater desalination plants to provide
water supplies for millions of households. Table
3 illustrates the expansion in desalinated water
capacity in the GCC countries. Recent reports

predict that annual investments to produce,
manage, and operate seawater desalination plants
in the Arab world is likely to be between $15 to
$20 billion in the next decade (GWI, 2010). The
bulk of this water is allocated to cities and towns,
while groundwater is allocated to agriculture.

According to the Water in the GCC Statistics
Book (2008), the total use of desalinated water
in the region is estimated to reach four billion
cubic meters in 2011. At an average cost of one
US dollar per cubic meter of desalinated water,
the region spends more than US$ four billion
annually on obtaining water from these sources
(GCC, 2008). Three countries, Saudi Arabia, the
United Arab Emirates, and Kuwait, are by far the
largest users of desalinated water with 77% of
total regional capacity, with Saudi Arabia alone
accounting for 41% (World Bank, 2004c).

Untl the 1960s, desalination plants were
expensive and difficult to run. The Multi-Stage
Flash (MSF) distillation process has been the
workhorse desalination technology in all GCC
states. It is the method most widely used on alarge
scale, but there is still room for improvement by
making better use of computer modeling, making
use of low grade heat, and extending the plant’s
life (Rogers and Lyndon, 1994). Because it can
utilize low-grade heat, MSF is usually installed as
part of a dual-purpose plant, along with a power
generation function. MSF has an advantage over
reverse osmosis (RO) because it requires less
specialized technical expertise and is much more
robust. MSF is more suitable for desalinating
seawater containing large concentrations (greater
than 35,000 parts per million) of total dissolved
solids, while RO is more suitable for desalination
of brackish water containing between 5,000
and 10,000 ppm of dissolved solids. However,
more recently RO systems are increasingly being
installed and operated to desalinate seawater on
a commercial basis.

The economic analysis for desalination revolves
around production cost, price, and affordability
of drinking water. The cost can be subdivided
into capital cost and production cost. Capital
cost is related to capital investment, whereas
production cost is composed of the variable
items that make possible the running of the
desalination plant. The greatest single cost of
water desalination is energy, followed closely by



capital cost (Rogers and Lyndon, 1994). Often a
20-year lifespan is assumed for capital, but some
MSF plants have been operating satisfactorily
in Kuwait for as long as 26 years, because of
efficient operations and maintenance.

The private sector has been playing an important
role in water desalination in the GCC countries
at an annual current investment of about
$3-4 billion annually (GCC, 2008). Many
governments in GCC countries see private
sector participation as the way forward for
managing and operating desalination facilities.
The key drivers for private sector participation
are increased access to private capital, increased
managerial and technological capabilities,
increased operational efficiency, and reduced
need for subsidies. The criteria for determining
the right option for private sector participation
in the provision of desalination services are
whether capital investment is required, whether
assets are to remain publicly owned, to what
extent governments want to keep control over
operations, and which risks governments want
to transfer to the private sector. A set of rules and
regulations defining the roles and responsibilities
is needed and a transparent process for awarding
contracts to service providers needs to be
adopted. Where privatization is introduced, it
should be managed by a regulatory authority
which could be an independent body or a

government agency.

Vi. WATER QUALITY AND POLLUTION

The Arab Human Development Report states
that “water pollution is now a serious challenge
in the region” (UNDDP, 2009). The report
actributes water pollution to high chemical input
use in agriculture as well as to increasing inflows
of domestic and industrial wastewater into the
water cycle (UNDP, 2009). The lack of clean
sanitation to large segments of the population
contributes to water pollution by raw sewage.
Table 4 shows that the main agricultural countries
in the region (Egypt, Algeria, Tunisia, Morocco,
and Iraq) are also the main water polluters
as indicated by data on the daily emissions of
organic water pollutants (UNDP, 2009). Also
causing environmental pollution is the increased
utilization of seawater desalination.

ARAB ENVIRONMENT: WATER

Water pollution problems are caused by the large
volume of desalination plant effluents generated
in the Gulf countries and elsewhere. According
to a World Bank report (2007), “discharge of
hot brine, residual chlorine, trace metals, volatile
hydrocarbons, and anti foaming and anti-scaling
agents are having an impact on the near-shore
marine environment in the Gulf.” The brine
produced from seawater desalination process is
highly saline. In the UAE, the concentration of
total dissolved solids (TDS) in brine can reach
65,000 mg/l (EAD, 2009). This high salinity
brine can harm marine life and biodiversity in
coastal zones. What magnifies these negative
effects is the large number of desalination plants
located on the coastal areas of the Gulf into
which countries dispose of their brine, causing
increased seawater salinity. The Gulf countries
flush about 24 tons of chlorine, 65 tons of pipe-
cleaning anti-scaling agents, and about 300 kg
of copper into the Gulf daily (Alshaaer, 2009).
The Gulf can be considered as a closed sea where
water renewal takes years to replace polluted
seawater.

Vil. WATER AND FOOD SECURITY

The dilemma in debating policies related to
food self sufficiency involves the conflicting
requirements to better conserve  water,
especially in countries where water scarcity
is at the warning level, and at the same time,
meet the growing demands for basic food

DESALINATION CAPACITY OF

TABLE 3 GCC COUNTRIES
(MILLION M3/YEAR)

Country 1990 2000 2008
Bahrain 75 104 371
Kuwait 318 522 1,662
Oman 55 60 294
Quatar 112 178 941
Saudi Arabia 950 1,278 3,341
UAE 502 1,081 4,878
Total 2,012 3,223 11,487
Source: GCC, 2008 and World Bank, 2005
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commodities, especially grains. Food policies
require fundamental assessment because of the
increasing globalization in agricultural trade
associated with the removal of trade barriers
and improved access to competitive markets for
importing grains (Barghouti et al., 2004). The
allocation of substantial and precious amounts
of water to produce agricultural commodities
that can be imported from water rich or highly
subsidized regions should be carefully analyzed.
The concept of food security and food self-
sufficiency in the current global market needs
urgent assessment, because of the implications
on the water sector (Lipton, 2004). The trade-
offs between achieving food self-sufficiency
and sustaining water security in several Arab
countries is an important issue which requires
careful policy analysis and objective assessment
of national priorities. Some governments may
treat the importation of grains as acquiring
virtual water. Each ton of grain (wheat or barley)
would require 2000-3000 cubic meters of water-
based on the efficiency of irrigation methods

used (Barker and Molle, 2004). In his analysis
of grain production, Khan (2003) presents data
which indicate that self sufficiency in cereal
production is less than 50 percent in several
countries in West Asia and North Africa. Table
5 illustrates the significant volume of virtual
water embedded in imported cereals in the Arab
countries. The annual grain import in West Asia
and North Africa was about 59 million tons in
2000-2001.

The virtual water embedded in imported grain is
the equivalent of the annual flow of the Nile and
double of the annual flow of the Euphrates (IDB,
2005). More virtual water is imported through
other food commodities such as meat. The food
gap is likely to increase because of population
growth and increased income, which would allow
for increased and diversified consumption of
agricultural products including high quality small
grains and livestock products. Therefore, policy-
makers should assess the benefits of various policy
options regarding the advantages of importing

WATER POLLUTION LEVELS FROM ORGANIC POLLUTANTS IN 15 ARAB COUNTRIES AND 2 INDUSTRIALIZED

TABLES COUNTRIES, 1990-2003 (IN DESCENDING ORDER BASED ON 1990 POLLUTION LEVELS)
COUNTRY Emission of organic water  Emission of organic Emission of organic water pol- Emission of organic water pol-
pollutants (metric tons water pollutants (met-  lutants (kilograms per worker lutants (kilograms per worker
daily) in 1990 ric tons daily) in 2003  daily) in 1990 daily) in 2003
Egypt 211.5 186.1 0.20 0.20
Algeria 107.0 - 0.25
Tunisia 44.6 55.8 0.18 0.14
Morocco 41.7 72.1 0.14 0.16
Iraq 26.7 - 0.19
Syria 21.7 15.1 0.22 0.20
Saudi Arabia 18.5 - 0.15
Kuwait 9.1 11.9 0.16 0.17
Jordan 8.3 23.5 0.19 0.18
Yemen 6.9 15.4 0.27 0.23
UAE 5.6 - 0.14
Oman 0.4 5.8 0.11 0.17
Sudan 38.6 0.29
Lebanon 14.9 0.19
Libya - - - -
United States 2562.2 1805.2 0.15 0.13
Russian Federation  1991.3 1388.1 0.13 0.18
Source: World Bank, 2007




food grains. To enhance long-term food security,
it is key to develop proper management of grain
stocks and storage facilities, rather than invest in
developing expensive and scarce water resources
to increase food production. It is well-established
that the Arab countries are major importers of
basic food commodities and only export small
quantities of high value crops such as fruit and
vegetables. Therefore, there is a need to better
study the balance in virtual water between the
import and export of agricultural commodities
in the Arab countries in order to select efficient
production systems, which could assure reasonable
return on the investment in valuable and scarce
water resources for irrigation.

VIill. REFORM IN THE WATER SECTOR:
BEYOND MANAGING WATER
INFRASTRUCTURE AND SERVICES TO
MANAGING THE SECTOR

Several Arab countries have, over the last
few years, prepared water action plans that
highlight the importance of water in equitable
economic growth and sustained environmental
management. Water resources assessment and
the reform of water policies and institutions have
been or are underway in Yemen, Jordan, Tunisia,
Saudi Arabia, Egypt, and the United Arab
Emirates. The main elements endorsed by these
new policies include managing national water
resources as an integrated system of hydrology
and development, introducing decentralization
as the basis of managing services, and articulating
rules, regulations, and incentives to increase the
participation of stakeholders, the private sector,
and local communities in water management
(World Bank, 2007). Several countries have
encouraged local communities to assume more
responsibility, authority, and control over
improvements and operations of water services
and to develop local water resources to meet
local needs. Rural communities have also been
empowered to address evolving community
demands. This partnership would ensure
equitable management of water for irrigation
and water supply through community action in
cooperation with water users and public service
institutions.

Most countries are shifting their concern from
heavy focus on water infrastructure to better
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TABLE 5

ARAB WORLD, 2000/2001

VIRTUAL WATER IN CEREAL IMPORT IN THE

Region Cereal imported Equivalent in virtual water
(000 Metric Ton) (billion m®)

West Asia 32,368 64,736

North Africa 26,687 53,374

Source: Khan, 2003 and IDB, 2005

management of water resources. The results of
this shift are mixed, because intervention in the
walter sector is a complex process. Some countries
face difficulties in articulating clear water policies
due to the lack of clear development objectives of
the water sector. As mentioned earlier, the water
sector can serve several development goals, and
they need to be carefully articulated, prioritized,
and accompanied by realistic action plans to
achieve them. Not all of these objectives are
equal. Many countries face difficulties in setting
priorities among these objectives. Prioritization
should also be supported by reliable performance
indicators to measure the results of new policy
frameworks. Many countries have been engaged
in sector reform, but have not yet articulated
field-tested indicators needed to assess the
impact of newly recommended policies on the
performance of the water sector within national
and local settings.

Water issues usually attract the concern of political
leaders, both at the national and local levels,
especially in times of crises, which are frequent
due to repeated droughts and associated water
shortages and scarcity in the region. High level
public officials in the water sector are frequently
engaged in water crises management, thus leaving
lictle time to concentrate on long term strategic
planning in partnership with other players from
affected sectors. It would be desirable to establish
specialized multidisciplinary teams of experts to
handle problem solving and crisis management,
and devolve responsibilities to the local levels,
guided by national strategic goals. Doing so would
free public agencies to be strategically focused on
policy planning, monitoring, and implementation,
especially as related to rules and regulations
designed to improve and protect water resources.

Most investment programs and associated
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COUNTRIES, 1999-2006*

B Agricultural water withdrawal (% of total freshwater withdrawal)
B Domestic water withdrawal (% of total freshwater withdrawal)
® Industrial water withdrawal (% of total freshwater withdrawal)

*Latest values for all 22 Arab countries

Source: UNDP, 2009

reform packages provide support for institution
building and capacity enhancement. The
main challenge to overcome is to articulate
a comprehensive framework to manage the
water sector and to engage major stakeholders,
including the private sector and consumers, in
the decision-making processes needed to better
sustain service provision. Other elements of
this approach include a shift in planning from
only engineering and construction of new
facilities to a more comprehensive planning of
the economic, financial, and social needs of the
water sector. This shift should be supported by
increased reliance on decentralized services and
a management system at the local level. The
decentralization process should be supported by
a clear legal framework. Because most countries
do not have centralized national water carriers
with branches to reach scattered communities,
decentralization of water service provision will
allow for efficient responses to local needs and
for designing realistic structures suitable to
meeting local conditions.

The integrated framework should also
articulate policies to guide water and power
pricing and cost recovery. Power is increasingly
used for pumping water from deep aquifers
and for desalination. Energy price subsidies
add more distortion to the national effort to
better manage water resources. In addition,
reform in water policies cannot be carried out
in isolation from reforms in the agricultural
sector, especially in commodity pricing and
trade. Governments tend to justify subsidies
to irrigation on the grounds that farmers are
required to sell portions of their production to
government agencies at pre-determined prices.
Pricing policies in water supply and agriculture
in many Arab countries tend to favor subsidies
and to promote inefficient, inequitable, and
environmentally non-sustainable allocation
of scarce land and water resources (Barghouti,

1999).

An important area for reform in the water
sector is to improve the efficient use of water for
irrigation. As indicated in Figure 6, agriculture
continues to consume more than 80 percent of
all water resources in the region (UNDD, 2009).
This is a serious challenge because the return on
water investment in many irrigation schemes
in most Arab countries is low by international
standards (World Bank, 2006). Cropping
intensities (which are the ratio between irrigated
crop areas where double or triple cropping areas
are counted twice or three times, respectively,
and the physical areas equipped for irrigation)
in most Arab countries vary from less than 0.8
to 2.2. Figures available for some countries show
a cropping intensity of 1.66 for Egypt, 1.19
for Syria, 1.15 for Oman, and 1.07 for Jordan
(FAO AQUASTAT). In Saudi Arabia, Bahrain,
and Kuwait the cropping intensity is reported to
be less than 1.00, probably because no cropping
is possible in the hot season. Analysis of much
farm budget data for irrigated projects shows that
cropping intensity less than 1.00 is not always
economically viable (Barghouti et al., 2004).
Low cropping intensity is hardly profitable for
small farmers.”

Areas with low cropping intensity usually
suffer from low water availability, sustain only
low productive agriculture, and produce a low
economic rate of return on irrigated farming
(FAO, 2001).
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FIGURE 7 PROJECTIONS OF FRESHWATER AVAILABILITY IN ARAB COUNTRIES
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Policy guidelines and appropriate incentives
would be needed to encourage farmers in these
areas to invest in water saving technology for
irrigation, or compensate them as an incentive
for exiting irrigated farming altogether. These
changes may cause more efficient use of water in
other sectors. In most Arab countries, the issue
of rehabilitation and modernization of irrigation
systems is becoming increasingly important
because of the shortage of suitable arable land
and water scarcity (IDB, 2005). Moreover, the
increasing competition among sectors using
water is affecting the quality and quantity of
water being allocated to agriculture. Controlling
allocation to irrigation and pricing policies are
essential to reducing waste and damage to the
resource base. Egypt, Syria, Iraq, Lebanon, and
Tunisia do not face immediate water shortages.
The main challenges in these countries are to
improve the performance of existing investment
in the water sector, especially in irrigation,
achieve universal coverage in water supply and
sanitation, and address emerging issues in water
quality and risks to the environment (IDB,
2005).

Tunisia, Morocco, Algeria, Jordan, Yemen,
and to some extent Egypt, Saudi Arabia and
Syria, have been encouraging farmers to adopt
modern irrigation technology systems (IDB,

2005). Such systems can enhance agricultural
production, increase water use efficiency, and
reduce field level water losses. Traditional
irrigation technologies (furrow, border, and
flood irrigation), which involve water delivery
to plants through gravitation and have usually
resulted in substantial water losses and limited
uniformity in water distribution (Hillel, 2008),
have been replaced only in some areas by modern
irrigation technologies, particularly sprinkler and
drip irrigation to increase water use efficiency.

Egypt has demonstrated the successful use of
modern irrigation system on newly developed
land in the Western Delta and other areas
covering more than 13 percent of the irrigated
land in the country (World Bank, 2007).
Improved production and irrigation technology,
including the latest in crop breeding, plastic
culture, protected greenhouses, fustigation, and
pressurized irrigation delivery systems of low
volume but high frequency have permitted rapid
change in the newly developed areas.® But these
technologies are being adopted only slowly in
other agricultural regions, which constitute more
than 87% of the country’s total irrigated areas.
The success of modern technology in Egypt may
pave the way for wider adoption throughout the
country, thus converting Egyps irrigated land to
become among the most modern and productive
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TABLE 6 CLIMATE CHANGE FUTURE SCENARIOS: WATER AND AGRICULTURE

WATER SECTOR OVERVIEW

Scenario Type of change Effects on human security Affected area
WATER 2°C rise in Earth temperature 1 1o 1.6 billion people affected by Africa, the Middle East,
water shortages Southern Europe, parts of
South and Central America
3°C rise in Earth temperature Increased water stress for additional North Africa
155 to 600 million people
Climate Change Repeated risk of drought known in Mauritania, Sudan and
recent years, with economic and politi-  Somalia
cal effects
Climate Change Reduced average rainfall Egypt, Jordan, Lebanon and
OPT
Rising sea levels Risk of flooding and threats to coastal ~ Gulf coast of Arabian pen-
cities insula
Climate Change 50% decline in renewable water avail-  Syria
ability
1.2°C rise in earth temperature Decreased water availability by 15% Lebanon
1°C rise in earth temperature Reduced water runoff in Ouergha Morocco
watershed by 10%
Climate Change Greater water shortages Yemen
Climate Change Reduced water flow by 40-60% Nile River
3°C rise in Earth temperature Increased risks of coastal surges and Cairo
flooding
AGRICULTURE | 2-3°C temperature rise in tropical A drop by 25-35% in crop production  Africa and West Africa (Arab
regions (with weak carbon enrichmen) and by ~ countries included)
15-20% (with strong carbon enrich-
ment)
3°C rise in Earth temperature Reduced agricultural productivity and North Africa
unsustainable crops
1.5°C rise in Earth temperature 70% drop in yields of Sorghum Sudan (Northern Kordofan)
Climate Change Flooding of 4,500 km? of farmland Lower Egypt
and displacement of 6 million people
Source: UNDP, 2009

in the world. This possibility could also allow
for substantial conservation in water resources.
The challenge is likely to be in mobilizing large
financial resources needed for this desirable
development prospect, and would require
significant changes in water pricing regimes and
the construction of modern water delivery and
metering systems.

Barghouti (1999) has argued that these new
irrigation  systems “have opened greater
opportunities to cultivate soils with low water-
holding capacity (sandy and rock soils) and to
farm low quality lands and steep slopes”. This
technology has also enabled farmers in regions

facing limited water supplies to diversify their
production systems, and shift from low-value
crops with high water requirements, such as
grain crops, to high-value crops with lower water
requirements such as fruits, vegetables, and oil
seeds. It has also allowed the use of low-quality
water (e.g., high saline and treated wastewater)
in regions with high temperatures and high
evaporation rates (Barghouti, 1999).

Even with measures to contain and better
manage water demand and improve the
efficiency of existing systems, new water supplies
will be needed for agriculture and urban areas.
As mentioned earlier, the lowest cost and most



reliable sources of water have already been
developed in many countries. The new sources
of supply currently being considered have
higher financial and environmental costs than
those developed earlier. The costs of municipal
water supply and irrigation will increase even
further when adequate drainage and sanitation
facilities are included as essential parts of these
investments. For most cities in the region the
cost of a cubic meter of water provided by “the
next project” can be two to three times the cost
of current supplies, even before environmental
costs are factored in (IDB, 2005). In this
context of intensifying competition for finite
or dwindling resources, the principal challenge
for policy makers is to determine the optimal
allocation of water resources for irrigation, while
minimizing the negative environment impact of
water use.

Expansion of irrigation in the GCC countries,
which is totally dependent on modern irrigation
technology, has created attractive opportunities
to successfully cultivate food crops under
harsh conditions. This success was achieved
through generous subsidies, and at a very high
cost of water abstraction from non-renewable
groundwater aquifers (Word Bank, 2004c). The
use of water under these conditions requires
careful assessment, particularly in light of the
fact that the contribution of agriculture to gross
domestic product (GDP) in these countries is
almost insignificant, except in Saudi Arabia.
While investments in irrigation can provide
employment opportunities for the large number
of landless and poor rural labor in many Arab
countries, irrigation in the GCC and some
countries largely employs an expatriate labor
force and contributes little to improving rural
employment (World Bank, 2004c).

In their review of water in the Arabian Peninsula,
Al Alawi and Abdulrazzak (1994) argue that
the countries of the Peninsula, especially Saudi
Arabia, which are motivated by achieving food
self-sufficiency, have encouraged investment
in irrigated agriculture and that “successful
subsidy and incentive programs have resulted
in a large scale expansion of farming activities
using substantial water requirements”. The
authors reported in their essay that over a ten-
year period (1980-1990), the demand for
water jumped from 6 to 22.5 billion cubic
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meters per year. Farming activities consumed
substantial quantities of water provided mainly
from deep aquifers. The authors (1994) present
data to indicate that deep aquifer water levels
are declining, pumping costs are increasing,
and saltwater intrusion is contaminating the
aquifers and causing disturbance of the dynamic
equilibrium among aquifers. These factors have
led to the abandonment of farm land, a decline
in agricultural productivity, and an increase in
migration away from rural areas (Al Alawi and

Abdulrazzak, 1994).°

The role of agriculture in the national economy
varies from less than 3 percent in the GCC
countries to 29 percent in Yemen, but employs a
relatively large segment of the labor force (World
Bank, 2004b). As water scarcity intensifies,
irrigated agriculture and associated reliable food
production systems will be at risk, unless serious
effort and investment is made to modernize
irrigationand diversify agriculture. The prevailing
irrigated production system in the Arab world
would have to undergo a serious adjustment
process, because most of these countries would
be forced to make adjustments in the agricultural
sector to cope with globalization and trade
liberalization in agricultural commodities
(Barghouti, 1999; Molden and etal., 2007). This
adjustment process needs to be carefully planned
and implemented within a comprehensive water
policy, which also recognizes the importance
of incentives in guiding a smooth transition in
agriculture, and related adjustment in traditional
water rights and allocation.

The issues facing the reallocation of water
away from agriculture in the region are mainly
political, economic, and social. Most farmers
have acquired the rights to the water they use
to irrigate their lands over several generations.
Political leaders in some countries would like to
emphasize the need for achieving high rate of
food self-sufficiency. Achieving this goal may be

unrealistic.

Efforts are underway in several Arab countries to
treat wastewater and allocate it for irrigation in
exchange for fresh water diverted from agriculture
to meet the growing demands for urban and
rural water supply. The process is complex and
some countries have rushed into this exchange
with little attention to possible high risks related
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to environmental and health hazards associated
with the use of wastewater (Qadir, 2007).

IX. INVESTMENT IN WATER RESEARCH

The complexity of water management and
allocation requires an aggressive approach to
long term planning based on a systemic process
of scientific discovery and relevant research for
developing, delivering, and managing water
resources. There is an important role for research
in the modeling of supply and demand as well
as other societal trends such as demographic
changes. Several academic and research
institutions have developed useful models to
study water requirements under alternative
options of water planning, population growth,
changes in water use and quality, and other
economic and social trends likely to have an
impact over the long term. Field research and
modeling have also been adapted to study the
future water capabilities of river basins to meet
growing needs under alternative scenarios of
growth and development. Research models are
also needed to study on a regular basis salt balance
in water courses and drainage network, and to
assess modern technology for desalination and
disposal of salt residues in many Arab countries.
Such tools are essential to better understand the
technical, economic, and environmental issues
affecting the water sector, and to devise proper
plans to adequately manage and utilize the mix
of different water resources.

The future water needs of growing populations
in the Arab countries will not be solved through
construction of new water projects alone. The
importance of management should not be
underrated. However, management of water
resources can be sound and credible only if it has
access to updated empirical research data and
information about water issues and is willing and
able to adopt technological innovations. Arab
countries could do more to support investment
in public research on water.

The water sector is facing complex challenges
in the years ahead, and policy makers should
develop scientific frameworks to guide national
water plans to address these challenges. Only a
few countries, such as Egypt and Kuwait, have
invested in this type of research. More research

is needed considering that many small countries
cannot afford investment in research due to lack
of resources, a short supply of qualified experts,
and limited capacity to build specialized research
facilities in these fields.

The Consultative Group for International
Agricultural Research  (CGIAR)  comprises
15 international research centers, which are
supported by more than 60 countries. CGIAR
is dedicated to the search for technologies and
scientific solutions to meet the growing demands
for food and sustainable natural resources
management. However, the success of CGIAR
can only be possible if it is supported by capable
institutions at the national level that could test
and adapt new technologies to local needs.

Arab countries should invest more in their
national research systems to further develop and
strengthen their capabilities in water science and
management, and to acquire expertise to address
future vulnerabilities and challenges caused by
climate change. Several countries have increased
their investment in research to assess the impact
of climate change on water and agriculture.
Arab countries are located in one of the most
vulnerable regions where climate change is likely
to have serious implications as stated in several
UN reports. Table 6 is a summary of some of the
anticipated implications.

While the risk of climate change to their already
scarce water resources is extremely serious, Arab
countries have demonstrated lack of interest in
studying the impact of these changes on current
and future economic activities. It is unfortunate
to report that Arab countries have committed
the least amount of public funds to invest in and
support their research and technology institutions
that are needed to address the growing challenges
of climate change (UNDP, 2009).

To address these needs, it is desirable to establish
a regional water research center to serve countries
of the region. This institution could expand the
limited but important research work currently
being conducted by the International Center
for Biosaline Agriculture (ICBA). Located in
Dubai, ICBA has established a strong reputation
among international centers of excellence in the
use of saline water for agricultural production.
Additional support can target and build on the



foundation already established by ICBA. Such
an approach would allow ICBA to expand its
mandate, go beyond the concern for biosaline
agriculture to cover broader issues in water sector
management, and establish strong partnerships
with national research institutes, such the Water
Research Center in Egypt and the Kuwait
Institute for Scientific Research (KISR).

It is also important to build partnerships
with private sector research programs. These
partnerships are needed to catalyze innovations
in wastewater treatment and reuse, in improving
water quality, in groundwater management and
monitoring, and in the desalination of seawater
and brackish water. Such partnerships would also
assist guide investments in rehabilitating and
modernizing existing water facilities including
irrigation technology and water supply and
sanitation.

X. CONCLUSION

The water sector in all Arab countries will have
to contend with a complex set of challenges over
the coming decades. Shortages in clean water and
sanitation aggravated by unsustainable policies,
lack of institutional capacity, and vulnerabilities
to climate change top the list. This paper has
presented an overview of the strained condition
of the water sector in Arab countries, while
emphasizing the urgent need for introducing
reforms that ensure efficient, equitable, cost-
effective, and environmentally sustainable
management of water resources.

Water policies in Arab countries have allowed
for unrestricted use of scarce water resources.
Low water tariffs and high subsidies have
compromised the financial health and physical
condition of urban and rural water supply
networks. Combined with weak demand
management policies, the resulting budgetary
burden is making it difficult to raise financial
resources needed to meet the growing demand.
Another key motive for water reform is the
intensifying competition among domestic,
agricultural, industrial, and environmental uses.
These concerns are worthy of careful examination
by Arab decision-makers, who should articulate
appropriate policy frameworks to guide a
strident water reform process. A business-as-
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usual scenario threatens to lead to more waste in
water allocation and delay the necessary reforms
urgently needed to ensure availability of clean
water and sanitation to millions in the Arab
world who have been deprived because of poorly
targeted investments in the water sector.

Arab countries should support the formulation
and implementation of policies enforcing water
demand management. While the importance
of the supply side cannot be overstated, the
effectiveness of demand management is now
universally accepted, particularly where water
is scarce and unnecessarily wasted. Ensuring
the efficient use of available supply may yield
significantbenefits and may often prove to be more
cost-effective than traditional supply management
measures. Efficient demand management is
often less capital-intensive and, therefore, more
cost effective, but it is also better adapted for
addressing ‘emergency’ situations. Better demand
management reduces waste and unaccounted for
water, improves leakage control, and enhances
the quality and reliability of water services. Key
measures for promoting demand management
include regulations and more efficient technology
for water delivery and agricultural production
systems. Additional investment may be needed
to ensure that benefits can be obtained from
increasing water use efficiency. Such investment
is needed to modernize existing irrigation
production and delivery systems. The effects of
raising public awareness and inducing behavioral
changes through financial incentives along with
the use of metering and volumetric water pricing
cannot be underestimated.

One of the most critical demand management
issues is water re-allocation. This requires
that effective policy guidelines be developed
to improve the performance of the farming
sector, by far the largest consumer of water.
Arab governments should increase investments
to upgrade traditional irrigation systems
through the adoption of modern water delivery
technology. Such a technology will improve
productivity of water (drop per drop or cash
return per unit of water delivered), and could
increase diversification and commercialization
of agriculture. This shift should be gradual,
should involve the beneficiaries, and should be
selective in converting traditional systems into
high performing delivery networks.
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A more aggressive water allocation policy, based
on the concept of integrated water resources
management (IWRM), could be coordinated
with land use policies to regulate unwanted
growth in already crowded urban centers.
Incentives in water allocation can be used to
encourage local industries and housing projects
to target poor regions, where they can create
jobs and economic opportunities. This is much
preferable to investing in large water conveyance
projects designed to transport water over long
distances to growing cities.

The stressed condition of the water sector in
many Arab countries requires a new breed of
managers, better able to address a different
host of challenges from season to season, such
as better management of drought and scarce
seasonal supplies. A new class of water managers
should also be able to address flooding threats,
natural disasters, deterioration in water quality,
as well as questions pertaining to shared water
resources. National strategic goals for the
water sector should be articulated including
making shifts in water allocation among sectors,
introducing new pricing policies, drafting new
rules and regulations to address groundwater
abstraction, and designing plans to clean public
water ways from industrial waste and pollution.
Therefore, visionary management is crucial for
articulating these policy and investment plans
for sustaining the resource base as well as for
managing the long-term implementation of
these plans adaptively. These functions are
complex and interrelated and require regular
upgrading of staff skills and the recruitment
of new types of expertise. The organizational
structure of many public water agencies has
traditionally been heavily dominated by experts
in water infrastructure, who believe that most
water problems can be solved by building
yet more infrastructure water projects. It is
difficult to expect that public water agencies
that adhere to traditional approaches in staffing
and water management to be able to lead this
sector as it faces mounting challenges that are
multi-dimensional and multi-disciplinary in
nature. Therefore, public water agencies in
Arab countries should attract a balanced mix
of experts who can design, implement, and
monitor strategic water plans.

Water governance in Arab countries should be

strengthened by building partnerships with
beneficiaries and the private sector. Governments
should encourage joint investment by the private
sector and the community of beneficiaries in
modern, timely-controlled, and well-monitored
and metered water delivery services. Increased
decentralization and empowering water user
associations should be promoted in order to
devolve responsibilities to manage and operate
local services to user communities. In addition,
Arab countries should recognize the important
goal of reaching the poor and expanding water
services to all communities, particularly in rural
areas. Priority should be given to expanding
water services to vulnerable communities and
encouraging local initiatives in building and
managing such services.

In the face of such extensive challenges, drastic
changes in institutional structures and outcomes
subjected to well-defined monitoring indicators
are needed. These indicators can be measured
at the policy and institutional level. Legal
indicators include actions, rules, and regulations
approved and enacted as well as measures taken
to enhance the capacity of institutions. Other
indicators relate to the social impact on affected
people including improved delivery of drinking
water and associated improvements in quality
of life, health, and hygiene. These indicators
measure the extent to which water services have
been extended to all segments of the population,
especially the poor. Other social indicators could
be used to measure the extent of ownership and
participation among water users. For large water
infrastructure projects, it is suggested to include
indicators related to the impact on those directly
affected by the construction of new facilities
such as dams and canals, and the adequacy of
compensation for resettlements and relocation
of affected communities.

The performance of the water sector could
also be measured by employing economic and
financial indicators to assess revenue received
from costumers for water use, cost recovery,
agricultural water productivity, and private
sector investments. Other indicators may also be
designed to assess the impact of new policies on
environmental protection, pollution reduction,
and natural habitat and biodiversity restoration
in areas affected by the construction of water
projects.
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NOTES

1. The 2004 World Development Report
“Making Services Work for the Poor”
provides detailed analysis as to the
reasons behind inadequate services to
the poor. It argues that the providers of
services are generally more accountable
to the policy makers than the clients.
Poor clients have no political voice and
often have no choice among service
providers.

2. Data on public expenditure was not
available in a time series for this study.
Assessment of expenditure on the water
sector is difficult to collect because of
the fragmentation of expenditure among
various agencies. Also expenditure by
farmers and communities is not always
updated.

3. Arough methodology has been informally
developed by experts in irrigation, and is
based on reviewing the cost of O&M of
irrigation systems in several developing
countries assuming that the cost
rehabilitation of irrigation infrastructure
is about $150-180 per hectare, and the
0O8&M is $50-60 per hectare. With three
million hectares under irrigation, Egypt
allocates about $1 billion annually for
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O&M and for major rehabilitation works.
Data on expenditure on water supply
and sanitation is not included in this
calculation.

4. The World Development Report for 2004
“Making Services Work for the Poor”
devotes a special chapter to drinking
water and sanitation.

5. The six GCC countries (United Arab
Emirates, Oman, Saudi Arabia, Kuwait,
Bahrain, Qatar), Jordan, Libya, Yemen,
Algeria, Morocco, Mauritania, Somalia,
and the West Bank and Gaza.

6. World Bank regional classification: EAP
— East Asia & Pacific (China, Indonesia,
Lao PDR, Philippines, Thailand,
Vietnam), ECA — Europe & Central Asia
(Bosnia and Herzegovina, Kazakhstan,
Kyrgyz Republic, Russian Federation,
Tajikistan, Turkey, Turkmenistan,
Uzbekistan), LAC - Latin America &
Caribbean (Bolivia, Brazil, Guatemala,
Mexico), MNA — Middle East & North
Africa (Arab Republic of Egypt, Islamic
Republic of Iran, Morocco, Republic of
Yemen), SAS - South Asia (Afghanistan,
Bangladesh, Bhutan, India, Maldives,
Nepal, Pakistan, Sri Lanka), and SSA -
Sub-Saharan Africa.

7. Data on cropping intensity are available
in the FAO statistics database, (www.
fao.org/ag/aquastat). Unfortunately the
data are not updated regularly. Cropping
intensity in many countries has declined
because of water shortages in many
irrigation schemes.

8. Different irrigation methods and water
delivery systems prevail in the Arab
courtiers. The advent of small scale
irrigation, especially tube wells and
small water pumps, has facilitated the
adoption of water saving methods and
improved control on water delivery in
several countries.

9. The authors provide detailed discussion
on the status of water in the Peninsula,
and the emerging challenge between
current water supplies and the growing
demand for water in the countries of the
region.
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CHAPTER 2

WATER RESOURCES AND CLIMATE CHANGE

I. INTRODUCTION

The Arab region stretches across a latitudinal
landmass belt known for its acute water scarcity and
aridity, which presents Arab countries with a serious
water balance predicament that threatens its socio-
economic development. These arid conditions are
the result of complex global atmospheric circulations
that predominantly divert moisture to bordering
latitudinal regions. Projected climatic changes are
expected to intensify these processes leading to
even drier and warmer conditions (Assaf, 2008).
The climatic wind system that brings precipitation
to North Africa and the Eastern Mediterranean is
expected to drift northward removing a large portion
of already meager precipitation levels. This grim
perspective makes it necessary that Arab countries
take active and long-term measures to bridge the
widening gap between rising water demands and
exhausted and deteriorating water resources.

This paper addresses how climate change may
affect water resources in the Arab region and
proposes a range of adaptation strategies and
measures for consideration by policy-makers. The
paper describes a vulnerability-based approach in
order to comprehend the role of climate change,
among other main stresses such as population
growth and land use change, in shaping the
status and management of water resources in the
region. Specific determinants of vulnerability
are emphasized to help decision makers design
effective holistic policies that not only address
climate change but also consider other pertinent
strains on water resources.

Il. PROJECTED CLIMATIC CHANGES IN
THE ARAB REGION

The International Panel on Climate Change
(IPCC) Report (IPCC, 2007) and its special paper
on the impact of climate change on water (Bates
et al., 2008) give a general overview of projected
climatic changes across the globe. These changes
are usually presented in the context of the IPCC
Special Report on Emissions Scenarios (SRES)
greenhouse gas (GHG) emissions storylines that
represent a wide range of global economic and
social developments.

Figure 1 presents projected changes in yearly
averages of hydro-meteorological  variables

(precipitation, runoff, soil moisture, and
evaporation) in the last 30 years of the current
21st century vs. those in the last 30 years of the
20th century based on the SRES AlB GHG
emissions storyline which represents midpoint
conditions. The projections are calculated as
the average of output from 15 leading General
Circulation Models (GCMs). Stapled areas are
those where 80% of the GCMs agree on the
direction of change.

As Figure 1 shows, the majority of GCMs project
a grim outlook for the northern part of the Arab
region in terms of major reduction in precipitation,
increase in evaporation, and subsequent reduction
in both runoff and soil moisture. Precipitation
is projected to decrease by over 25% which in
combination with a 25% increase in evaporation
would translate to a drastic 50% drop in runoff by
the end of the century. The net effect will be a major
reduction in available water resources exacerbating
current water scarcity conditions. Some of the
reduction in water resources will originate from
outside the Arab region in neighboring countries,
Turkey and Iran principally, as both countries are
expected to suffer similar consequences. However,
adaption measures by these two countries could
spill an even greater risk to water resources in the
Arab region. Turkey has already developed several
complex water storage and transfer projects,
enabling the country to transfer vast amounts
of water out of the Euphrates and Tigris basins
to drier parts of the country. Iran has already
constructed a dam on the Khabour River cutting
off vital supplies to the wetlands and marshes
of Southern Iraq. Both countries are expected
to divert even greater amounts of water during
extended drought periods, further accentuating
the water scarcity problems as well as the risk of
more severe drought conditions in Syria and Iraq.

North African nations will be particularly hit hard
by a projected shift in the Westerlies exposing
Morocco, Algeria, Libya, and Tunis to the risk of
extended droughts and crop failures. The situation
will be similar in the Eastern Mediterranean
with Lebanon, Jordan, and Palestine reeling
from much lower rainfall quantities. The GCC
countries will undergo less precipitation levels,
however this is not expected to significantly
change or have a measurable impact on the
water balance since water is mostly obtained by
desalination. In contrast, the climatic projections
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YEARLY HYDRO-METEOROLOGICAL CHANGES (2080-2099) VS. (1980-1999)

FIGURE 1
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for the Nile’s headwaters in Eastern Africa and to
a lesser degree the southern part of the Arabian
Peninsula indicate a net increase in precipitation
and runoff. Consequently water balance in
Egypt and Sudan are generally expected to gain
from projected increase in the Nile’s runoff. This
will be tempered by the projected reduction in
precipitation in Egypt and northern Sudan as
well as by the overall increase in evaporation as a
result of warming.

Ill. VULNERABILITY-BASED APPROACH
FOR ADAPTATION TO CLIMATE
CHANGE

Traditionally, most climate change adaptation
studies focus on analyzing the impact of potential
climatic changes on a particular sector or sectors

to support development of adaptation policies
and measures. Although this is a necessary step to
obtain a better understanding of the physical basis
of the problem, it is often criticized for relying
on evolving climate models that are still in their
infancy and compounded with high uncertainties
(Adger and Kelly, 1999). These reservations may
weaken the argument and the political will to
support mitigation and adaptation efforts, as
stakeholders may not be convinced in supporting
funding efforts to alleviate “potential” rather than
certain problems.

Alternatively, Adger and Kelly (1999) call for
focusing efforts on identifying vulnerabilities
and adaptive capacities of human, physical, and
ecological systems. Vulnerability can be readily
determined based on existing conditions without
necessarily projecting future climatic changes.
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Such an approach would yield valuable insights,
lending support to adaption measures that not
only address current conditions and stresses, but
also take into account future climatic impacts.
For example, the Arab region is faced with a very
serious water scarcity that undermines its socio-
economic development and may threaten the
survival of some of its communities. Addressing
the determinants of vulnerability to water
scarcity will induce the formulation of policies
and measures to manage such susceptibilities
under current conditions as well as attend to any
anticipated exacerbation by climate change.

Vulnerability assumes several meanings and
interpretations in the literature particularly those
related to food security, natural hazards, famines,
and more recently climate change. Even the IPCC
Third Assessment Report (TAR) contains different
and contradictory definitions of vulnerability
(Adger et al., 2004). Part of this confusion relates
to the two distinct but interrelated vulnerability
concepts:  bio-physical and  social/inherent
vulnerabilities (Adger et al., 2004). The latter is
a characteristic of a system, whether it is human
or ecological/political/natural, that determines
its ability to withstand, cope, and recover from a
hazard. The former is a function of the latter and
the hazard the system is being exposed to. It is
similar to the concept of risk used in the disaster
literature, where risk is a function of the impact
of hazard on the system and the probability of its
occurrence (Adger et al., 2004). In this report, we
address the “social/inherent” vulnerability.

IV. IDENTIFICATION OF WATER RELATED
VULNERABILITIES TO CLIMATE
CHANGE IN THE ARAB REGION

Vulnerability to climate change is multifaceted
and multi-sectoral and relates to a diverse group
of players at a wide range of temporal and spatial
scales. In semi-arid regions water is the single
most important and limiting factor of socio-
economic development. As indicated ecarlier, the
Arab countries are situated in climate change
hotspots where major reductions in precipitation
accompanied with increases in evapotranspiration
are projected to result in an even more precarious
water balance. The Arab region’s historic and
extensive experience in dealing with water scarcity
at different scales provides an opportunity to gain

insight on how different stressors interact and
affect this region, to identify resiliency factors,
and learn from the success (or failure) of past
adaptation measures. The knowledge gained
can help pinpoint strengths and weaknesses

in addressing water problems particularly
scarcity. This learning can then help articulate
a vulnerability-based framework to identify
vulnerability determinants, setting up the stage
for upgrading existing policies and strategies or
developing new ones. This is a holistic approach
for reducing vulnerability to climate change as
well as other stressors, and improving adaptive
capacity.

The vulnerability-based approach is not meant to
be a comprehensive and prescriptive framework,
rather it provides general guidelines to identify
areas of concern in a water sector vulnerable
to several strains, such as population growth
and land use changes, which are expected to be
exacerbated by climatic changes and variability.
For example, current shortages in the Amman
municipal water supply network  driven
mainly by natural water scarcity, urbanization,
and rapid population growth makes the city
population highly vulnerable to further declines
in precipitation levels as projected by climate
models. A more refined and detailed analysis
of this vulnerability can reveal more pertinent
problems, such as specific deficiencies in the
water network, ineffective pricing policies, and/or
inadequate customer service. Knowledge gleaned
from this vulnerability analysis can then be used
to develop specific or integrated solutions.

In assessing vulnerability to climate change, two
broad categories of vulnerability determinants
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TABLE 1 WATER SECTOR VULNERABILITIES, CONSEQUENCES, AND ADAPTATION OPTIONS IN THE ARAB REGION

municipal water
service as a result
of natural water
scarcity, leakages,
poor customer
service, and
inappropriate water
pricing.

and interruptions
leading to public
health problems and
lower standard of
living. In some cases
residents may resort
to supplement their
water supplies with
poor quality water.

and implement solutions
including enhancing
accountability, setting a
proper price structure,
rehabilitating network

to reduce leakage, and
improve customer service
and awareness.

Vulnerability Potential Adaptation options Examples
Determinants Consequences
Inadequate Water shortages Analyze causes to identify  Beirut suffers from intermittent water municipal

services. The problem is related to excessive
leakage in the network, inadequate water
supplies to meet demand, lack of proper
water metering, and poor customer services. A
World Bank report has advised the government
to rehabilitate water services with particular
emphasis on setting up an effective pricing
scheduling based on adequate metering of

services (World Bank, 2009).

Deficiencies in
wastewater and
rainfall drainage
systems as a result
of underdesign and
poor maintenance
and/or customer
service.

Increase the risk

of flooding and
overflowing of
sewage during
intense rainfall
events. Generally
these conditions
have detrimental
impact on public
health and may lead
to extensive loss of
life in extreme cases.

Examine
hydrometeorological
records to redesign
and enhance existing
infrastructure. Examine
urban planning policies
to limit development in
high risk areas.

The recent flooding event in Jeddah — see case
study - throws into the spotlight the negligence
and possible corruption in the development of
the city’s flood drainage and sewage treatment
and disposal infrastructure. As indicated in the
case study box, the impact of flooding would
have been negligible had the drainage network
been properly designed and constructed and
the development of the flooded area properly
regulated. Also, the consequences would have
been much greater had the dam retaining
ewage upstream failed during the event.

Lack of agreements
on international
watercourses and

This presents a great
risk of conflict and
is currently leading

Work towards
establishing agreements
between countries. While

The conflict over the Jordan River basin is
difficult to resolve due to the hegemonic position
of Israel. The weak political position of the

populations in poor
semi-arid countries,
who

are highly
dependent on
agriculture and
pasturing.

highly vulnerable to
climatic variability
as extended drought
may lead to crop
failure and livestock
losses.

support of rural
populations through
agricultural advisory
services.

Diversification of
economy and human
resources development.

aquifers. to overexploitation this option is generally Palestinians places them at a disadvantage in
of groundwater elusive in many cases, securing their rightful share of water resources
resources. judging by the scarcity (Zeitoun and Allan, 2008).
of such agreements, In comparison, despite the existence of a single
countries should establish  agreement between Egypt and Sudan on sharing
working relationships the water resources of the Nile, the Nile Basin
to achieve sustainable Initiative has been successful in maintaining a
development of the peaceful, yet uneasy relationship among the
resources. riparian countries.
Internal conflict in Darfour is largely driven by
competition over scarce water resources and
vegetated areas (UNDP, 2009). The situation is
exacerbated by extended droughts.
Large rural Such populations are  Crop planning and Large segments of populations in highly agrarian

countries such as Yemen and Sudan are
particularly exposed to climatic variability and
droughts. This has led not only to malnutrition
and famine, but also to internal conflicts that
have escalated in Sudan to the level of a
protracted civil war.
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DAMS TO PRESERVE WATER IN LEBANON

Fadi G. Comair

The typically Mediterranean climate in Lebanon is
characterized by strong precipitations during winter
followed by a dry period with high humidity for the
remaining seven months of the year. However, the
influence of the sea, the particularities of the topography
and the presence of the Syrian Desert in the North create
a variation of microclimate inside the country with sharp
variations in the distribution of both temperature and
precipitation.

The annual precipitation average is estimated at 800
mm, varying between 600 and 900 mm along the coast
and 1400 mm over the mountains. It decreases to 400
mm in eastern regions and less than 200 mm in the
northeastern regions of the country.

At altitudes of over 2000 m, the essential precipitations
are snow and can help in generating good output for
2000 water sources during the dry periods. Precipitations
are produced in 80 to 90 days of the year, mainly
between October and April. Approximately 75% of
the total volume of the surface flow occurs during five
months between January and May, 16% in June and
July and only 9% for the remaining five months from
August till December. In 2000, water resources used
in Lebanon were about 1.5 billion m3 per year, with an
increasing annual demand that will lead to enormous
water deficit as early as 2015.

The annual total volume of ground water in Lebanon
is estimated at 567 million m3, whereas the flow in dry
period (July-October) in various basins is estimated
at around 141 million m3. While the country enjoys
a favorable situation in cumulative flows, availability is
limited during five dry months, coupled with complicated
karstic geological conditions. Total annual water
demand exceeds 2 billion m3 in 2010, reaching 3.4
billion m3 in 2040.

A decennial strategic plan prepared by the General
Directorate of Hydraulic and Electric Resource (GDHER)
in Lebanon has been designed to ensure that enough
water will be available to meet the necessary demand in
all sectors. It constitutes an Integrated Water Resource
Plan (IWRP) for Lebanon and covers major technical
hydraulic infrastructure projects which are essential
for the economic development of the country. The
decennial strategic plan is based on developing:

* Additional water resources (dams, lakes, recharge
of aquifers, sea fresh water springs, desalinations,
etfc.)

* Drinking water projects (distribution network and
efficiency, public-private partnership involvement,
etfc.)

* Appropriate irrigation projects
security, network efficiency, etc.)

* Wastewater collecting and treatment plants (water
reuse for irrigation, municipal use and artificial
recharge of aquifers, etc)

* Infrastructure for flood mitigation, rectification and
alignment of river beds.

(ensuring food

The increase in water demand-led to increased deficit
in urban areas located mainly along the Lebanese
coast and in Mount Lebanon, as well as in the rural
regions in the south, the Bekaa Valley and the north of
the country. The utilization of available and renewable
water from springs is not enough to meet the needs
during the drought season. Moreover, the intensive use
of ground water by the public and private sectors caused
many problems, mainly decrease in the flow, reduction
of ground water in the aquifers in the Bekaa plain and
intrusion of seawater into the coastal aquifers.

Although the strategic plan takes into account the
increase of the efficiency of water supply and irrigation
networks from 60% to 85% in a period of 10 years,
the water balance will still experience a huge water
shortage (>600 Mcm in 2020). This explains the
inevitability to build dams and mountain lakes to store
the surface water generated from the precipitation of
the winter season that will then be used during the dry
season. The execution of these reservoirs for storing
surface water should be preceded by: preparation
of detailed geological and hydro-geological maps,
controlling of the ground water level, and protecting
the aquifers and the water sources.

The Chabrouh dam was the first project of the
decennial strategy to be executed. The construction
of this hydraulic infrastructure started in August 2002
and was completed in October 2007. This was the
only one implemented among 17 major dam projects
included in the 10-year strategic plan. In 2005 the
construction of the Assi River (Orontes) derivation dam
in the district of Hermel commenced, but the work was
halted in July 2006 due to an Israeli airstrike on the



—

construction site. Once the planned dams have been
built, Lebanon could have the capacity to store an
additional 850 million m3 of fresh water, helping to
alleviate water shortages until 2040.

The study of the water resources in Lebanon shows
clearly that the country is blessed with an annual
precipitation volume of about 8 billion m3/ year, but
several disadvantages render the utilization of this water
quantity a very complicated task to be accomplished.
Those include:

- 90% of the rainfall quantity occurs within a period
of three months.

- Evapotranspiration rate is estimated at 50% and this
volume is likely to increase with the climate change
phenomenon.

- Geological karstic nature of the Lebanese soil
induces a high infiliration ratio.

- Relying on groundwater utilization as a major
source of water supply for the Lebanese population
constitutes a bad design for the water planning and
management in Lebanon. This concept leads to
an over- pumping of the aquifers, which generates
various environmental problems.

ARAB ENVIRONMENT: WATER

- Absence of wastewater freatment plants makes the
utilization of non-conventional resources difficult
for agriculture and municipal sectors. Also this
resource could be used for the artificial recharge of
aquifers in addition to the high pressure induced on
the ecosystems of the watercourses.

- Absence of surface water storage since the 1960
led to a continuous discharge of fresh water in the
Mediterranean, amounting to about 1.2 billion m3/
year. This irresponsible behavior from the water
administration and the political decision makers
constitute a waste of financial input to the national
budget estimated at 100 billion US dollars.

- Until 2002, only the Qaraoun dam has been built,
and the construction of Chabrouh dam which was
completed in October 2007 was the only project
executed of the 10-year strategic master plan.

- The drinking and irrigation water networks
efficiencies should be improved in order to meet
IWRM requirements with respect to water losses
and for a better service coverage.

- Other non-conventional resources for the future
utilization such as: sea fresh water spring,
desalination and reuse of wastewater require a
new complementary formulation within the 10 year
master plan bearing in mind that the resources
utilizations by gravity should be used at first
priority.

The effects of climate change on Lebanon tend to
make the Lebanese territory progressively drier. The
first obvious measure to be taken by the Lebanese
government is fo reduce the amounts of water
discharging into the sea. Unfortunately, the execution
of this solution has proved to be difficult, mainly due to
two major factors: the first is that while project priorities
were set according to actual and future water demand
management at the national level, politicians have
been trying to tailor them to suit short-term interests; the
second is that financing has been constantly blocked
by political interests.

Dr. Fadi Comair is President of the Mediterranean Network of
Basin Organizations (MENBO) and Director General of Hydraulic
and Electric Resources, Ministry of Energy and Water, Lebanon.
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are identified: generic and hazard-specific. The
former refers to determinants related to general
issues such as poverty, governance, infrastructure,
education, and social status which can be used
to develop country-wide indicators to categorize
highly vulnerable countries. Hazard-specific
determinants may include prices of stables,
number of storm shelters in a community, and
building standards (Brooks et al., 2005). Water
related determinants may include services
provision coverage, redundancy and condition of
water supply infrastructure and networks, access
to alternative water supplies such as desalination
or water transfer from other regions or countries,
strategic storage of food stables, and stable access
to friendly food markets that help the country
wither through periods of crop failures.

In surveying general water resources and service
conditions in the Arab world, several water related
vulnerabilities have been indentified that need
to be addressed to increase adaptive capacity in
the Arab region in the face of impending climate
change. The determinants of these vulnerabilities
along with their potential consequences, adaption
options, and examples from the Arab region are
presented in

Table 1. As the table indicates, water related
vulnerabilities are tied to all aspects of socio-
economic development and environmental well-
being. Natural water scarcity is a common driver
of vulnerability as it restrains urban and industrial
development and poses risk to agriculture and
food production. Inadequate water services
provision is another important determinant

driven by several factors including water scarcity,
lack of capital, weak accountability, and lack
of pricing incentives. Absence of international
agreements or cooperation over transboundary
water resources poses special risk to regional
stability, which could induce armed conflict
under extended drought conditions. All these
factors can interact in a vicious cycle that could
exacerbate adverse conditions leading to political
instability, mass migration, malnutrition, and/or
community disintegration.

V. FOOD SECURITY
AND VIRTUAL WATER

Over the past several decades many Arab countries
have placed great emphasis on achieving food
security through local production even at the cost
of depleting nonrenewable fossil water. Faced
with the reality of physical water scarcity, sharp
increases in pumping costs driven by high energy
prices, and declining water levels in strategic
aquifers, many Arab countries have started to
reorient their food policies by relying on imports
and restricting irrigation to high value crops.
These strategic changes have created a positive
virtual water balance as water became imbedded
in imported agricultural produce (Allan, 1997),
which would have consumed an equal if not
a much larger amount of local water resources,
due to the arid conditions. The concept of virtual
water trade has been advocated as a method for
mediating the asymmetric global distribution of
water resources and supporting efforts to manage
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DROUGHT IN SYRIA: ONE MILLION PEOPLE AFFECTED

Drought in eastern and northeastern Syria has driven
some 300,000 families to urban settlements such as
Aleppo, Damascus and Deir ez Zour in search of work,
in one of the “largest internal displacements in the
Middle East in recent years,” according to a 2009 report
by the United Nations Office for the Coordination of
Humanitarian Affairs. The lack of water has caused more
than 800,000 people in eastern Syria to lose “almost all
of their livelihoods and face extreme hardship,” stated
the report. About 80 percent of the hardest hit “live on a
diet consisting of bread and sugared tea.”

Syria’s water shortages have been worsening year by
year. In 2006, northeastern regions such as Hasakeh
and Qamishli were the first to feel the effects of a lack of
rain. Shortly after, farmers and crop-growers in southern
and eastern areas started to suffer from a major drop in
rainfall.

The United Nations described the situation as “the most
severe drought in Sryria over 40 years,” and appealed
for assistance to help those affected. A report estimated
that 59,000 small Syrian farmers lost almost all of
their cattle, while 47,000 farmers lost between 50-60
percent.

“Our wells are dry and the rains don’t come,” said
Ahmed Abu Hamed Mohieddin, a wheat farmer from
the town of Qamishlimm, in an interview. “We cannot
depend on God's will for our crops. We come to the city,
where the money is.” He and three sons work as porters
in the capital’s vegetable markets.

Mohieddin said that he left Qamishli when his well ran
dry and he could not afford a new pump. He sold a
flock of sheep because grazing land had withered and
he didn't have commercial feed. He came to Damascus
in May 2009 and lives among the dusty lanes separating

do-it-yourself tents of plastic and cotton sheets. “I'm
thinking maybe we can build a litlle house here,”
Mohieddin said. “We can’t go back to Qamishli. We
prayed for rain too long.”

“For the first time in two decades, Syria has moved from
being a net exporter of wheat to a net importer,” stated
a February 2010 report by the U.S. State Department,
adding that agriculture accounted for about 17 percent
of 2008 GDP.

“lt's an emergency,” Syrian economist Nabil Sukkar
warned. “If we have two more years of drought, then we
do have a crisis...Unfortunately, we haven’t infroduced
modern technology, and so we are totally dependent on
rainfall”.

But rainfall, or lack of it, is not the only culprit, he says.
Syria and Iraq blame Turkey’s huge network of dams on
the Tigris and Euphrates rivers for reducing water supplies
by 50 percent. Turkey is the site of the headwaters of a
river system that Syria and Iraq depend on. An informal
agreement determines the flow downstream.

“When we had bad relations with Turkey, they reduced the
flow of water despite the agreement. Now, thank God,
we have excellent relations with Turkey and, hopefully,
we will not see any cutoff of water,” Sukkar said.

In southeast Turkey, the Euphrates River is clear, blue
and deep. The Ataturk Dam harnesses water for one
of the biggest irrigation and electric power schemes in
the world, the Southeastern Anatolia Project. When the
multibillion-dollar project was inaugurated more than
a decade ago, then-President Suleyman Demirel said
neither Syria nor Iraq could lay claim to Turkey’s water,
any more than Turkey could claim Arab oil.

Al-Bia Wal-Tanmia (Environment & Development) magazine

water scarcity and consequently to decrease
vulnerability to climatic changes. Allan (1997)
has indicated that the MENA region “ran out of
water in the 1970s” and has effectively managed
to meet its food requirements and consequently
augment its water resources through rapidly
increasing imports of food commodities,
particularly wheat.

However recent food shortages and subsequent
hikes in food prices have exposed the vulnerability

of food importing countries to the volatility of
the global food supply and markets. This has
opted several GCC countries to seek acquirement
of titles to land resources and even fishing rights
in developing countries in Africa and Asia to
secure food for their rapidly growing populations
(Woertz et al., 2008). Although these policies are
considered reasonable given that they increase the
import of virtual water, they have raised concerns
over the sovereignty of food producing countries
as many of them are struggling to feed their
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FIGURE 2 NILE RIVER BASIN
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own populations. The situation is considered
particularly sensitive under conditions of global
food scarcity, which would hike up prices and
may push the poor in food producing countries
to malnutrition and possibly starvation.

VI. INCORPORATING
NONSTATIONARITY IN THE DESIGN
AND OPERATION OF WATER
RESOURCES INFRASTRUCTURE

Climate change is projected to alter the stochastic
nature of meteorological variables particularly
the spatio-temporal distribution of precipitation.
However, water infrastructure components are
designed assuming stationarity or static statistical
properties of meteorological variables. This is
problematic from two main design perspectives:
optimal capacity and safety. Components designed
based on wetter records can be ineffective and may
result in squandering scarce financial resources. For
example, an extensive water irrigation infrastructure
project designed on past wetter periods in Morocco
failed to meet farmer’s requirements as dams did
not fill to half of their capacities and irrigation
canals did not have enough water for most of two
decades from mid-1980s to mid-2000s (World
Bank, 2007). In contrast, overlooking potential
upward changes in the frequency and intensity
of rainfall events may lead some authorities to
underestimate the risk of flooding and develop
inadequate drainage infrastructure. Jeddah’s recent
disaster — see case study — is a testimony to the
failure of developers to assess the intensity and
damaging potential of rainfall storms. Shortsighted
developers have decided against building an
extensive drainage network judging it unnecessary
due to the extreme aridity of the area.

Dealing with nonstationarity requires adopting
a more adaptive and flexible approach in the
planning, design, and operation of water
resources infrastructure. This requires improving
understanding of changes in meteorological
conditions through extensive data monitoring
and analysis. Operational flexibilicy can be
achieved by tying operational policies to
improved long-term and short-term forecasts
of runoffs. For example, following an extended
dry period in the mid-1980s, the Ministry of
Water Resources and Irrigation in Egypt - see
case study - established the Nile Forecast Center
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(NFC) to provide forecasts of water inflows to
Lake Nasser. The NFC applies a remote sensing
modeling system developed through technical
support from the U.S. National Oceanic and
Atmospheric  Administration (NOAA) and
the Food and Agriculture Organization (FAO)
(Conway, 2005).

Hydrologic uncertainty brought about by climate
change can be managed through diversifying
water supply options and adopting an incremental
water supply development strategy. Rather than
pursuing costly and ineffective mega infrastructure
development, as Morocco’s irrigation project
attests to, large schemes can be broken into stages
starting with the most cost effective components
and proceeding progressively as the trajectory of
climatic change becomes clearer. For example, the
current plan to transfer water from the Litani River
to Beirut is structured in two incremental stages: an
initial plan that consists of constructing a pipeline
to transfer water from an existing water pond, and
a complimentary plan that involves constructing a
dam to store additional water (Watson, 1998).

Diversification of water supply options provides
additional insurance against climatic variability
and changes. Groundwater recharge using excess
winter rainfall or treated wastewater increases
strategic reserves necessary for withering through
drier periods. Desalination is increasingly
becoming a viable option particularly in the
heavily populated coastal areas to augment or
replace traditional water supplies (Brekke, 2009).

CASE STUDY - EGYPT’'S ADAPTION
TO CLIMATE VARIABILITY IN THE NILE

Egypt relies almost exclusively on runoff
from the Nile, which travels thousands of
kilometers from the Ethiopian highlands
and Lake Victoria (Figure 2). Over
millennia, Egypt was at the mercy of
fluctuations in the Nile that have brought
death and destruction from floods and
famine in dry years. The construction of
the Aswan High Dam (AHD) in the early
sixties has effectively shielded the country
from annual fluctuations of the river.
However, an unprecedented - since 1870
- sequence of especially dry years from
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1978 to 1987 reduced the AHD reservoir to
alarmingly low levels and brought the country
to the brink of extreme water shortages and
exposed its vulnerability to the interdecadal
variability of the Nile basin (Conway, 2005).
In response, the government took several
measures to reduce demand including
extending a ban on winter irrigation,
reducing areas allocated for rice production,
and improving hydraulic conveyance and
efficiency (Conway, 2005). Although the
prolonged drought ended with the abundant
yield of 1988, the country has taken
concrete steps to develop capacity on hydro-
meteorological forecasting by first establishing
a “planning and models” department at the
Ministry of Water Resources and Irrigation
(MWRI) which has developed into the Nile
Forecast Center (NFC) through financial
support from USAID and technical support
from NOAA and FAO (Conway, 2005). The
NEFC utilizes remote sensing information on
the main upper reaches of the Nile to produce
river flow forecasts. Moreover, the Nile Basin
Management (NBM) decision support
system was established based on modeling
studies of the hydrologic, infrastructure,
and environmental components of the Nile
Basin. The NBM is used to formulate and
assess different climatic and management
scenarios (Conway, 2005) that are necessary
for drafting climate change adaptation
strategies.

To alleviate tension on sharing the
water resources of the Nile, Egypt has
championed the development of the Nile
Basin Initiative (NBI), which grouped all
riparian countries of the Nile as members.
The NBI conducts high-level meetings and
capacity building workshops and seminars.
Although no comprehensive agreement
has yet materialized among all riparian
countries, the NBI has eased tension and
created a forum for dialogue and arbitration
of potential conflicts. Therefore, the NBI is
an important adaption strategy that reduces
vulnerability to conflicts that could arise
from competition over finite water resources
made increasingly scarce by climate change
and growth in demand, particularly in the
upstream riparian countries.

CASE STUDY - THE JEDDAH
FLOODING EVENT

lil'll l.l ﬂmll |
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Jeddah is the second largest city in Saudi
Arabia. On November 26, 2009, a major
storm dropped over 90 millimeters of rain
within 4 hours, equivalent to twice the yearly
average. By midday the rain accumulated
into massive torrents that ripped through the
poor southern neighborhoods of the city and
swamped thousands of vehicles caught in a
heavy trafficjam exacerbated by the earlier light
flooding of highways. The flood wave razed
hundreds of buildings and swept thousands
of cars and buses loaded with passengers. The
death toll was over 150 (Usher, 2009), with
damages to over 8,000 homes and over 7,000
vehicles (Alsharif, 2009).

Jeddah came also under eminent risk of a
major public health disaster as sewage water
levels rose high in the upstream “Musk”
lake (Abumansour, 2009). Originally
planned for flood control and water supply,
the lake was later turned into a dumping
reservoir for sewage tankers since the city
virtually lacks a sewage network. At the
peak of the storm the lake was estimated
to contain around 50 million m? of sewage
water.

Although the Jeddah flooding event is
not necessarily tied to climate change, it
nevertheless highlights vulnerabilities that
are relevant to projected climatic change
stimuli (increase in precipitation intensity).
From a hydrologic perspective, the event
is not very significant. However it has
manifested into a catastrophe due to several



vulnerabilities at the individual, societal,
and institutional levels. The most severely
hit parts of the town were built on a “wadi”
bed with virtually no drainage system. Poor
planning and alleged corruption opened
the way to haphazard development of
poorly constructed buildings and densely
populated shanty houses occupied mostly
by migrant workers. The devastated area is
crossed by several highway junctions kept
busy by inadequate traffic planning and
control. Many of the commuters were not
aware of the danger nor at first alarmed by
the floods, which added to the later chaos
and death toll. Many survivors reported
lack of response from the police and civil
defense and could not reach authorities as
emergency lines were reported mostly busy
during the event. Many people were trapped
and could not get help. The situation was
further exacerbated by electric outages as the
ravaging floods knocked down power lines.

The high mortality is tied to several key
generic and hazard-specific vulnerabilities.
The generic vulnerabilities include those
of poverty, social status, governance
(corruption, accountability), and
infrastructure. Those linked to hazard-
specific vulnerabilities include the lack
of adequate public drainage and sewage
disposal and treatment, improper building
structure, poor traffic management,
improper urban planning, and the
inexistence of emergency preparedness
planning. This event has exposed several
vulnerabilities to climatic hazards that
could intensify under projected climatic
change. It therefore provides an important
lesson for decision makers, homeowners,
and society at large to work on reducing
these vulnerabilities.

VIl. CONCLUSION AND
RECOMMENDATIONS

This chapter addresses vulnerability of water
resources in Arab countries to climate change. Being
situated mostly in mid-latitudes, Arab countries are
expected to undergo a major reduction in their water
balance due to projected decrease in precipitation
levels combined with increased evaporation rates.
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The predicament is particular critical for Arab
countries considering that most of their renewable
water resources originate outside their boundaries
in regions which are also expected to experience a
similar fate.

Climate change is one of several stressors, along
with population growth and land use change,
that accentuates water-associated vulnerabilities.
Given that climate change projections are still
plagued with uncertainty, a vulnerabilicy-based
approach provides a more logical framework to
select and formulate adaptation strategies based
on accumulated knowledge of the strengths and
weaknesses of different sectors and systems to
given vulnerability determinants. By addressing
these determinants that include water scarcity,
climate variability, demographic factors, land
use changes, and deficiencies in water services,
it would be possible to enhance the resilience of
different systems to projected climatic change.
This is a win-win situation for Arab countries as
they prepare to address current as well as future
water challenges.

Two case studies were presented to illustrate different
experiences in dealing with climate variability.
Jeddah’s recent flood is a testimony of the failure of
planners in addressing intrinsic vulnerabilities that
relate to the inadequacy of the drainage system,
poor urban planning, and lack of emergency
preparedness. Egypts experience in managing the
Nile’s water flows provides a brighter spot where
the country has built adaptive capacity to variable
river conditions. In both cases, the experience with
climate variability acts as a “preparatory exercise”
for future events that may become more common
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CHAPTER 3

STATE OF FRESHWATER ECOSYSTEMS

I. INTRODUCTION

The Arab countries are among the world’s most
water scarce. The prevailing arid conditions in
the region where the average annual evaporation
may exceed 2,000 mm/year (El-Quosy, 2009)
play a key role in reducing freshwater availability.
This is compounded by rising populations
in Arab countries at an annual growth rate
of 2.7% on average (ESCWA, 2003), which
exceeds the average global rate. Despite the fact
that two thirds of the renewable water resources
in the Arab countries originate from outside
the region (El-Quosy, 2009), the sustainable
management of much of this water still eludes
resource managers and policy makers. Many
water resources basins, both surface and
groundwater, are also shared among a number
of countries. This also presents major challenges
for the sustainable management of water
resources and leaves Arab countries vulnerable
to conflicts particularly as pressure mounts
for meeting increasing demands for domestic,
agricultural, industrial, and environmental uses.

FIGURE 1 THE NILE RIVER WATERSHED

An additional stress anticipated to exacerbate
these strains is climate change.

The strained conditions of water resources in
the Arab countries have negatively affected the
state of freshwater ecosystems as well as species
biodiversity significantly. Freshwater ecosystems
in Arab countries provide substantial benefits
as a source for drinking water, fisheries, and
irrigated agriculture. Despite their importance
in securing and maintaining livelihoods, many
freshwater ecosystems are being severely damaged
by human activites. It is thus important to
get an appreciation of the state of freshwater
ecosystems in Arab countries in order to inform
the development of integrated management
plans for these systems that ensure sustainable
use, restoration, and preservation. However,
the lack of data, systematic measurements, and
documentation on the status of these systems
make the task of managing them extremely
challenging. This in turn places a high value on
the urgent need for continuous, credible, and
relevant data acquisition and monitoring.

Political Bousdaries [Matl ]
W Water Bodies

Source: WRI, 2003a




ARAB ENVIRONMENT: WATER

FIGURE 2

THE EUPHRATES AND TIGRIS RIVERS WATERSHED
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Il. DISTRIBUTION OF FRESHWATER
ECOSYSTEMS IN THE ARAB WORLD

a. Rivers and Streams

There are 34 perennial flowing rivers in the Arab
wortld. However, there are large variations in their
flow rates and the size of their catcchment areas.
Rivers in Arab countries can be classified broadly
into three categories:

Long rivers: The Nile, Tigris, and Euphrates are
the major rivers and contribute almost 80% of
the total surface water flow in Arab countries.

The Nile River is regarded the longest river in the
wortld (6,650 km). Flowing northward, the Nile
River has two major tributaries: the Blue Nile
and the White Nile. The latter is the longer, yet
the former is the source of the majority of the
Nile’s River water. The White Nile originates in
the Great Lakes region of central Africa and flows
north through Tanzania, Lake Victoria, Uganda,
and southern Sudan. The Blue Nile starts at Lake

Tana in Ethiopia flowing into Sudan from the
southeast. The two rivers meet near the Sudanese
capital of Khartoum. The Nile empties into the
Mediterranean Sea. Figure 1 depicts the watershed
of the Nile River basin.

The Euphrates River (2,289 km) originates
in the Taurus Mountains in Turkey and flows
through Syria and Iraq to join the Tigris to
create Shatt al-Arab near Al-Basra City, which
in turn flows into the Arabian Gulf. The river
surface catchment has a total area of 378,000
km? and covers areas in Turkey, Syria, Iraq, and
Iran. The Tigris River (1,862 km) originates in
the Taurus Mountains in Turkey. As it flows out
of Turkey, the river becomes the border between
Syria and Iraq. Baghdad stands on the banks of
the Tigris River. Figure 2 depicts the watershed
of the Euphrates and Tigris River basins.

Wadi Dar’a or Oued Draa (1,200 km), the
largest river in Morocco, emerges from the Atlas
Mountains and flows into the Atantic Ocean.
Figure 3 depicts the watershed of the Wadi
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FIGURE 3 THE WADI DAR’A RIVER WATERSHED
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Dar’a River.

Small rivers: There are numerous streams and
small rivers in the Arab countries. The following
is a brief description of the major ones.

The Litani River (140 km) emerges from
southern Lebanon in the Beqaa Valley and
empties into the Mediterranean Sea north of
Tyre. The Orontes (402 km) emerges from the
Beqaa Valley, flows through Lebanon, passes
through Hims and Hama in Syria, turns to the
west in southern Turkey, and empties in the
Mediterranean Sea.

In the Maghreb region, there are many rivers that
emerge from the Adantic Mountains and empty
either in the Mediterranean or the Atlantic
Ocean. Examples of the rivers that flow into the
Mediterranean are Al-Mujaradah in Tunisia, As-
Slef in Algeria, and Al-Malwiah in Morocco. As
for the rivers that flow into the Atlantic Ocean,
all are in Morocco such as Sebo, Um-Arrabie’,
and As-Sous.

Internal rivers: The Jordan River and the
Barada River are among the main internal rivers
in the Arab countries.

The Jordan River (360 km) originates at the
Syria-Lebanon border, flows through Lake
Tabaryya (Tiberias), and then receives its main
tributaries, the Yarmouk River and the Jabbok
River. Its other tributaries are the Hasbani, which
flows from Lebanon, the Banias River sourced
from a spring at Banias at the foot of As-Sheikh
Mountain, and the Dan River also sourced at the
base of As-Sheikh Mountain.

The Barada River (71 km) flows through the
spring of “Ayn Fijah of Damascus. Its source
is Lake Barada, located at about 8 km from
Zabadani. The river ends at Utaibah Lake.

b. Wetlands

There are many wetlands and marshes in the
Arab countries. These might be classified into



ARAB ENVIRONMENT: WATER

TABLE 1 MAIN WETLANDS IN SELECTED ARAB COUNTRIES

Country Main Wetlands
Aleria Most of the wetlands are coastal wetlands such as that of Sebkha d’Oran, the Salines d’Arzew, the
9 marshes of the Plain of Habra, the marshes of the Plain of Guerbes, and Garaet el Mekhada
Eavot Nile Delta, the Bahra el Maryut, the Bahra el Idku, the Bahra el Burullus, the Bahra el Manzala, and the
op Sabkhet el Bardawil
Ira Haweija marshes, the Baquba Wetlands, the Attariya Plains, the Haur Al Shubaicha, the Ramadi Marshes,
9 the Al Musayyib Wetlands, the Haur Ibn Najim, and the Wetlands of Lower Mesopotamia
The wetlands may be grouped into four main areas: (1) North Jordan Valley Wetlands of the Yarmouk
River basin (including Al Rais Pool), Wadi El Arab and Wadi Ziglab; (2) Middle Jordan Valley Zarga River
Jordan and King Talal Dam, and wetlands in the lower Jordan River (Wadi Damia, Kibed Pool, Kafrein Dam,
Shu’eib Dam and Swaimeh Pool); (3) South Jordan Valley Wadi Mujib; and (4) Eastern Desert Ghadir
Burqu
Kuwait The only natural wetlands are marine and coastal ones such as Al-Jahra Pool Nature Reserve, Dawhat
owat Kazima, Sulaibikhat Bay and Doha Peninsula Nature Reserve, and Al-Khiran
Lebanon Ammig Swamp is the only major swamp
Libya Wetlands are of coastal nature such as that of the West Coast and the Gulf of Sirte
Mauritania There are tidal and coastal swamps and marshes. Coastal ones include the Marais de Toumbos, marshes
vnran of the Aftoilt es Saeli, coastal Pans, the Floodplain of the Senegal River, and the Senegal River Delta
There are two main types of wetlands; tidal and coastal. For the earlier we have Sebkha Tazra (Khnifiss
Morocco Lagoon), Merja Zerga, Nador Lagoon while the later includes Oualidia and Sidi Moussa Lagoons, Douiya
o Sidi Bou Rhaba (Mehdiya Lagoon), Merja Sidi Mohamed Ben Mansour and Merja Daoura, and the Rio
Martine Lagoons and Marshes
Sud Permanent swamps include Lotagipi Swamp, Kenamuke/Kobowen Swamp, the Lotilla Swamps, Badigeru
vaan Swamp, the Veveno/Adiet/Lilebook Swamps, and the Machar Marshes
Suri The main ones are Al-Radd and Tual al-’Abba. In addition, marshes that are associated with Euphrates in
yna Al-Jazeera area in Syria are Halabiyat Zulbiyat, Al-Shumaytiyah and Huwaijat al-Mayadin
Source: Based on Scott, 1995

average deficit of 30 million m® considering that
the average total abstration equals 150 million m?
(Ghabayen, 2010).

perennial or ephemeral, coastal, tidal, river-fed,
or spring-fed wetlands. Table 1 is a summary list
of the main wetlands in selected Arab countries.
c. Lakes Figure 4 shows the groundwater regions in the
Arab World. As can be seen from the figure, the

Several natural and man-made lakes exist in the Arab
world. Table 2 is a summary list of the main lakes.

d. Groundwater and Oases

For many Arab countries, underground aquifers
are considered the main source for securing water
needs since surface water resources are insufficient.
This has created water deficits and significant
gaps between replenishment and abstraction
rates. The Gaza Coastal aquifer is a case in point
where intensified exploitation had led to an

Arab World overlies six different groundwater
regions as classified by UNESCO (2009).

The majority of groundwater aquifers in the Arab
world are shared. Figure 5 and Figure 6 show the
distribution of trans-boundary aquifer systems,
while Table 3 and Table 4 present these aquifers
in tabulated form. It should be mentioned that
many local aquifers within each country do exist,
yet they are not described herein.

Available renewable groundwater volumes show
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TABLE 2 THE MAIN LAKES IN SELECTED ARAB COUNTRIES

Country Main Lakes

Djibouti there are two main lakes; Lake Abbe and Lake Asal

Algeria Fetzara, floodplain of the Oued el Kebir, Melah Lagoon, Lake Oubeira, Lake Tonga

Egypt Lake Nasser

| Tharthar Lake, the Samarra Lake, the Shari Lake, the Lake Al Habbaniya, and the Lake Razazah (Bahr

raq Al Milh)

Libya Lakes of Wau en Namus

Mauritani Lake Rkiz, Lake Tianbrank, Mare du Diaouling, Mare de Nter, Lake d’Aleg, Lake du Mal, Mare de

auniania Kankossa, Mare de Mamoude, and Lake le Bheyr

Sudan Lake Keilack, Lake Kundi, Lake Ambadi, Lake Maleit, Lake Yirol, Lake Anyi, and Lake Nyiropo
Buhayrat al-Khatuniyah, Buhayrat al-Mad, Baath Lake, Sabkhat al-Jabbul, Sabkhat Muh, Lake Quattine,

Syria Buhayrat al-Laha, Jabal Sis Lakes, Lake Muzayrib, Lake Mas’adah, Lake Bluran, Buhairat As-Sab’a, Lake
Zarzar, Lake Rastan, and Lake Al-Asad. In Lebanon, Lake Qaroun is a man-made lake

Palestine Lake Tabaryya (Tiberias), Lake Lot (Dead Sea) and Lake Al-Houla. The later was dried by Israel

Sources: Based on (with the exception of Palestine and Syria) Scott, 1995

high variability from country to country, as
illustrated in Table 5, with the top ranked being
Sudan. Total groundwater withdrawals in many
Arab countries exceed by far the total renewable
volume as the case of Jordan exemplifies, where
many of its aquifers are being overexploited (Arab
Environment Watch, 2010).

Oases in Arab countries' include many in Libya
such as the Oases of the Ghat Region, the Oases
of the Sabha District, and the Oases of Kufrah. In
Mauritania there is the El Berbera Oasis. In Egypt
the main Oases include the Siwa, Qattara, Wadi
el Natrun, and the ‘New Valley’ Oases. In Jordan,
Al-Azraq Oasis is the main one in the Eastern
Jordanian Desert (Scott, 1995).

11l. THREATS TO FRESHWATER ECOSYSTEMS

Freshwater ecosystems are generally threatened by
man-made activities. Human activities resulting
from urbanization, economic expansion, and
industrialization produceunintended consequences
that cause degradation to scarce freshwater
resources, threatening more deterioration to
already stressed water ecosystems.

When human beings are faced with increasing
water demand, the acquisition of additional
water generally takes place by diverting river
water flow or by building dams. These activities

block migration routes for fish and causes
habitat disruption and shrinkage. In addition,
urban storm water and irrigation runoffs pose a
contamination threat to freshwater ecosystems
including both surface waters as well as aquifers.

Urbanization and real estate development adjacent
to wetlands often lead to wetland depletion and
drainage and sometimes to wetland habitat
destruction. Species with aquatic life cycles that
rely on wetlands for spawning and feeding are
consequently threatened. Because wetlands provide
protection from severe weather conditions such as
flooding, environmental degradation to wetlands
will diminish their ability to ameliorate the effects
of extreme flooding and drought events.

A number of examples can be offered. When
Egypts Aswan Dam came into operation, the
number of commercially harvested fish species
on the Nile has dropped by almost two thirds,
and the sardine catch in the Mediterranean has
fallen by more than 80 percent (Postel, 1996).
Habitats around the Tigris and Euphrates River
Basins, shared by Turkey, Iraq, Syria, and Iran,
are threatened by river damming and conflicts,
raising concerns about the degradation
of biologically rich wetands, such as the
Mesopotamian marshlands in southern Iraq,
that host numerous important species. “The
Mesopotamian Marshes — which once covered
an area nearly half the size of Switzerland and



were central to the livelihoods of the half a
million Madan or Marsh Arab people — have
been all but destroyed” (WWE 2010).

InJordan, the Al-Azraq Oasis in the Eastern Desert
is formerly comprised of a complex of spring-fed
marshes and pools. According to Budeiri (2010),
“the once extensive wetlands of the Al-Azraq
Oasis have been completely destroyed because
of over-exploitation of groundwater and dam
construction on the major wadis”, thus cutting
out the supply of water from the two main
springs to the oasis. In addition to the depletion
of these wetlands, hunting has caused threats to
wildlife around them. “As a result of these various
detrimental factors, many aquatic species are now
on the verge of extinction in Jordan, if not already
extinct” (Budieri, 2010). In 2008, the multi-
stakeholder Azraq Oasis Restoration Project
has been launched which aims at restoring a
substantial part of the Azraq Oasis (Ramsar site),
while balancing water uses, maintaining ecosystem
services and addressing long-term access and
rights to water by underprivileged groups in the
targeted communities (IUCN, 2010).

FIGURE 4

Legend:

13. Atlas,

14. North African basins,

18. East Africa rift and associated basins,

Source: Adapted from UNESCO, 2009
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Many wetlands in Arab countries have been
degraded by drainage, diversion of water supplies
for irrigation purposes, pollution, dredging, urban
development, and by other human activities,
causing their depletion and the collapse of entire
ecosystems (Desert Research Center, 2009; Fishar,
2009; LAS, 2009). Moreover, overexploitation of
groundwater resources is an on-going problem
in many Arab countries. Examples can be drawn
from Palestine and Jordan. In Palestine, the Gaza
coastal aquifer is being pumped at rates that
exceed aquifer recharge rates, creating severe
seawater intrusion and increased salinity in many
wells utilized for domestic water supply (PWA,
2007). In Jordan, the average annual abstraction
from all basins exceeds the renewable average of
recharge and currently stands at 159% of that
average (JMWI, 2010).

IV. WATER RESOURCES USE AND
ALLOCATION IN FRESHWATER
ECOSYSTEMS

Generally speaking, resources can be derived from

MAP OF GROUNDWATER REGIONS

19. Ogaden-Juba basin,
30. Levant and Arabian platform,
31. Arabian shield.
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FIGURE 5 MAP OF AQUIFER SYSTEMS IN ARAB COUNTRIES LOCATED IN WESTERN ASIA

Source: adapted from UNESCO, 2009
(Map legend of aquifer systems summarized in Table 3)

a river basin ecosystem. These ecosystems provide
services such as freshwater for drinking and
cooking as well as for other land-based activities
such as agriculture, energy production, industrial
use, mining, and urban area development.

However, many other dependent systems exist in
river basins such as forested slopes and downstream
floodplain wetlands. The need for water by these
natural systems may require the reallocation of
water use and restrictions on land-use related
activities. This might lead to conflict of interests
among competing users. In reaching compromises
and allocation targets, river basin ecosystems that
sustain soils, fish habitats, and aquatic biodiversity
may not get their adequate share of water.

Therefore, water use and allocation should take
into account ecosystems health and the biodiversity
of life that it supports. Integrated land and water
management should be considered at the river
basin level. Upstream water use should be restricted
to address the downstream needs of existing and
living species. This also implies the restoration of
migratory pathways of freshwater species through
improved design or retrofitting of infrastructure.
For instance, to retrofit an existing dam may require
taking account of the migratory behavior of the
target species as well as changes in the physical and
hydraulic structure of the water intake facility. There

are many examples of dam retrofitting projects
designed to minimize disruption to aquatic life
migratory pathways along river basins and dams.

V. BIODIVERSITY IN FRESHWATER
ECOSYSTEMS

In general, freshwater ecosystems are home to
a tremendous diversity of fish, aquatic plants,
invertebrates, and microorganisms. In the
Arab world, rising populations combined with
quick urbanization and utilization of increasing
amounts of freshwater are placing enormous
stress on ecosystems and their floral and faunal
inhabitants resulting in a decline of ecosystem
services (Krupp et al., 2009).

AccordingtoKruppetal.(2009), habitatdestruction
is the major cause of terrestrial biodiversity loss in
the Arab world, where “deforestation, hunting,
overgrazing, and degradation of rangelands have
continued for millennia.” In the past century,
threats to ecosystems from “urban and industrial
developments and pollution have increased at an
alarming speed” (Krupp et al., 2009).

Many wetlands and marshes (for instance in Iraq)
are reported to have been important staging and
wintering areas for migratory waterfowl (Scott,



TABLE 3 AQUIFER SYSTEMS IN ARAB COUNTRIES LOCATED IN WESTERN ASIA

ID Aquifer Name
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Countries

1 Upper Jezira/Mesopotamia

Iraq, Syria, Turkey

Eastern Mediterranean:

Palestine, Israel, (Jordan), Syria, Lebanon

Western Mountain Aquifer

Palestine, Israel

Northern and Southern Jurassic and Cretaceous Aquifers

Lebanon, Syria

2 Hasbani-Ouazani Aquifer catchment Lebanon, Israel
Northeastern Mountain Aquifer Palestine, Israel
Eastern Mountain Aquifer Palestine, Israel
Gaza Strip Aquifer Palestine, Israel
Huran and Jabal Al-Arab Jordan, Syria, Saudi Arabia
Syrian Steppe Irag, Jordan, Saudi Arabia, Syria
Disi Aquifer, Saq Jordan, Saudi Arabia
6 Eastern Arabian Peninsula Bahrain, Irag, Kuwait, Oman, Qatar, Saudi

Arabia, United Arab Emirates, Yemen

Source: UNESCO, 2009

1995). As stated in the “Directory of Wetlands
in the Middle Fast”, Marchant and Macnab
“recorded a wide variety of ducks, shorebirds, and
other waterfowl [in Haweija Marshes] mostly
in small numbers, on passage and in winter,
including Botaurus stellaris and Marmaronetta
angustirostris. They also recorded up to 2,000
Anser albifrons and 75-100 Hitnantopus
himantopus on passage” (Scott, 1995).

VI. ECONOMIC VALUATION OF FRESH
WATER ECOSYSTEM SERVICES

According to Daily (1997), “ecosystem services
are the conditions and processes through
which natural ecosystems, and the species that
make them up, sustain and fulfill human life.”
Different ecosystems provide critical services for
human and non-human life forms such as food,
water treatment, air purification, flood control,
and climate regulation (Daily, 2005). Advances
in ecosystem science over the past several decades
have shed considerable light on these diverse
benefits offered by these ecosystems.

Like other ecosystems, freshwater sources such
as groundwater wells, springs, lakes, rivers, and
streams provide many services to human society.
These services include both market goods and

services like drinking water as well as nonmarket
goods and services such as biodiversity. Many
of the goods and services that may be provided
by freshwater sources in the Arab States today
are not bought or sold which means that the do
not have a declared price. The estimation of the
economic value of these services needs to be based
on different factors and the quantitative valuation
of freshwater ecosystems requires expertise from
both social and natural sciences. It is believed
that the available methods for the quantitative
valuation of freshwater ecosystems economics are
still evolving, imprecise, and controversial.

Freshwater ecosystems in the Arab world provide
different services that can be divided into two
groups:

1. Direct market goods or services in the
form of water used in drinking, irrigation,
transportation, eco-tourism, and electricity
generation; and

2. Non-market goods or services such as
sustaining biodiversity, habitats for plant and
animal life, and cultural and spiritual needs
associated with lakes and rivers.

By estimating the economic value of ecosystem
goods and services not traded in the marketplace,
social costs or benefits that otherwise would
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FIGURE 6

Source: adapted from UNESCO, 2009
(Map legend of aquifer systems summarized in Table 4)

MAP OF AQUIFER SYSTEMS IN ARAB COUNTRIES LOCATED IN AFRICA

remain hidden or un-appreciated are thus
revealed. For this reason, ecologists, social
scientists, and environmental managers are
increasingly interested in assessing nonmarket
ecosystem goods and services (Wilson and
Carpenter, 1999). Different valuation methods
have been developed to estimate the value of the
goods and services provided by ecosystems. Four
of these methods have been used extensively to
value services provided by freshwater ecosystems.

The most widely used approach to measuring the
economic value of environmental services is the
contingent valuation method. This method relies
on direct consultation with beneficiaries regarding
their preferences for paying. This method allows
a sample of people who benefit from a particular
resource to tell researchers directly, through
surveys, what they are willing to pay for some
improvement in environmental quality (Kramer,
2005). What is attractive about this method is the
ability to capture both use value (e.g., irrigation
water use) and non-use value (protection of species
biodiversity) of water ecosystems (Kramer, 2005).
However, surveys allow participants to state their
willingness to pay without registering any actual
observed behavior, which means that a potential

bias might exist in their responses.

The travel cost method is also widely used to
value water ecosystem services by examining
how people value and make choices about their
leisure time. This approach employs statistical
methods to interpret data about recreational
expenditures, frequency of visits to water sites,
and site characteristics to infer the economic
value of water ecosystem sites (Kramer, 2005).

The third method is the change in productivity
method, based on assessing changes in market
prices due to ecosystem services. This method
recognizes that when changes in environmental
quality affect the production of marketed goods,
these effects can be captured by observing what
happens in a related market (Kramer, 2005). So
if freshwater quality changes or water pollution
occurs resulting in reduced vegetable production,
the impact can be valued by registering changes
in the price of vegetables. In this case, the value of
freshwater can be measured by the dollar value of
lost vegetable sales.

The hedonic property value method presumes
that although many environmental goods are
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TABLE 4 AQUIFER SYSTEMS IN ARAB COUNTRIES LOCATED IN AFRICA

ID Name Countries

401 Tindouf Aquifer Algeria-Morocco

402 Errachidia Basin Algeria-Morocco

403 Northwest Sahara Aquifer System Algeria-Libya-Tunisia

404 Mourzouk-Djado Basin Chad-Libya-Niger

405 Nubian Sandstone Aquifer System Chad-Egypt-Libya-Sudan

406 Senegalo-Mauritanian Basin Gambia-Guinea-Bissau-Mauritania-Senegal

407 Taoudeni Basin Algeria-Mali-Mauritania

408 I'Air Cristalline Aquifer Algeria-Mali-Niger

409 Tin-Seririne Basin Algeria-Niger

415 Upper Nile Basin Ethiopia-Sudan

416 Awash Valley Aquifer Dijibouti-Ethiopia

418 Ogaden-Juba Aquifer Ethiopia-Kenya-Somalia
Source: UNESCO, 2009

not traded in markets, their presence may have
an effect on property values (Kramer, 2005).
For example, land close to a lake has probably a
higher value because of any number of attractive
features prized by consumers such as landscape
views, recreational sports, or fishing. Statistical
techniques are then used to separate out the
contribution of ecosystem services from the total
value of the property (Kramer, 2005).

VII. VULNERABILITY AND ADAPTATION
OF FRESHWATER ECOSYSTEMS TO
CLIMATE CHANGE

Arab countries encounter a variety of climatic
conditions that entail high and low amounts of
rainfall and temperatures. However, the region
is generally characterized by semi-arid, arid,
and hyper-arid conditions. According to the
International Panel on Climate Change, this
aridity implies that the region will be under
high vulnerability to climate change (IPCC,
2007). Climate change is projected to bring
about increased variability in precipitation, thus
adding more stress to a region of scarce water
resources. According to Abou Hadid (2009),
modeling studies have indicated that Arab
countries will encounter by the end of the 21st
century an increase of 2 °C to 5.5 °C in surface
temperature and a decrease in precipitation
from 0 to 20%.

The anticipated climate change indicators
described above imply intense rainfall events with
shorter winter times. This connotes a considerable
decrease in groundwater recharge and an increase
in surface runoff. Arab countries that rely heavily
on groundwater resources for water supply do
not have the needed infrastructure to collect and
harvest the increased amounts of surface runoff.
When considering that many Arab countries rely
heavily on groundwater for securing their water
needs, vulnerabilities to climate change become
less abstract.

Arab countries in North-West Africa (Tunisia,
Algeria, Mauritania, and Morocco) are the most
vulnerable to climate change since they are largely
dependent on rainfall (El-Quosy, 2009). Syria,
Iraq, Egypt, and Sudan are dependent on river
flows and thus they can be considered to be highly
vulnerable to climate change. Research has shown
that the flow of the Nile River to be sensitive to
rainfall on the Ethiopian highlands (EI-Quosy,
2009). A temperature increase by two degrees
Celsius might lead to a decrease in river flow by
50% in Equatorial Lakes and Bahr El Ghazal
(El-Quosy, 2009). The countries located in the
Arabian Peninsula have the lowest vulnerability
to climate change since they have limited internal
renewable water resources and thus have nothing
to lose (EI-Quosy, 2009). In other words, these
countries for instance do not rely at all on rainfall
for agriculture or water harvesting.
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BREAKING ARAB WATER SCARCITY

Mohamed Kassas

A major challenge facing the Arab region is its
insufficient freshwater resources. The arable land
makes up 3.4%, grassland 18.8% and forest and
woodlands 10%; thus, 4.1 million square kilometers
or 30% of the overall Arab land area is productive
land, while the remaining 70% account for dryland
and deserts. Therefore, cooperation is needed to
streamline efforts for addressing water shortage issues
on three levels:

* Increasing available freshwater resources.
* Enhancing the efficient use of available
freshwater.
*  Maintaining the quality of available freshwater.
Universities and research centers in the countries
of the Arab region have great research potentials
that can, through integration info a comprehensive
and sustained mechanism, help these countries find
solutions to the problems related to water resources
and thus overcome one of the great obstacles to
development and modernization.

The following are the major areas that should be the
focus of aftention:

1. Water resources in river areas in Irag, Syria, Egypt
and Sudan that depend on irrigated cultivation
and where the rivers flow from sources outside
the Arab region (Turkey in the eastern sector, and
Ethiopia and the equatorial sources that feed the
Nile basin). Concerned Arab countries are in a
delicate position due to the criticality of policy
making and management of regional dialogue
between estuary countries and source countries.
Any successful dialogue should draw a balance
between “prescriptive historic rights” and the
international political balance.

2. Rainwater resources in the Arab World are limited,
yet vital to rain-fed farmlands and rangelands.
Efficient management of such areas must be based
on technical surveys and studies that lay down
guidelines for the sustained development of such
resources, i.e. protecting productive ecosystems
against degeneration and desertification. The aim
should be sustained - rather than maximized -
productivity.

The areas of rain-fed cultivation and grasslands are

exposed to severe droughts (below-average rainfall).

Management of such natural hazards needs a

framework that includes:

*  Anearly warning system (to forestall the occurrence
of droughts)

* A social plan that prepares communities to deal
with emergencies upon occurrence.

* A program for helping affected communities and
enabling them to sustain damages.

3. The Arab region has abundant groundwater
resources, and its geologic formations contain
aquifers in the Arabian Peninsula stretching to the
Levantine countries and in Northern Africa from Egypt
to Morocco and Mauritania. Water is plenfiful, but
unfortunately non-renewable and mostly in deep
layers. Efficient management should be based on
technical surveys that determine the volume of, and
safe withdrawal limits from, such resources. Moreover,
development of these resources must comply with
time-frame parameters and reflect our sense of
responsibility fowards future generations. Some huge
water resources are in vast trans-border basins; and
the conservation and development of such resources
require a framework of regional cooperation and
neighborly relations. Efficient cooperation, in turn,
should inevitably be based on information and
technical knowledge that all countries related to a
common basin must contribute to.

4. The use of water depends on its volume and quality,
mainly related to harmful contamination levels. In
many places, rivers are contaminated by pollutants
flowing from sources to estuaries and carried, along
the stream, from towns and villages where industrial
and domestic waste is discharged. Due to the limited
supply of water available for irrigation, agricultural
expansion, in most countries, depends on the re-
use of agricultural wastewater. This is manifested in
the development plans of water resources in Egypt
and other countries that use irrigated cultivation. The
only way to develop technologies for the treatment
of agricultural wastewater and re-use in irrigation
is through scientific research. It is also the way that
will facilitate the choice of crop plants and use of
adequate irrigation systems.

Use of groundwater should not expose aquifers to
contamination because we do not have the necessary



treatment means and remedial technologies in case
water supply in lower strata becomes polluted. This
implies that extraction of groundwater should involve
preventive measures and controls to avoid seepage of
polluted water from the irrigated fields to subsurface
layers. In other words, innovative technologies are
needed to safeguard groundwater resources.

5. The Arab World can make use of the extensive
studies conducted by universities, national research
centers, Arab regional and international research
centers [the Damascus-based, Arab Center for
the Studies of Arid and Drylands (ACSAD) and the
Aleppo-based, International Center for Agricultural
Research in Dry Areas (ICARDA)] and the Beirut-
based, Economic and Social Commission for
Western Asia (ESCWA). Such studies provide
assessments of available supplies of water that
may serve as the foundation for rational plans
for agricultural development in the Arab region.
Unfortunately, it seems that authorities responsible
for agricultural development plans are not familiar
with data and facts, which necessitates bridging the
gap between research centers and decision-makers.
Relations between the two sides are currently
marred by three limitations. First, the approach to
scientific facts and data is not holistic, but rather
partial and selective. Second, the relation between
scientists and technology experts, on one side, and
decision-makers, on the other, is characterized by
mistrust, which leads to the tragic confusion of
scientific views with political considerations. This
situation cost the Arab society dear by driving most
distinguished scholars to move abroad. Third, the
scientific elite and the public Arab society eye each
other suspiciously, thus hindering the development
of the Arab society and spreading fundamentalist
thought which shook our society and promoted the
image of our countries as terrorist hotbeds. So we
are now preoccupied with defending our position;
and the best way to succeed in this mission is by
embracing knowledge and technology.

6. As all arid regions in the world, the Arab region
needs to increase its freshwater resources in order
to expand agricultural production areas and
rangelands. There have recently been rainmaking
attempts (cloud seeding) in Syria and Saudi Arabia
to increase rainfall. However, three ways may be
explored fo increase the sources of freshwater that

ARAB ENVIRONMENT: WATER

may be used for irrigation:

¢  Groundwater is abundant, but there in need for
new, cost-effective and break-through extraction
(pumping) technologies. Present technologies are
fuelled by thermal energy from petroleum and
petroleum products, and we need new ways to
overcome the economic obstacles in pumping
technologies and sources of energy used. It is
worth noting here that the future of solar and wind
energy pumping technologies is very promising.

* Desalination technologies are widespread in the
Arab region, especially in the Arabian Peninsula
and Gulf area; and production economies make
the existing technologies cost-effective and suitable
for domestic use. But a technological breakthrough
is needed to make the use of desalinated water
in agriculture feasible. Egypt had, in 1964-65, a
project for building a nuclear power reactor in Sidi
Kerir, west of Alexandria, primarily to desalinate
sea water for use in irrigation agriculture. But the
project was, unfortunately, suspended. There is
another project for constructing a water channel
between the Gulf of Aqaba and the Dead Sea for
the purpose of generating power from desalination
of water. The project is still under consideration
and open for negotiation.

e The Earth surface freshwater sources include
masses of ice in Polar Regions and high
mountains. There was an attempt, sponsored by
Prince Muhammad al-Faisal, to haul an iceberg
to the Arabian Peninsula, but it faced the difficulty
of crossing the Bab-el-Mandeb Straits. The ideq,
however, requires further study and search for
new technologies. Elsewhere in the world, North
American countries looked into a joint project to
transport water from Polar Regions in Alaska and
north Canada fo the arid zones of Southwestern
United States and north Mexico, but nothing has
materialized so far.

To sum up: the Arab region, like other arid areas in the
world, necessarily needs further scientific research and
technological development in order to overcome the
negative impacts of water scarcity. Needless to say that
any such activity requires regional and international
cooperation.

Dr. Mohamed Kassas is Professor Emeritus at the University of
Cairo and former President of IUCN.
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TABLE 5 ANNUAL YOLUMES OF GROUNDWATER PRODUCED INTERNALLY, ENTERING THE COUNTRY, AND THE TOTAL RENEWABLE

Country Produced internally Entering the country Total renewable Total rengwable
(km3/yr) (km3/yr) (km3/yr) (m®/capita)
Algeria 1.487 0.030 1.517 43
Bahrain 0.000 0.112 0.112 142
Comoros 1.000 0.000 1.000 1479
Dijibouti 0.015 0.000 0.015 17
Egypt 1.300 0.000 1.300 17
Iraq 3.200 0.080 3.280 107
Jordan 0.450 0.270 0.720 114
Kuwait 0.000 0.020 0.020 7
Lebanon 3.200 0.000 3.200 758
Libya 0.500 0.000 0.500 78
Mauritania 0.300 0.000 0.300 91
Morocco 10.000 0.000 10.000 316
Oman 1.300 0.000 1.300 457
West Bank and Gaza 0.740 0.010 0.750 181
Qatar 0.056 0.002 0.058 41
Saudi Arabia 2.200 0.000 2.200 86
Somalia 3.300 0.000 3.300 361
Sudan 7.000 0.000 7.000 179
Tunisia 1.495 0.100 1.595 154
United Arab Emirates 0.120 0.000 0.120 26
Yemen 1.500 0.000 1.500 64
Source: FAO AQUASTAT Database

According to Arnell and Liu (2001), climate
change is expected to have significant impacts
on water supplies creating or exacerbating
chronic shortages and water quality. Sea level
rise will result in seawater intrusion into coastal
aquifers, potentially reducing water resource
availabilicy. Changes in quantity and intensity
(and duration) of rainfall are likely to result in
more floods and droughts and increased demand
for irrigation water.

As for ecosystems, they generally undergo
changes that are noticeable and observable such
as changes in bird migrations and plant flowering
dates. Mobile species like birds and larger animals
may be able to migrate rapidly in response to
changing climate patterns while many ecosystem
components including many tree species have

much lower mobility (Malcolm et al., 2006; Root
et al., 2003; Parmesan and Yohe, 2003).

When considering in more specificity freshwater
ecosystems, climate change will lead to increased
warming level and this in turn will increase the
demand for water. In order to secure additional
water to meet increased demand, more dams
may be built on rivers. This will impede the
movement of water and reduce its flow rate. In
other situations, more water will be diverted
from a river’s main course, resulting in significant
negative impacts on freshwater habitats. When
climate change is accompanied by urbanization
and population growth, freshwater ecosystems
will experiencesevere degradation and substantial
loss of species diversity is likely to occur (Gitay
etal., 2001). The dual effects of climate change



and direct man-made stress will probably alter
the hydrological and biogeochemical processes,
and, hence, the floral and faunal communities
of freshwater ecosystems. This vulnerability
will create even more fragile conditions in
terms of water availability and udilization in
Arab countries.

VIIl. CONCLUSION AND
RECOMMENDATION

Assessmentstudiesofthestate of wetlands, marshes,
lakes, river basins, oases, and other freshwater
ecosystems in Arab countries are not conducted
systematically or credibly over time. Human
interactions with these freshwater ecosystems
are dynamic and accelerating. Water diversion
schemes, agricultural drainage, dam building,
urbanization, resource depletion, conflicts, and
climate change will continue to impinge on
different water environments. Therefore, available
information on the state of freshwater ecosystems
needs to be continuously and systematically
updated. Moreover, it is recommended to
establish a knowledge management system for
Arab freshwater ecosystems.

Without the acquisition of proper data and
increased capacity to generate and utilize
knowledge regarding freshwater resources,
protection plans and integrated management for
water ecosystems will not be efficient or effective.
Up-to-date studies should be conducted to assess
the status of wetlands, marshes, oases, rivers, and
lakes in Arab countries and to highlight the threats
to biodiversity and ecosystem sustainability. In
addition, Arab countries should invest more on
water monitoring networks.

More applied research should be conducted to
assess properly the vulnerability of water resources
to climate change in Arab countries and adaptation
measures should be developed informed by this
research. Mathematical characterization models
of freshwater resources should be developed to
help perform scenario analyses of the effect of
different policies and stresses (for instance climate
change, urbanization, and population growth).

The development of a comprehensive
information system is key for the integrated
management of water resources and its
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POLLUTION IN SHATT AL-ARAB

According to a report by the United Nations Office for the
Coordination of Humanitarian Affairs (OCHA), Shatt al-Arab,
which is formed by the confluence of the Tigris and Euphrates
rivers, in the southern Basra District in Irag, has become so
highly polluted that it could cause a break-out of epidemics and
diseases.

DrMalik Hassan , Director of the Basra University’s Oceanography
Center, points out that Shatt al-Arab has become critically polluted
due to the direct dumping of wastewater in the Tigris and the
Euphrates, as well as industrial waste, petroleum materials, and
arms scrap after the Iraq wars, especially the Iragi-lranian war
during the 1980s. Dr. Hassan added that the fact that the two
rivers were not dredged turned these remains info toxic materials.
The oxidation of old weapons and the reaction of industrial and
medical wastes generate toxics that remain active hundreds of
years and can permeate human bodies. This might increase cases
of cancer among inhabitants living by the river or whose livelihoods
depend on the river, not to mention increased infectious diseases
contracted from water, such as cholera.

Al-Bia Wal-Tanmia (Environment & Development) magazine

sustainability. For countries that share surface
or underground water resources, research
collaboration projects are effective for promoting
trust as well as ensuring sustainable use, resource
protection, and optimal management of these
shared freshwater resources. Proper management
of shared water resources requires therefore,
a knowledge base of technical, political, and
legal issues. To have systematically organized
and reliable information database on water
resources and water use would be an important
success factor. Funding can be attained through
the creation of a common fund for Arab water
security to finance necessary research.
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I. INTRODUCTION

Water scarcity is a critical constraint to agriculture,
which accounts for over 83% of water use in
the Arab region (IFAD, 2009). Water shortages
will be exacerbated over the coming years by
rising populations in the Arab region, but water
problems are made worse mainly as a product of
current water policies and strategies: reluctance to
rationalize water use among competing sectors,
poorly-targeted investments, low-performing
institutions, inadequate spending, deficiency
in trained water professionals, and weak water
governance (Molden et al., 2007).

According to a report by the International Fund
for Agricultural Development (IFAD), the
agricultural sector will have to contend with a
number of significant challenges. To begin with, it
will have to respond to the pressures of producing
more food, combating food and water insecurity,
and reducing Arab countries’ ballooning spending
on food imports, which has reached $28 billion in
2006 (IFAD, 2009). As the largest consumer of
water, the agricultural sector is under pressure to
redirect progressively more sizable amounts of its
share of clean water to satisfy the growing water
needs of domestic urban centers and industry. As
the largest employer in rural areas, the agriculture
sector will also have to respond to the demands
to combat poverty in rural areas and accelerate
the generation of new employment opportunities,
thus helping reduce rural migration of the young
to urban centers. In addition, 37 percent, or
47.6 million people, out of an economically
active population of 126 million, were engaged
in agriculture (in 2006) down from 47.8 percent
in the 1990s. More employment in the rural
areas could help reduce the influx of rural-urban
migration, respond to increasing market demand
and eventually reverse the decline of the sector’s
contribution to the GDP of Arab countries
(IFAD, 2009).

In responding to these demands, the sector must
also develop the capacity to adapt to decreased
precipitation, droughts, higher temperatures,
extreme weather events, and crop-threatening
variable weather conditions as a result of climate
change. In addition to addressing vulnerabilities
to climate change, it is now recognized that
agriculture is not only a fundamental human
activity at risk from climate change, it is a major

driver of environmental and climate change

itself (Abou-Hadid, 2009).

These dilemmas reveal that the agricultural sector
will be key to managing water resources in the Arab
region now and in the coming years. Undisputedly,
agricultural policies and strategies will be decisive in
addressing these growing pressures and associated
water problems. This paper presents an overview of
agricultural water management in Arab countries
and suggests changes in agricultural practices to
help the sector cope with the challenges mentioned
above.

1. AGRICULTURAL WATER SECTOR
REFORMS

a. Policy reforms

Until recently, the primary drivers of water policies
have focused on augmenting water supplies to
meet new rising demand, while neglecting to
develop regulatory policies to manage demand.
Subsidies to most irrigation water projects
to support agricultural production are still
common, and irrigation water is still offered at
well below the cost of service provision (AOAD,
1998). The need for new laws and policies to
regulate water use could not be more palpable in
the region. According to the Arab Organization



WATER DEMAND MANAGEMENT IN SYRIA

Adapted from: Advances in water supply management
(Salman and Mualla, 2003).

Syria is classified amongst the semi arid countries of the
Middle East. It had a population of 18 millionin 2002 (20
million in 2010) and its total renewable water resources
are estimated at 16 billion m? per year. In other words,
the per capita share of 889 md/year is less than the
water scarcity index of 1000 m3/person/year. Although
this would rank Syria amongst countries with moderate
water stress, it will be soon classified as a country with
severe water stress if its population continues to grow at
its current rate (of about 3%) and water use efficiency is
not increased effectively.

In Syria, agriculture consumes about 87% of the country’s
water. The domestic and industrial water use stand at
about 9% and 4% respectively. While urban water
demand is rapidly increasing due to a high population
growth rate and industrial expansion, new water sources
are becoming scarce and extremely expensive to develop.

The water deficit is expected to worsen, placing additional
stress on all uses. Since drinking water needs are given top
priority in the government’s policy, water availability for
agricultural use could face severe constraints. Agriculture
contributes about 32% to the country’s GDP and employs
nearly 31% of the workforce, with another 50% of the
manufacturing force dependent on it for employment. In
2000, the cultivated area in Syria was estimated at 5.5
million hectares, which accounts for about 30% of the
country’s total area. About 20% of the cultivated land
area (1.2 million hectares) is irrigated.

Until recently, emphasis has been put on the augmentation
of new water supplies to meet increasing water demands.
As new water sources have become increasingly
inaccessible and the cost of projects to augment water
supply has become very high, the emphasis has been
shifted to other alternatives of efficient use of water such
as the modernization of irrigation and the implementation
of water demand management.

for Agricultural Development (AOAD, 1998),
“adequate water demand management in the
agricultural sector necessitates the establishment
of a structure of incentives, regulations, and
restrictions that will help guide, influence, and
coordinate how farmers use efficiently water
in irrigation.” The abstraction of groundwater
for irrigation purposes needs to be controlled.
Inefficient water irrigation techniques need to
be curtailed and replaced with more efficient
technologies.  Adopting  wastewater  reuse
practices needs to be strictly regulated to protect
public health. Economic incentives for changing
cropping patterns or for modernizing irrigation
methods need to be reflected in any new
regulatory regime.

The need for an agricultural sectoral reform is
gradually resonating within government agencies
and institutions. Due to recent budgetary
scarcity, and
increasing water demand, some Arab countries are
moving towards reducing such subsidies in order
to generate enough revenues for operation and
maintenance (O&M) of the irrigated schemes,
reduce the burden on government budgets,
and, at the same time, create direct or indirect
incentives for farmers to invest in irrigation-saving
technologies and to cultivate low-water demand

constraints, increasing water

crops. Such sectoral concerns can be addressed
through a mix of institutional reforms, changes
in incentive structures, and technical innovations.
Economic instruments such as rebates, reduced
taxes, targeted subsidies, price signals, and other
economic incentives are examples of fiscal measures
that have proved to be effective.

Water policies, institutions, laws, and strategies
have been subjected to changes, revisions, and
amendments throughout the region. However,
the enforcement of laws through participatory
regulation and transparency in decision-making
is yet a weak link in the chain of water policy
reforms (InWEnt, 2008). Similarly, Kandil et
al. (2002) have asserted that “it also is necessary
to enhance enforcement of existing water-related
laws to reduce continued transgression.” Any new
or amended water legislation must also attend to
questions of social equity. In many settings in the
Arab region, the rural poor with limited or no
access to groundwater have been losers and it is
only those who are rich enough to own and pump
progressively deeper wells that have been able to
capture the benefits (FAO, 2010). Furthermore,
there is growing evidence that gender inequities are
being reduced in several Arab countries. However,
women often have limited power over the decision-
making process and limited access to natural
resources.



A SAUDI PLAN FOR SHIFTING TO WATER-EFFICIENT CULTIVATION

The Saudi Government embarked on a new plan for
compensating farmers for shifting to the cultivation of
crops that require less quantities of water. Abdullah al-
Rubay’an, Chairman of the Agricultural Development
Fund (ADF), said that the basic target of the sustainable
agriculture strategy is to scale down water consumption
to 50% of the present volume. Al-Rubay’an added that
the plan presupposes the relinquishment of planting
green fodder used in the Kingdom as livestock feed.

Agriculture accounts for 85% of Saudi Arabia’s water
consumption, i.e. nearly 17.5 billion cubic meters
(BCM) mostly sourced from groundwater extraction
and desalination industries that are highly subsidized by
the state. Al-Rubay’an also asserted that green fodder
cultivation consumes some 6 BCM of water every year.

The Government recently started reducing 12.5% of the
annual wheat production, thus discontinuing a wheat
plantation project that lasted 30 years and achieved total
self-sufficiency, but drained the country’s groundwater
resources. Wheat cultivation, according to al-Rubay’an,
consumes 4 BCM of water per year.

The new plan aims at achieving optimum benefits from
the huge amounts paid by the Government as annual
farmer subsidies to support the Kingdom’s agricultural
sector. “Eighty percent of the Government’s agriculture
subsidies go to livestock breeding, yet this sector’s
productivity is modest”, explained al-Rubay’an, adding
that Saudi Arabia is still a major importer of red meats
since the annual local production is 160 thousand tons
from 12 million heads of caftle. “The Kingdom is facing
a great challenge, that is water supply.” He went further
to emphasize that, under the new plan, entitlement for
Government subsidies supervised by ADF shall be based
on supporting least water consuming crops.

The drop in local green fodder yield shall be offset by
increasing the volume of green fodder imports, such as
maize, soybean and barley. The Minister of Agriculture
pointed out that Saudi Arabia is the world’s largest
barley importer, with an annual import total of 7.5
million tons that account for approximately 60% of the
global barley trade.

The sustainable agriculture plan is scheduled for
five years, and also targets the development of the
distribution chain and promotion of organic crop
agriculture.

There is a new Saudi drive focusing on agricultural
investments in various countries such as Turkey, Sudan,
the Philippines, Ethiopia, Ukraine, Egypt, Pakistan,
India, Indonesia and Thailand.

On the other hand, Saudi markets are, nowadays,
the scene of keen competition among importers of
rice, being the Kingdom'’s leading imported foodstuff.
Records show that Saudi Arabia accounts for 4.3% of
the global rice consumption, amounting to more than
700,000 tons per year, worth some 3 Billion Riyals
(equivalent to $800 Million).

A Ministry of Economy and Planning report found out
that the average Saudi per capita consumption of rice
was 43 kg per year.

However, following negotiations with a delegation from
the Saudi Ministry of Trade and Industry, the Philippines
had agreed to allocate an area of 100,000 hectares
in Mindanao Island for the cultivation of rice and other
grains, to be funded by Saudi investments, provided that
the crop yield shall be solely used by Saudi Arabia.
Al-Bia Wal-Tanmia (Environment & Development) magazine

b. Institutional reforms

While policy reform requires new or amended
legislation to bring it about and to provide tools
for compliance, it also requires institutional
reforms. Institutional transformation should affect
organizational structure, coordination mechanisms,
accountability, transparency, public involvement,
clarity of roles and responsibilities, professional
According
to Appelgren (1998), “greater engagement of
stakeholders in the oversight and management of

training, and water governance.

water resources will increase commitment to, and
compliance with, new policies and legislation.”

Opver the past decade, increased awareness of the
need for institutional reform has prompted many
Arab countries to undergo institutional changes
in their agricultural sectors as well as in the
water sector in general. For example, Sudan has
established an independent agency to address water
pricing policies and regulations.

In their macro-economic assessment of water and



agricultural sectoral policies related to reform issues
in Arab countries, Abdou and Ahmad (1998)
observed that institutional reform is an integral
component of any integrated investment strategy
for water development and the sustainable growth
of agriculture. There is a number of viable options,
ranging from institutional reforms involving
managerial and organizational restructuring, to
decentralization of responsibilities, and to creation
of public utility based on the concept of a complete
transfer of irrigation delivery to the private sector
and farmers’ associations. There seems to be greater
awareness of the value of farmers’ participation in
the designand implementation of water distribution
at the farm level in the Near East.

One option considered by a number of countries in
the region is that of creating water users’ associations
(WUA) to increase the welfare of farmers and
develop irrigation and drainage by providing an
alternative to the monopoly of public utilities.
According to Abdou and Ahmad, (1998), “in the
Near East region, Morocco and Tunisia have been
among the first to include farmers participation in
water distribution.”

As governments divest themselves from certain
functions, due considerations should be given to
strengthen the new role of government in managing
the water subsector. The new role of government,
while not involving extensive intervention in
production and physical distribution of activities,
is becoming more important and more challenging.
In that regard, experience in the region indicates the
need to coordinate and streamline responsibilities
among the several institutions and agencies
responsible for water-related planning and policies
within each country. Also, enhancing the efficiency
of government’s role in managing the water sector
may dictate the need to increase the allocation of
direct investment in developing and maintaining
the irrigation system and reducing the huge
expenditure typically allocated to cover the costs
of the inflated state administration. Water policy
reform should include the necessary institutional

reform (Abdou and Ahmad, 1998).

Egypt has recently adopted participatory approaches
for managing irrigation water use, with the technical
support of international development agencies. The
following programs have been initiated:

1. Formation of water user associations (WUA)

at the mesqa level;

2. Formation of branch canal water user
associations (BCWUAs);
3. Formation of WUAs for groundwater

management in the Western Desert;

4.  Martching irrigation water deliveries with
water demand by crop;

5. Substituting short-duration for long-duration

rice varieties;

Increased sugarcane irrigation efficiency;

7. Transidon from water level-based to volume-
based irrigation water management; and

8. Increasing the intermediate reuse of
agricultural drainage water.

o

To get these programs off the ground, intensive
training and capacity building activities have
been conducted for staffs at the Ministry of Water
Resources and Irrigation (MWRI) and the Ministry
of Agriculture and Land Reclamation (MALR) as
well as for WUAs board members.

I1l. INVESTING IN THE IMPROVEMENT
AND MODERNIZATION OF IRRIGATION
SYSTEMS

Developing new sources of water supply to meet
rising demand is becoming enormously difficult.
Increasingly, there are mounting demands for the
agricultural sector to reduce the pressure on water
use and even utilize marginal water quality for crop
irrigation. That leaves the sector with a critical
strategic policy thrust: quickening the pace of
adopting water demand management in the sector
and facilitating this shift through innovative new
policies, capacity building, research, and training,
Agricultural water demand management must
become a priority for policy-makers and water
managers.

In 1998, the Arab Organization for Agricultural
Development (AOAD) has outlined strategies for
agricultural water management in Arab countries.
It argued that the introduction of irrigation charges
is an important prerequisite to good management of
irrigation demand because it is noticed that despite
the observed water shortages, misuse of water in
agriculture is widespread in the current irrigation
management practices. This is due mainly to the
failure in the past to recognize the economic value
of water and the real cost of providing its services.
It is therefore now accepted that managing water



as an economic commodity is an important tool in
achieving efficient and equitable water use as well
as encouraging the conservation and protection of
scarce water resources. Yet for many Arab states it
is difficult to reconcile the concept of water as an
economic commodity with the traditional belief of
water as a basic necessity and human right.

In addition, opportunities for improving
management of irrigation water demand may be
pursued through better systems of on-farm water
management, and should focus on reducing
irrigadon water distribution losses, changing
cropping patterns, improving irrigation scheduling,
and adopting irrigation-efficient technologies.

Water losses in irrigation in most of the Arab
region are very substantial and irrigation efficiency
can be improved from its current low level of
30-45% by implementing well-operated lined or

WATER DEMAND MANAGEMENT IN EGYPT

Adapted from: A demand driven design for irrigation in Egypt
(Baietti and Abdel-Dayem, 2008).

Since the late 1960s, with the support of the government, Egyptian
farmers have been reclaiming desert land to compensate for the
loss of agricultural land in the Nile Delta to urban uses. One
of those areas of land reclamation is the West Delta region,
consisting of about 255,000 feddans (1 feddan is 0.42ha) on the
fringes of the Nile Delta. Through the exploitation of groundwater
resources, the area has developed into a flourishing agricultural
economy since the early 1990s.

Today the area contributes $300-500 million to the Egyptian
economy annually, providing high-value fruits and vegetables
to the domestic market and to export markets in the European
Union. Moreover, the area is now home to 500,000 people
and provides 250,000 jobs in the agricultural sector alone.
But the rapid development has led to excessive exploitation of
groundwater reserves. Groundwater pumping has gone deeper
and become costlier as water quality has eroded.

Concerns about the collapse of this thriving agricultural
economy prompted the government o introduce a surface water
irrigation project that would replace groundwater pumping.
The government has also taken advantage of the opportunity
to adopt a bold set of reforms in the sector—part of a new
approach to irrigation projects founded on full cost recovery,
volumetric pricing, formalization of water entitlements, and
private participation in financing and management.

piped conveyance systems and the application of
modern irrigation technologies and improving
the conventional surface irrigation methods. It is
quite evident that using systems such as sprinkler
and drip in some Arab countries has reduced water
losses considerably, for example in Morocco and
Jordan, where the rise in irrigation efficiency levels
to about 70% is attributed mainly to the adoption
of these two techniques (AOAD, 1998).

The application of drip irrigation in most parts of
the Arab region has proved to reduce water losses
and increase agricultural productivity; for instance,
its application in the Jordan Valley to irrigate
60% of the area has increased average yields of
vegetables and doubled fruit yields. In Syria, drip
irrigation techniques are applied on less than 1%
of the total irrigated area, but they have a potential
for reducing water losses by 45%, while sprinkler
techniques could reduce losses by 20% only. In
Egypt, sprinkler irrigation does not exceed 27% of
the total irrigated area. In Morocco and Tunisia it
covers some 16% and 11% respectively.

In addition to their potential for increasing water use
efficiency, drip and sprinkler irrigation technologies
can also provide opportunities to cultivate low
quality lands, sandy and rocky soils, and enable
some countries with limited water resources to
change cropping patterns by shifting from high-
water-consuming, low-value crops to low-water-

consuming, high-value crops (AOAD, 1998).

The primary impediments to introducing more
efficient irrigation technologies in Arab countries
include the high purchase price, high operation
and maintenance costs, lack of a reliable supply
chain of equipment, parts, and maintenance
services, and shortages in skilled and trained
professionals. Among other strategies, modern
irrigation techniques need to be carefully selected
and adapted to the local physical, agronomic and
socio-economic environment, as well as to the
technical and managerial skills of local farmers.
Upgrading existing irrigation schemes should in
most cases be preceded by pilot trials for alternative
design concepts. Costly improved technologies can
only be justified if their agronomic and economic
potential is fully exploited.

Similarly, improved irrigation scheduling both at
the system and the farm levels needs to be given
high priority to ensure that, within the constraints



of system design and management capabilities,
optimum crop water requirements are met with
minimumwaterlosseswhileavoidingsoilsalinization
and waterlogging. In many parts of the world,
application of irrigation scheduling in response to
soil moisture measurements in association with the
adoption of modern irrigation systems has resulted
in reducing irrigation rates while at the same time
productivity has increased. Such systems have the
potential for significant irrigation water savings at
relatively reasonable cost. Their introduction in the
Arab region is still very limited except in a few cases
in the Gulf states, where they are combined with
centre pivots for wheat production and have proved
successful (AOAD, 1998).

In most of the Arab region there is stll a lack
of economic and fiscal incentives for irrigation
improvement. Hence high priority should be
given to improved management of irrigation water
demand by encouraging farmers to invest in water-
saving technologies and to cultivate crops with low
water demand. Economic incentives based upon
cost recovery of irrigation water supply may play
a major role in improving irrigation water demand
by persuading farmers to go for optimum demands.
The selection of a cost recovery mechanism suitable
for the different individual Arab states is influenced
by a number of factors, such as sectoral use, level of
subsidies, irrigation water conservation, ability to
pay, and rural social welfare. The dual objective of
generating income and encouraging irrigation water
efficiency through a cost recovery policy would

inevitably require designing innovative approaches
with the strong participation of farmers.

Regulation and restrictions can be used as
instruments to manage irrigation water demand.
For instance, rationing and rotational deliveries
can achieve good control of irrigation demand
and should be used during droughts and where
irrigation demand exceeds the physical capacity
of the irrigation systems. The application of such
restrictions would result in considerable irrigation
water savings, especially during drought periods.
Another effective instrument for encouraging
changes in irrigation water demand patterns
includes fiscal incentives such as rebates and tax
reductions for acquiring irrigation water-saving

technologies (AOAD, 1998).
a. Investing in groundwater irrigation

Improvements in pumping technologies have
enabled farmers to rely on groundwater as an
exclusive source of water or to supplement surface
or rain water. There are many benefits to investing
in groundwater irrigation. It permits farmers to
control when they irrigate their plots. Crop yields per
cubic feet are up to three times as high when using
groundwater irrigation relative to surface water,
according to a World Bank report on the future
of water in agriculture. In addition, “groundwater
investment, particularly in lower-cost shallow wells,
can have poverty reduction impacts, providing
improved water supply for domestic use as well as



for gardens and crops” (World Bank, 2005). The
report further asserts that the biggest problems are
over-abstraction and water-quality deterioration.

In many Arab countries, the rate of groundwater
exhaustion is disturbing, so much so that further
pumping is becoming less cost-effective. According
to the Islamic Educational, Scientific, and Cultural
Organization (ISESCO, 1997), mismanagement
of groundwater resources have caused a drop in the
water table (from 150 meters in the 1980s to 400
meters in the late 1990s) in the northern region
of the United Arab Emirates, soil salinization in
Oman (caused by thousands of diesel-operated
tube wells), and overexploitation of non-renewable

WATER DRAINAGE IN EGYPT

Adapted from: Alleviating the environmental impact of
agricultural water development (FAO, 2003) and Water Profile
of Egypt (FAO, 2010).

In Egypt, an extensive National Drainage Program has been
developed over the last four decades to control water-logging
and salinity. In 2003, slightly over 3 million hectares (ha) of
the total irrigated area were drained, of which about 2.2
million ha with sub-surface drainage. The sub-surface drained
area represents more than 65% of the total cultivated area.
Drainage water from agricultural areas on both sides of the
Nile Valley is returned to the Nile River or main irrigation canals
in Upper Egypt and in the southern Delta. Drainage water in
the Delta is either pumped back into irrigation canals for reuse
or pumped info the northern lakes or the Mediterranean Sea

(FAO, 2010).

Egypt’s drainage program is one of the largest water
management interventions in the world. The total investment
amounts to about US$1000 million. Since the installation of
the drainage systems, yields have increased and there has
been a substantial improvement in salinity-affected lands

(FAO, 2003).

The reuse of treated municipal and industrial wastewater
in irrigated agriculture is widespread. In general, many
of the treatment plants in developing countries, including
Egypt, operate below design capacity, which contributes to
the discharge of less-treated wastewater info irrigation and
drainage canals. Evidence of uptake of trace elements, such
as cadmium, by soils and in crops has been reported at levels
that are harmful to human health. Thus, some of the drainage
water is unfit for reuse, not because of its high salt content but
because of its pollution load (FAO, 2003).

groundwater resources in Kufrah, Libya, and the
New Valley in Egypt. Where restrictions to wells
drilling exist, such as in the Sana'a basin, they are
not enforced. There “it is estimated that over 2,500
wells are depleting the aquifers” ISESCO, 1997).

Over-extraction is driven by free access to
groundwater, inappropriate technology, fuel or
electric power subsidies, easy credit, and irrational
pricing, resulting in inefficient use of groundwater
resources. Therefore, an appropriate price policy
would require that, in the long run, marginal
opportunity cost be able to ascertain the inter-
generational value of groundwater depletion, a
value which would take into account the direct
cost of resource use, its user cost, and inter-
sectorial cost (ISESCO, 1997). Imposing taxes
and assigning water rights are additional reform
measures available to Arab governments to reduce
over-abstraction and halt further deterioration in
groundwater quantity and quality.

b. Investing in Water Drainage

Reuse of treated wastewater and agricultural
drainage recycling provide opportunities for
targeted crop production in some Arab countries.
However, this has to be supplemented with the
introduction of effective measures to ensure
product safety, strict quality standards, and treated
water reuse guidelines. Wastewater reuse is of
tremendous potential importance for the region.
It can serve as an additional supply for irrigated
farming and groundwater injection, thereby
reducing groundwater overdraws that plague many
MENA countries. Fortunately, many countries
(e.g., Jordan, Morocco, Oman, and Yemen) have
in place legal provisions to regulate the handling,
and in particular, the reuse of wastewater.

Intermediate reuse of drainage water is practiced on
a very large scale in Egypt, where 5,000 million m3
of agricultural drainage water (equivalent to 10% of
the total water resources) are reused annually after
mixing with freshwater. Reuse of drainage water

is practiced on a more limited scale in Iraq, Saudi
Arabia, and Syria (World Water Forum, 2006).

c. Investing in water management
techniques in rain-fed areas

Rain-fed agriculture is pervasive in many Arab
countries. More than halfofall arable land in Algeria,



WATER HARVESTING TECHNIQUES

Adapted from: Water Harvesting Techniques in the Arab region (Zaki et al., 2006)

A survey of traditional water harvesting systems has
revealed that the following systems are used in the Arab
region:

Terracing: Terracing is widely used in Yemen as an
effective water conservation technique. Moreover,
it is successfully used for rainfall utilization and soil
conservation in the mountainous areas of southwestern
Saudi Arabia and Oman. In the Arab region, there are
a number of terracing systems such as weir terraces
across narrow wadis, barrage terraces, linear dry field
terraces, and stair terraces. Rain-Fed agriculture is
practiced on terraces in many communities in Yemen,
where more than 1.5 million hectares have been
regularly cultivated.

Spate lIrrigation (flood irrigation): It mainly counts
on water spreading where flood water is diverted from
the wadi course to an immediately adjacent cultivated
area. Spate irrigation is practiced in Sudan, Yemen,
Oman, United Arab Emirates, Tunisia, Algeria, and
Saudi Arabia. Agricultural land is graded and divided
into basins to allow enough water to be stored for the
season. Therefore, soils should be deep with sufficient
water holding capacity. In large wadis with high
discharges, temporary earthen dams are built in order
to retard the flow of the first wave of flood.

Meskat: The Meskat System is an ancient method
employed in harvesting rainwater, particularly in Tunisia,
Morocco, and the north west of Libya. The Meskat is
simply a piece of flat land with a mild slope (3 to 6%)
with few or no drainage channels. The land is prepared
for rainwater harvesting and then water is directed
to another piece of land of half its area and located
directly below, which is called the collector where crops
are planted. At present, the state of these Meskats have
been deteriorating because of infensive agricultural
development since the middle of the century.

Dams and Reservoirs: Dams of various sizes have been
constructed in most Arab countries for water storage (for
irrigation), flood control, and groundwater recharge.
Most of the dams built in Saudi Arabia, the United Arab
Emirates, and Oman are used for recharging depleted
aquifers. Few large dams in Egypt, Saudi Arabia,
Tunisia, Sudan, and Jordan have multiple purposes.
Dams are built either at the head of catchments in
mountainous regions or in the downstream portions
of catchments as in Saudi Arabia, Sudan, Egypt,
Tunisia, Jordan, Yemen, the United Arab Emirates, and
Oman. Due to flat topography and limited runoff in
the remaining countries of Bahrain, Kuwait, Qatar,
and parts of Sudan, small diversion structures are used
instead of dams to create detention basins.

Iraq, Jordan, Lebanon, Libya, Mauritania, Morocco,
Sudan, Syria, Tunisia, and Yemen is dependent on
rainwater (World Bank, 2009b). According to the
same report, in the Maghreb, Sudan, and Yemen,
at least 80 percent of cereal production is rain-fed,
and in the Mashreq, from one-half to two-thirds of
cereal production is rain-fed.

Rainwater harvesting systems play a significant
role in enabling rain-fed agriculture in many parts
of the Arab region. Harvesting structures capture,
divert, and store rainwater or runoff water for later
use. They are also used to rehabilitate rangelands
and protect soil from erosion (Zaki, 2006; Droubi,
2006). Water harvesting systems have existed in the
Arab region for 9000 years (Zaki, 20006), a testimony
to the region’s ability to adapt to water scarcity and
aridity conditions. Zaki (2006) has classified water
harvesting techniques practiced in the Arab region
into two categories: (a) Water harvesting and storage

systems (e.g., cisterns, small dams, Hafirs, Ghadirs),
and (b) Water harvesting and spreading systems
(e.g., terraces, water spreading dykes, Miskats,
irrigation diversion dams). A description of some
water harvesting techniques is presented in box 4.

Climate change poses real risks to rain-fed
agriculture in Arab countries. According to the
World Bank (2009a), climate change will induce
declining availability, more uncertainty and
variability, and declining quality, adding to the
strain of imbalance between water supply and
demand. Average yearly rainfall is predicted to fall
by 10% in the next 50 years according to climate
change models (World Bank, 2009b). As a result,
rain-fed yields will fluctuate over time and average
yields will take a downward trend, decreasing by 20
percent in Arab countries as a whole and by almost
40 percent in Algeria and Morocco (World Bank,
2009b).



IV. SALINE WATER USE IN AGRICULTURE

Salinity problems are most pronounced in arid and
semi-arid regions because of insufficient annual
rainfall to flush accumulated salts from the crop
root zone. In such regions, there is an urgent
need to use saline water for irrigation because of
the limited water resources. The success of using
saline water for economic crop production can
be achieved by adhering to the best management
practices to reduce the negative effects of salinity
on crop productivity. In addition, introduction and
cultivation of new crops and new varieties tolerant
to salinity would be required.

The methods and experiences of using saline water
for crop irrigation vary among countries in the
Near East and North Africa region. For example, in
Tunisia saline water is used to irrigate different crops,
particularly fruit trees (such as olives, pistachio, and
pomegranate), with positive results on growth and
productivity (Abou-Hadid, 2000). Saline water has
been tested in the arid lands of Jordan for production
of crops such as barely and onion. Studies have
documented the best water management system
for the use of saline water for irrigation in Jordan
(Fardos et al., 1998). The use of saline water for
irrigation and reclamation of desert and arid lands is
a priority in several Gulf countries.

In Egypt, studies have focused on the analysis of
results of agricultural production under saline
irrigation conditions for different crops (wheat,
batley, rice, cotton, sunflower, soybean, legume
crops, sugar beet, tomato, cucumber, strawberry,
leafy vegetables, and fruit trees). Studies in Egypt
have focused on breeding for salt tolerance
(especially in wheat) and application of suitable
irrigadion systems (Abou-Hadid, 1998). Several
studies have been conducted in different sites in
Algeria in order to identify the best approach for
crop production under saline soil conditions. Salt
distribution in the soil was estimated at different

soil depths using satellite-based techniques
(Bahloly, 1998).

In Iraq, saline water has been used in agriculture
for a long time in different areas where rainfall is
low. In such areas well waters are very saline, thus
negatively affecting crops and soil properties. The
crops grown under these conditions include tomaro,
onion, garlic, cucumber, and fruit trees such as pear,
apricot, apple, grape, olive, and pomegranate. The

soils were negatively affected by long-term use of
saline water for irrigation and growers were forced
to move to other soils as high salt concentrations

accumulated (Saleh and Hassan, 1998).

V. ASSESSING THE SOCIAL, ECONOMIC,
AND ENVIRONMENTAL EFFECTS OF
AGRICULTURAL WATER INVESTMENTS

a. Social effects of agricultural water
investments

Equitable access to and allocation of water should
draw the attenton of policy-makers in Arab
countries. Poorly targeted agricultural investments
will exacerbate an already stressed situation, but
they may also drive social instability. A paper about
water scarcity and conflict in Yemen in a World
Bank (2009a) report argues that “the process of
‘resource capture’ involved in uncontrolled drilling
and extraction of groundwater and in the ‘race to
the bottom’ of the aquifer has led to the economic
marginalization of those unable to compete in
power and money. Small farmers, poor downstream
communities, and women and children bear the
brunt of scarcity.”

There are multiple reports of communities and
villages abandoning their farms and livestock
because they have lost their ability to adapt to
continued water stress driven by low levels of
ground water, droughts, pollution, salinization,

and/or conflicts (World Bank, 2009a).

b. Economic effects of agricultural water
investments

Droubi (2009) has argued that current investment
patterns in agriculture and irrigation water in
many Arab countries are difficult to rationalize. He
asserts that “farmers in the Arab region use water
from publicly funded irrigation networks to grow
low-value crops, often with low yields, rather than
specializing in high value crops”, thus compromising
potential value-adding opportunities. In addition
to changing cropping patterns towards high-value,
low-water-consuming  plant varieties, Droubi
(2009) has called for a new political economy of
watert, in which some water would be diverted from
agricultural use into more economically productive
applications or where irrigation water efficiency
would be increased.



Sadik and Barghouti (1997) have argued that if
irrigation efficiency can be improved to 70-80%
from its current 50% ratio, the recovered water
can be used to satisfy the increasing demand for

drinking water or it can be diverted to irrigate
50% more land.

It has been suggested that assigning water access
rights to users may facilitate water trading, which
would ensure water supply gets assigned to the
highest-economic use. This would shift the focus
to cropping patterns that have the highest yield
and command high prices. Droubi (2009) asserts
that “doing so will allow [Arab] countries to import
basic food products, and at the same time to
guarantee the availability of the necessary funding
for such import in a sustainable manner.”

c. Environmental effects of agricultural
water investments

A report by the Food and Agricultural Organization
(FAO, 2003) of the United Nations poses a question
about “what constitutes success in agricultural
production if large yield increases come at the cost
of environmental and health problems.” Simantov
(1989) rephrases the question by indicating that an

ARAB ENVIRONMENT: WATER

important trade-off will be between a maximum
utilization of existing water — entailing in some cases
its degradation — and a more rational utilization of
water — preserving its quality for the future and not
necessitating expensive recycling operations. The
adverse environmental effects of agricultural water
development are linked to perverse incentives and
management practices that contribute to wasteful
utilization of water, increases in salinity of water
and soil, toxic pollution from use of agro-chemicals,
damming of rivers, and the loss of biodiversity
associated with wetlands destruction. Degradation
to assets comprise not only the natural resources of
soil and water per se but also nutrient cycling and
fixation, soil formation, biological control, carbon
sequestration and pollination (FAO, 2003).

Duffy (2002) has argued that often there is no
provision for environmental impact assessment
and monitoring of agricultural practices in general
and water management practices in particular.
According to FAO (2003), environmental impact
assessment (EIA) is usually applied to physical
project planning (e.g., dams, roads, pipelines,
and industries), but seldom to farm practices
and rural development projects. As a result,
inadequate planning and inappropriate land-use



DESERTIFICATION AND WATER RESOURCES MANAGEMENT IN THE ARAB WORLD

Abdallah Droubi

Desertification, as defined by the United Nations
Convention to Combat Desertification (UNCCD), is “land
degradation in arid, semi arid and semi-humid arid areas
resulting from human activities and climate change”. So
desertification, by definition, is related to human activities
which are among the major causes of land degradation.
Such activities and changes account for the reduction of
productive lands and consequently land yields. As water and
land constitute the base of any agricultural development
efforts, the mismanagement of either or both will lead to
land degradation and subsequently desertification.

The Arab region, which covers an area of about 14.1
million km? extending mostly (90%) over arid and semi arid
areas, is considered fo be a very fragile ecological system
that is highly vulnerable to desertification. Recent studies
indicate that about 64% of the Arab region has already
desertified (ACSAD, 2007).

Prevailing climatic conditions in the Arab region are
the basic cause of increased desertification. Low
rainfalls lead to the scarcity of available renewable
water resources. The disproportionate seasonal and
geographic distribution of rainfall pushes pastures to
new areas. This situation creates additional pressure on
those lands leading to overgrazing and consequently
degradation, which makes such lands prone to
desertification. Climate change, manifested mainly by
increased drought frequency, has contributed to the
decline of rainfall for several successive years as was the

case in Syria during 2006, 2007 and 2008.

Such drought has led to a dramatic reduction in rain-
fed cereal production which almost dropped to zero, and
these areas became more vulnerable to desertification.
The consequences of such droughts have been evident
by the recurrence of sandstorms that hit in summer 2009
the Syrian cities bordering the Syrian steppe such as Deir
Elzour and Raga, even reaching the capital Damascus.
The drought that struck those regions has forced the local
population to migrate to more climate-stable areas,
which has increased pressure on the natural resources
and threatened the stability of those areas. One of the
major indicators of climate change is also the increase of
rainstorms leading to devastating floods that cause soil
erosion and land desertification. Many examples of these
events exist such as the floods that recently occurred in
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Saudi Arabia, UAE, Morocco, Algeria and Tunisia.

The Arab region has witnessed, during the last three
decades, an accelerated developmental boom, which was
mainly concentrated on horizontal agricultural development
for meeting increasing food demand as a result of high
population growth rates, estimated at 2%. Agriculture
policies adopted by most Arab countries, during the 1980s
and 1990s, under the topic of national food security,
played an effective role in promoting the expansion of
horizontal agriculture, introduction of new arable areas and
extension of irrigated cultivation. A change from traditional
agricultural systems to new systems was adopted by farmers,
on the pretext that traditional systems are insufficient for
meeting the increasing food demand (change from rain-
fed to irrigated cultivation and the cultivation of new crops
unsuitable for the type of soil). For example, the irrigated
lands have increased in Syria from 0.65 million hectares
in 1985, to about 1.4 million hectares in 2004 (IFAD,
2004). This increase impaired land productivity and soil
renovation capacity. The situation has also aggravated
pressures on those lands, threatened their environmental
sustainability and widened the risk of desertification.
In addition, these agriculture policies, coupled with
sedentary policies adopted by most Arab countries for
settling nomads in their respective regions, have led to a
change in the social systems of these populations. Thus the
population in arid and semi-arid areas that depended on
limited pastures for their livelihood, progressively turned
to agriculture, especially irrigated cultivation, without
having any experience in this field and even without any
government assistance in rehabilitation. This led to the
mismanagement of soil, water and vegetation cover,
and caused increased deforestation for the purpose of
creating more arable lands, leading to the degradation
of vegetation cover and soil, and consequently increased
vulnerability to desertification.



This agricultural expansion was based on irrigation using
mainly groundwater, due to the scarcity of surface water
in the Arab region, which caused the depletion of these
resources. The quantity of water used in agriculture in
the Arab region is almost 88% of the total utilized water

(ACSAD, 2009; UNEP 2010).

Flood irrigation is nowadays the principal system used
in the region; it is used in almost 80.3% of the overall
irrigated areas. Sprinkler irrigation is used in about
22.8% and drip irrigation in 2.8% (UNEP 2010). The
total volume of water used for irrigation has increased,
from about 160 billion m3in 1995, to about 200 billion
m?® in 2003 (CEDARE, AWC, 2004, FAOSTAT, 2008). For
example, agriculture subsidies for boreholes and energy
in the Arabian Gulf countries and other production inputs,
including agricultural subsidies and protection programs,
and in the absence of any regulations for the extraction of
groundwater, have increased the irrigated areas by 300%
and caused the depletion of groundwater (UNEP 2010).

It is worth mentioning that the great extension in irrigation
in Saudi Arabia has increased the volume of water used
in agriculture threefold, from 7.4 billion m® in 1980 to
20.2 billion m® in 1994, before measures were taken
to impede the widespread system of subsidies for crops
such as wheat.

The fast unbalanced expansion of agriculture, the use
of inadequate irrigation systems and the irrationalized
utilization of water resources have led to over-exploitation
of groundwater and even to the degradation of arable
lands due to salinization and water logging

The saline soil in Syria and Egypt is estimated at about
45% and 50% of total irrigated areas, respectively
(ACSAD, 2009). This situation has pushed the local
population to abandon their lands due to the exhaustion
of water resources, which further spread desertification.
Undeveloped and thin soil characterizes the arid and
semi arid areas, making them very fragile to any external
intervention, mainly plowing (ACSAD, 2009), and more
vulnerable to desertification (for example, the lands
threatened by partial or total desertification in Algeria
are about 44% of the 9 million hectares of cultivated
areas). Algeria is losing around 7,000 hectares of land
per year due to desertification. This resulted mainly from
the change in agricultural systems, from traditional to
modern, including irrationalized use of water and land.
The change was mainly from the pastoral system which

was considered as a means of survival for local population
to the large-scale breeding of cattle for commercial
purposes by wealthy investors living in urban areas and
seeking to supply the growing demand in the meat market
(Arab Human Development Report, 2009).

Abandoning agricultural lands due to shortage of water,
salinization, and aridity increases land fragility and ability
to resist wind and water erosion, and consequently leads
to degradation and further desertification. In Morocco,
for example, water erosion threatens about 12.5 Million
hectares of arable lands and grasslands (the loss in soil
as a result of water erosion is estimated at 20 t/ha). In
Tunisia, about 60% of arable lands is also threatened by
water erosion (water erosion is estimated at 9 million 1/y).
In Jordan, the loss of soil by water erosion is 200 t/y
(ACSAD, 2009). In Yemen the lands threatened by water
erosion increased from 5.5 million hectares in 1992, to
about 12 million hectares in 2000.

Finally, it is important to mention that potable water
demand in the Arab region will increase due to
population growth and development of urban areas. In
1975, nearly 35% of the Arab population lived in urban
areas; this increased to 55% in 2005 and is expected to
exceed 60% in 2020 (Arab Human Development Report
2009). This will certainly reduce quantities of water
available for agriculture and will lead to a reduction
in cultivated lands, ultimately increasing the possibility
of desertification. Adequate measures are desperately
needed for overcoming natural water shortages including
the widespread use of treated water for irrigation and
taking effective actions for combating desertification.

Dr. Abdallah Droubi is Director of Water Resources Management, Arab
Centre for the Studies of Arid Zones and Drylands (ACSAD), Damascus
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practices have persisted. In many areas, soil, land,
and water resources are used inefficiently or are
degraded, while poverty and income disparities
grow. The FAO report further recommends that
EIA policies for agricultural projects “should
include transfer of the necessary knowledge to
the rural poor, through agricultural extension
services, so that they can participate in the
environmental assessment of agricultural water
resource management and project planning.
Duffy (2002) assets that “the linkage between
poverty alleviation and environmental protection
and biodiversity conservation makes it evident
that investments and improved practices that
are environmentally positive can yield enormous
long-term benefits. Indeed, this is the main
rationale for environmental impact alleviation.”
In fact, programs exist today designed to
compensate farmers for managing their farms in
an environmentally sustainably manner through
soil conservation, safeguarding environmental
services, and restoring and protecting water
ecosystems (e.g., wetlands). According to IFAD
(2009), paid environmental or watershed services
are increasingly recognized as a potential source
of additional income for the rural poor. However,
ecosystem services valuation is still at its infancy
and the institutional mechanisms for scaling up
and implementation are still being debated by a
wide array of stakeholders.

VI. INTERACTION BETWEEN
AGRICULTURAL AND
NON-AGRICULTURAL WATER USES

Droubi (2009) has argued that water policy
reforms in Arab countries have not had satisfactory
results because of the strong influence exerted by
policies formulated for trade, finance, energy,
land use planning, urbanization, and social
safety net programs. The arenas for debating and
formulating these policies occur outside water
institutions. Droubi (2009) makes the point that
cropping choices are a key determinant of water
use in agriculture and they are affected far more by
the price the farmer can get for those crops than by
the price of irrigation services, which is typically
a very small share of a farmer’s costs. The price of
agricultural commodities is, in turn, determined
by a range of non-water policies such as trade,
transport, land, and finance. Therefore, desired
water policy outcomes will only be sustainable

when all water users are able to communicate,
coordinate, and plan strategically. Because it
accounts for 85% of water use in Arab countries,
the agricultural water should begin to adapt to
increased competition for scare water resources.
Simantov (1989) has also argued that water, as
much as other socio-structural factors, ultimately
determines the relative size of the various economic
sectors in a country: it is an important element
in the trade-offs between agriculture and non-
agricultural sectors.

To give an example of the need for changing
agricultural water use patterns, Simantov (1989)
points out that water will become the main point
of interaction between agricultural policies and
those for the protection of the environment. This
will give rise to the need to preserve the quality of
water but also to the need to recycle water and to
improve its quality. This interaction would create
a win-win situation for maintaining the health of
water ecosystems while preserving the long-term

ability to grow food.

Vil. CONCLUSION
AND RECOMMENDATIONS

The Arab region is located in an arid and semi-arid
zone where a mixed pattern of irrigated and rain-
fed agriculture exists. Therefore, the challenges are
great and require new approaches to achieve the
efficient management of an already limited water
resource base.

Country policies should keep in sight three pivotal
themes:

1. Water resources development;
Water use efficiency gains; and
3. DProtection of public health

environment.

and the

The first theme involves the development of
underground water, without losing sight of the
fact that it is largely not renewable even though
the process of its development and use necessitates
continued control, monitoring, and regulation. In
rain-fed areas, water-harvesting and distribution
technologies need to be expanded. Cooperation
among river-basin countries should also catalyze
water resoutrces development for the benefit of all
parties to a river-basin initiative.



The second pivotal theme implies a set of policy
measures to improve water use efficiency by
reducing irrigation water losses and applying good
agronomic practices (e.g., precision laser leveling,
soil amelioration, short-duration varieties, etc)
that promote efficient water use. Agricultural
water use can also be improved through farm-level
modernization technologies (e.g., marwa/ditch
lining or tubing and the associated improvement
of water-lifting point, buried pipes, and similar
activities). Intermediate reuse of agricultural
drainage water is seen in some countries as an
option when the continuous flow is reduced due
to high demand for water.

Outdated infrastructure need to be either replaced
or renovated so as to ensure fair distribution,
especially to landholdings on the rtail-end of a
command area.

Institutional reform is recommended through
the formation of WUAs and water boards. Water
demand managementisexpected to rationalize water
use. Water service providers for the commercial and
industrial sectors should be enabled to cover their
operation and maintenance cost and to achieve a
margin of profit for their financial sustainability.

The third policy theme includes clustered
packages:

*  Cluster (1): preclude industrial pollutants from
entry into the system and apply the principle
of “the polluter pays”;

*  Cluster (2): If cluster (1) was difficult to apply,
project-owners must be committed to treat
their wastewater; and

e Cluster (3): if cluster (2) did not work well,
control measures must be adopted to reduce
pollution load.

Policy planning must be viewed as a dynamic
process. It always requires multi-disciplinary teams
and a great deal of knowledge-sharing. Involving the
public in policy formulation and implementation
gives people a sense of ownership and provides
them with a platform to express their views.
should divest themselves from
production functions, giving more room for the
private sector to assume this role. Instead, they
should assume such legitimate roles as regulation
and market supervision.

Governments
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CHAPTER 5

MUNICIPAL AND INDUSTRIAL WATER MANAGEMENT

I. INTRODUCTION

Water, like energy, will probably become the
most critical natural resource issue facing most
parts of the world. By the year 2025, a full 35%
of the world population will be living under
conditions of water scarcity or stress compared
to about 6% in 1990 (Al Radif, 1999). In the
Arab world, parts of which were once referred
to as the Fertile Crescent, precipitation is low,
droughts are frequent, and rivers are few. Under a
business-as-usual scenario, countries in the region
will experience serious water shortages in coming
years, with grave consequences on economic
and social development plans. Moreover, many
experts warn that disagreements over water have
the potential to create political tensions (Darwish,
1994). Thus, water will be a major concern that
can catalyze stability and cooperation or inhibit
both. The main problem in confronting the water
crisis is the lack of the political will to advocate use
efficiency, undertake a new discourse, or invest in
new research. In an endless attempt to resolve the
water deficit, Arab countries are having to rely
on non-conventional water resources, namely,
desalination and wastewater treatment and reuse,
to satisfy increasing demand (Chatila, 2003).

To address water scarcity, governments in the
Arab region need to target optimum utilization of
available water resources, and possibly augment
water supplies through the exploitation of new
natural or non-conventional resources. This is
accomplished through wastewater reclamation,
brackish and seawater desalination, and rainwater
harvesting. However, augmenting water supplies
will not provide a sustainable answer. Addressing
water shortages necessitates the adoption of well-
planned policies focused on improving water
management, rationalizing water consumption,
and protecting water supplies from over-use and
pollution. A system of laws and policies is needed,
in which governments enforce comprehensive
codes and regulations including health standards.
This chapter presents a set of proposed regulations
and policy recommendations that should be
considered.

The high population growth rate in Arab countries
exceeds by far the growth rate of developing
water resources. Consequently, the annual per
capita share of water resources is decreasing at an
increasing rate. This chapter tackles the current

problem through three-interdependent venues,
namely:

1. It provides a brief overview of demand and
supply projections in the member countries
of the Economic and Social Commission
for Western Asia (ESCWA) up to the year
2050. Population estimates are based on
data provided by the statistics section of
the ESCWA head office in Beirut. Demand
projections were performed for per capita
consumption in the domestic, agricultural,
and industrial sectors, and a total demand
for each sector was determined based on
the projected population figures and the
respective per capita demand. Then, the
break-even year between projected demand
and expected supply was estimated for each
member state.

2. A set of policies and regulations are
recommended in order to reduce water
shortages in the near future.

3. Establishing a proper water tariff structure
is discussed with suggested principles for
pricing domestic, agricultural, and industrial
water.

Il. WATER DEMAND AND SUPPLY
a. Population projection

The ESCWA region, which consists of 13 member
states with a total area of 4 million km?, is divided



TABLE 1

ARAB ENVIRONMENT: WATER

POPULATION SIZE (PAST AND PROJECTED) IN ESCWA MEMBER STATES FROM 1950 TO 2050 (THOUSANDS)

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Bahrain 115.6 156.1 219.6 347.0 490.0 617.2 713.1 812.2 895.9 947.5 991.6
Egypt 21834.0 27840.0 35285.0 43749.0 56332.8 68469.7 80063.3 90490.7 100371.0 108369.4 114844.2
Iraq 5158.3 6847.0 9356.0 13007.3 18078.1 23114.9 30338.7 37664.3 43929.1 494763 549157
Jordan 916.0 16940 1703.7 2165.9 34233 5003.1 6279.7 7837.9 9610.7 11607.6 13837.9
Kuwait 152.2 278.0 7443 13749  2143.0 1971.6 2419.7 28134 31152 3347.7 3526.9
Qatar 25.0 45.0 111.3 229.2 485.4 599.1 692.2 760.6 793.3 818.0 844.1
Oman 456.4 558.2 722.9 1130.0 1784.5 25417 35175 47193 59963 7208.5 8309.9
Lebanon 1442.7 1857.4  2469.0 2669.2 25553 3281.8 37229 41725 46059 49285 5168.9
KSA 3201.4 40747 57448 9604.4 160453 21606.7 28778.5 364242 42990.7 48661.2 54461.0
Syria 34951  4561.0 62580 8704.0 12386.0 16124.6 20464.1 24555.1 28078.1 31624.6 34490.1
UAE 69.6 90.2 2228 10152 19205 24414 2851.2 3169.7 33759 3509.3 36152
WB & Gaza 560.6 740.9 938.5 1207.4 1838.8 2859.6 32440 40957 50653 6153.7 7361.7
Yemen 4316.0  5247.0 6331.6 8218.7 11589.6 18112.1 25366.2 34189.8 43734.1 51855.8 58801.1

geographically and ecologically into two sub-
regions, namely, the Mashreq and the Arabian
Peninsula. The Mashreq includes Lebanon, Syria,
Jordan, Iraq, and Palestine (the West Bank (WB)
and the Gaza Strip), in addition to Egypt, while
the Arabian Peninsula includes Bahrain, Kuwait,
Oman, Qatar, Kingdom of Saudi Arabia (KSA),
the United Arab Emirates (UAE), and Yemen.
Over 72% of the region has an annual rainfall of
less than 100 mm; about 18% receives between
100 and 300 mm annually; less than 10% receives
between 300 and 1,300 mm annually (ACSAD,
1997).

In the current study, previous population historic

data and censuses, up to 2000, available from
different member states were collected from the
Statistics Office of ESCWA. Then, population
projections, up to year 2050, were performed
using statistical methods and regression analysis.
These figures were used to estimate the domestic,
industrial, and agricultural demand for water.
Table 1 shows pastand future projected population
figures in the ESCWA member states.

The increase in population is above the world
average and much above that in the industrialized
countries. Table 1 shows that the rate of growth
is high and the population is expected to double
in the next 25 years, which will certainly have

TABLE 2 DOMESTIC WATER DEMAND (PAST AND PROJECTED) PER CAPITA IN ESCWA MEMBER STATES FROM 1990 TO 2050

Demand (liters/capita/day)

1990 2000 2010 2015 2020 2025 2030 2040 2050
Bahrain 540 555 585 600 620 642 667 723 789
Egypt 130 135 145 150 157 164 172 191 213
Iraq 160 170 190 200 214 228 245 282 326
Jordan 130 135 145 150 157 164 172 191 213
Kuwait 540 555 585 600 620 642 667 723 789
Qatar 540 555 585 600 620 642 667 723 789
Oman 130 135 145 150 157 164 172 191 213
Lebanon 356 370 380 390 396 404 412 428 446
KSA 356 370 380 390 396 404 412 428 446
Syria 130 135 145 150 157 164 172 191 213
UAE 540 555 585 600 620 642 667 723 789
WB & Gaza 90 95 105 115 125 136 150 182 221
Yemen 90 95 105 115 125 136 150 182 221
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TABLE 3 INDUSTRIAL WATER DEMAND (PAST AND PROJECTED) PER CAPITA IN ESCWA MEMBER STATES FROM 1990 TO 2050

Demand (liters/capita/day)

1990 2000 2010 2015 2020 2025 2030 2040 2050
Bahrain 95 100 110 115 119 123 128 139 150
Egypt 30 35 45 50 55 61 68 84 103
Iraq 50 75 125 150 184 221 261 355 465
Jordan 30 35 45 50 55 61 68 84 103
Kuwait 15 20 30 40 50 61 75 107 146
Qatar 95 100 110 115 119 123 128 139 150
Oman 15 20 30 40 50 61 75 107 146
Lebanon 55 65 95 115 142 174 211 299 407
KSA 30 35 45 50 55 61 68 84 103
Syria 30 35 45 50 55 61 68 84 103
UAE 95 100 110 115 119 123 128 139 150
WB & Gaza 5 10 20 25 32 39 47 66 88
Yemen 15 20 30 40 50 61 75 107 146

a major effect on available water resources. The
situation is similar in other Arab countries.

b. Demand projection

The goal of the study is to project domestic,
industrial, and agricultural water demand in
ESCWA member states up to the year 2050.
Total demand is computed for each member state
and compared with available supply resources in
the state. A breakeven year is determined for each
country. Demand projection is based on different
water resources studies and tables that are
established by the ESCWA secretariat or compiled
from different sources and meetings of the expert

groups in ESCWA office in Beirut, Lebanon,
during the last few years, in addition to personal
communication with concerned ministries and
water authorities in member states. Although this
chapter is concerned with municipal (domestic)
and industrial water management, we include
water demand projections for the agricultural
sector for comparative purposes.

Historic data on the per capita basis for domestic
demand and the per capita daily industrial and
agricultural equivalent of water was collected from
ESCWA sources. Based on current applications,
a second-degree function produced a good fit
for the data with a very reasonable coefficient

TABLE 4 AGRICULTURAL WATER DEMAND (PAST AND PROJECTED) PER CAPITA IN ESCWA MEMBER STATES FROM 1990 TO 2050

Demand (liters/capita/day)

1990 2000 2010 2015 2020 2025 2030 2040 2050
Bahrain 671 554 772 820 866 919 980 1128 1297
Egypt 2,417 2,395 2,119 2,070 2,024 1,982 1,950 1,928 1,934
Iraq 6,853 1,0728 6,087 5,886 5,725 5,617 5,553 5,410 5,253
Jordan 520 433 330 302 352 259 243 219 200
Kuwait 102 139 138 139 140 142 146 158 173
Qatar 615 876 615 500 513 743 763 814 860
Oman 1,766 1,632 1,139 1,014 917 838 776 706 672
Lebanon 938 793 1,171 1,256 1,328 1,402 1,475 1,623 1,781
KSA 2,493 1,874 1,358 1,151 975 826 699 498 353
Syria 1,533 2,612 2,076 2,070 2,087 2,097 2,103 2,134 2,202
UAE 1,355 1,571 1,555 1,602 1,661 1,726 1,798 1,969 2,135
WB & Gaza 209 208 206 202 197 192 188 184 185
Yemen 638 463 315 304 269 229 219 190 171
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TABLE 5 ANNUAL DOMESTIC WATER DEMAND (PAST AND PROJECTED) IN ESCWA MEMBER STATES FROM 1990 TO 2050 (MILLION M?)

1990 2000 2010 2015 2020 2025 2030 2040 2050
Bahrain 97 125 152 167 184 200 218 250 286
Egypt 2,673 3,374 4,237 4,669 5,186 5,712 6,301 7,555 8,929
Iraq 1,056 1,434 2,104 2,482 2,942 3,395 3,928 5,093 6,534
Jordan 162 247 332 386 449 522 603 809 1,076
Kuwait 422 399 517 573 637 695 758 883 1,016
Qatar 96 121 148 159 172 182 193 216 243
Oman 85 125 186 225 270 321 376 503 646
Lebanon 332 443 516 562 603 647 693 770 841
KSA 2,085 2,918 3,992 4,641 5,265 5,855 6,465 7,602 8,866
Syria 588 795 1,083 1,232 1,407 1,575 1,763 2,205 2,681
UAE 379 495 609 659 717 767 822 926 1,041
WB & Gaza 60 99 124 154 187 227 277 409 594
Yemen 381 628 972 1,250 1,560 1,934 2,394 3,445 4,743

of correlation R? close to unity in most cases.
A power or exponential fit may have produced
good fit as well but the second-degree polynomial
proved to be more successful. The regression
equations were solved and the parameters
determined. Typical equations of polynomials
were established. Demand projections were
performed on per capita basis for the years 2010
to 2050 using statistical methods and regression
analysis, as shown in Tables 2, 3, and 4.

Projected population data were used along with
projected water demand to obtain the total demand
on avolumetric basis in million cubic meters (MCM)
for the industrial, domestic, and agricultural sectors,

as indicated in Tables 5, 6, and 7.

Table 8 shows the total demand in each ESCWA
member state for the period 1990 to 2050 on a
volumetric basis (MCM).

Domesticwater demand represents asmall fraction
of the total water utilized, particularly when
compared to the agricultural sector. Improvement
in the standard of living, delivery services, and
urban migration resulted in increased domestic
demand. The industrial production structure
in most of the ESCWA member countries is
geared towards consumer goods and petroleum
refinement, where most activities are confined
close to urban centers. Some industries have
specific water quality and quantity requirements,
which vary according to the type of industry.

TABLE 6 ANNUAL INDUSTRIAL WATER DEMAND (PAST AND PROJECTED) IN ESCWA MEMBER STATES FROM 1990 TO 2050 (MILLION M?)

1990 2000 2010 2015 2020 2025 2030 2040 2050
Bahrain 17 23 29 32 35 38 42 48 54
Egypt 617 875 1,315 1,556 1,817 2,125 2,491 3,323 4,318
Iraq 330 633 1,384 1,862 2,530 3,291 4,185 6,411 9,321
Jordan 37 64 103 129 157 194 239 356 520
Kuwait 12 14 26 38 51 66 85 131 188
Qatar 17 22 28 30 33 35 37 41 46
Oman 10 19 39 60 86 119 164 282 443
Lebanon 51 78 129 166 216 279 355 538 768
KSA 176 276 473 595 731 884 1,067 1,492 2,047
Syria 136 206 336 411 493 586 697 970 1,297
UAE 67 89 114 126 138 147 158 178 198
WB & Gaza 3 10 24 33 48 65 87 148 236
Yemen 63 132 278 435 624 867 1,197 2,025 3,134
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TABLE 7 ANNUAL AGRICULTURAL WATER DEMAND (PAST AND PROJECTED) IN ESCWA MEMBER STATES FROM 1990 TO 2050 (MILLION M?)

1990 2000 2010 2015 2020 2025 2030 2040 2050
Bahrain 120 125 201 228 257 286 320 390 469
Egypt 49,697 59,854 61,924 64,431 66,851 69,038 71,439 76,262 81,070
Iraq 45,219 55,076 67,405 73,048 78,704 83,642 89,037 97,698 105292
Jordan 650 791 756 778 1,007 825 852 928 1,010
Kuwait 80 100 122 133 144 154 166 193 223
Qatar 109 192 155 133 142 211 221 243 265
Oman 1,150 1,514 1,462 1,624 1,580 1,639 1,698 1,858 2,038
Lebanon 875 950 1,591 1,810 2,022 2,246 2,480 2,920 3,360
KSA 14,600 14,779 14,265 13,696 12,962 11,971 10,968 8,845 7,017
Syria 6,931 15,373 15,506 17,007 18,705 20,143 21,553 24,633 27,721
UAE 950 1,400 1,618 1,760 1,922 2,062 2,216 2,522 2,817
WB & Gaza 140 217 244 271 295 321 348 413 497
Yemen 2,699 3,061 2,916 3,304 3,357 3,257 3,496 3,596 3,670

Agricultural water demand accounts for the
majority of water use. Data from ESCWA show
that the cultivated area in 1997 was about 20.2
million hectares in which 44.6% were irrigated
using surface and groundwater sources, while the
rest was rain-fed.

c. Supply projection

The state of development of surface and ground
water resources varies from country to country
within the ESCWA region, depending on each
country’s specific context and conditions. Some
countries such as Syria, Lebanon, Jordan, Egypt,
Iraq, and Palestine have dependable surface water
due to the relatively high rainfall. Water sources
are in the form of major rivers and springs. The

main rivers are the Nile in Egypt, the Euphrates
and Tigris in Syria and Irag, the Orentis in
Lebanon and Syria, the Litani in Lebanon, and
the Jordan River in Jordan and the West Bank.
Furthermore, water supplies are supplemented by
groundwater reserves.

On the other hand, countries like KSA, Kuwait,
Bahrain, Qatar, UAE, Oman, and Yemen are
known to have a severe desert environment,
where surface water resources consist of limited
quantities. Thus, they have no option but to rely
on non-conventional sources, such as desalination
and treated wastewater. Aquifers with varying
degrees of salinity provide another source for
water. They are used to satisfy the domestic and
agricultural water requirements. Based on several

TABLE 8 TOTAL ANNUAL WATER DEMAND (PAST AND PROJECTED) IN ESCWA MEMBER STATES FROM 1990 TO 2050 (MILLION M?)

1990 2000 2010 2015 2020 2025 2030 2040 2050
Bahrain 234 272 382 427 476 525 580 688 809
Egypt 52,987 64,103 67,476 70,656 73,853 76,875 80,232 87,139 94,316
Iraq 46,605 57,143 70,893 77,392 84,176 90,328 97,151 121,147
Jordan 850 1,101 1,192 1,293 1,614 1,541 1,694 2,093 2,606
Kuwait 514 514 665 744 832 914 1,010 1,207 1,426
Qatar 221 335 331 322 348 428 451 500 554
Oman 1,245 1,658 1,687 1,810 1,936 2,079 2,239 2,642 3,127
Lebanon 1,258 1,471 2,237 2,537 2,842 3,172 3,627 4,227 4,969
KSA 16,861 17,973 18,729 18,932 18,958 18,711 18,500 17,939 17,930
Syria 7,654 16,373 16,926 18,650 20,605 22,304 24,012 27,807 31,699
UAE 1,395 1,984 2,342 2,546 2,777 2,976 3,195 3,626 4,056
WB & Gaza 204 327 392 458 529 614 712 970 1,327
Yemen 3,143 3,821 4,166 4,989 5,541 6,058 7,088 9,066 11,547




TABLE 9 CONVENTIONAL ANNUAL WATER SUPPLY (MILLION M?3) IN ESCWA MEMBER STATES*

ARAB ENVIRONMENT: WATER

Surface Water Groundwater Recharge Groundwater Use Total Supply
Bahrain 0 100 258 358
Egypt 55,500 4,100 4,850 64,450
Iraq 70,370 2,000 513 72,883
Jordan 350 277 486 1,113
Kuwait 0 160 405 565
Qatar 1 85 185 271
Oman 918 550 1,644 3,112
Lebanon 2,500 600 240 3,340
KSA 2,230 3,850 14,430 20,510
Syria 16,375 5,100 3,500 24,975
UAE 185 130 900 1,215
WB & Gaza 30 185 200 415
Yemen 2,250 1,400 2,200 5,850
* Water supply data are based on years 1995, 1996, 1997, and 1999

country papers presented during the Expert Group
Meetings held at the ESCWA head office in Beirut
in 1995, 1996, 1997, and 1999, the following
supply figures in Table 9 compile available annual
conventional water resources for member states.

The breakeven point for water supply and
demand is estimated for each member state,
as indicated in Table 10. Some countries will
continue to depend on surface water from major
rivers, while others will rely on groundwater and
desalinated seawater.

d. Discussion

The high population growth rate in the West
Asia region exceeds by far the rate of developing
water resources. Consequently, the annual per
capita share of water resources is decreasing at an
increasing rate. This study shows that developing
water resources on a business-as-usual basis will
leave the region with serious water shortages,
particularly in the Arabian Peninsula where the
annual water deficit could increase to as much as
67% of demand by 2015. It is clear that current
water resources cannot satisfy future demand
much past 2005 without alternative sources
and policies. Water deficits can be reduced,
though not eliminated, especially if emphasis is
placed on cutting the wasteful use of water in
agriculture, which accounts for the majority of
water use in the region, and by shifting current
policies away from heavy emphasis on food self-
sufficiency. Supplies of renewable water in the

region are fully used or already overexploited,
whereas demand will continue to rise rapidly.
Currently water deficit is partially made up for
by desalination and by over-exploitation of
groundwater, which is resulting in fast depletion
of aquifer reserves, deteriorating water quality,
and higher salinity in the soil. Furthermore,
existing wastewater treatment facilities may create
health hazards due to the disposal of untreated
wastewater. In general, the water sector suffers
from weak institutions, inadequate technical
capabilities, and unsatisfactory coordination
among concerned authorities. There is an urgent
need to review policies regarding the development
and rational use of water resources throughout
the region. The development of additional water
resources in the region will require well planned,
detailed, and integrated studies