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Executive Summary

Countries of the West Asia region have been experiencing different degrees of natural and
anthropogenic water risk regarding the sustainability of their limited water resources and
preservation of the ecosystem equilibrium. The fragile arid environmedtitnresiliency to

cope with external natural and human activities, including the expected impacts from climate
change, presents a major challenge to decision makers. They have to achieve adequate, safe
and dependable water sources and food supply infitere for improving the welbeing of

the society as well as meeting the requirements of the future generations.

The West Asia region can be classified according to water resource availability, population
growth and economic activities into two distinsubregions, the Mashriq and Yemen (Iraq,
Jordan, Lebanon, Occupied Palestinian Territories, Syria and Yemen) and the Gulf Cooperation
Council(GC¢countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, UAE). The whole region,
however, is suffering from water scarcity; which is attributed to large temporal and spatial
variations in most of the hydrological parameters, especially the rates of pratigpitand
evaporation. The most significant parameter causing environmental stress is the rainfall
pattern, which influences the generation and dependability of freshwater availability in terms
of its amount, frequency and distributiorClimate change wifurther increase the variability

of rainfall adding more uncertainty and complication to the planning and management
process of the water sectoRainfall distribution in the two sulbegions shows thaf2 per cent

of the region receives on average lesanthil00 mm mainly in the GCC countries p&8 cent

of its area receves 100300 mm and only 1@er centreceiveamore than 300 mm.

Understanding the vulnerability of freshwater resources in West Asia is therefore vital to
ensure sustainable water managentan the region Undertaking avulnerability assessment

of fresh waterwill distinguishgapsin information, and identify the most dominant factors that
influence vulnerabilityin addition to enhancingublic awareness. The availability safchan
assessrant will provide decision makers with options to evaluate and modify existing policies
and implement measures to improve water resources management.

The approach used for this vulnerability assessment was based on the methodological
guidelines prepared bYNEP and Peking University which is based on the premise that the
vulnerability assessment must have a precise understanding of four componethis water
resource system, including total water resources; water resource development and use;
ecologicahealth; and management

The pressing concern of freshwater vulnerability in WA facing decision makers now and in the
future requires the development of policies that take into consideration the continuous
increase in water demand under a changing environment, including climatic conditions and
increased desertification. Solutions can be mapped along a continuum from those where
proven solutions are available to those where understanding of the problem and its solution
are still emerging. It is clear from the above analythat the vulnerability of freshwater
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resources in West Asia countries is a result of inadequate manageleegis and will be
exacerbatedy theeffectsof climate change.

The main water management challenge facing the countries of West Asia region is the
AYONBIFaAy3d aiNBaasSa FyR RSUSNA2NIGA2Yy LX FOSR 2\
increasing water demands. This has significant implications not only for the future
development of these countries, but also for the sustainability of their past ssmoomic

achievements. The lack of integrated water management policies, adequate legislative
framework, and institutional weakness, coupled with management practices focusing on
WadAWRE Q YI yI 3SYSyYyd ¢ AGK2 dziW RBAYANWRS QI RS lydz3BY Sty i
has contributed to increasing freshwater vulnerability in most of the countries ofeb@n.

Policy reforms, with emphasis on demand management, conservation, and protection, and
improvement of the legal and institutional provisions are «ké&y efficient development and

management of water resources and must be given the utmost attentmmetluce the

vulnerability offreshwater in the region.

It is expected that climate change will impose further stresses on the limited freshwater
resources in the countries of West Asia and intensify their vulnerabilitys is of particular
concernfor those countries relying on shared water resources, which in the absence of
sharing agreements will increase tension between riparian countries. The issue of shared
water resources should be given high priority by the countries of West Asia to finalize wate
resource sharing agreements according to the international water law. Large water saving
opportunities exists in the agricultural sector, which uses more thapedOcentof the total

water consumption in the region and where most of water wastage occussvings are
possible through increasing irrigation efficiency by the introductioardfancedrrigation and
agricultural techniques, reuse of treated wastewater, augmentation by agricultural drainage
water, and the implementation of incentive/disinceve systers.

Municipal wastewater has become an increasing source of water with considerable potential
in alleviating water scarcity in the regioparticularly since the volume available increases
proportionally with increasing urban consumptions. Witbroper treatment municipal
wastewater can be used to supplement water demands in the agricultural and industrial
sectors, as well as in managed aquifer recharge schemes. \Miileasingreliance on
desalinated water in the region is in&alein the future and contributes in lessening water
scarcity, especially for the GCC countries, desalination technblagynany drawbacks: ig

capital and energy intensi; is largely imported provides limited added value to the

O 2 dzy G NA S &;@nd &&r2ayyhagatiBedenvironmental impaciBhere is an urgent need

for cooperation among the West Asia countries and with the Arab Countries for investment in
R&D for desalination technology, with the aim of acquiring and localizing these technologies in
the region. This would see many advantages, including reducing costs, increasing the reliability
2F adzZllL)X exX AYONBIlIaAy3d @FftdzS F2N 0KS O2dzy iNASaQ
impacts of desalination.

The issue of water resources managemdmidd be placed high on the national priorities list
of the countries of West Asia. Politicattion is neededfor the sustainable management of

11



water resources ands a necessary preequisite to reduce freshwater vulnerability in the
countries of the repn.

In order to cope with the water scarcity afhaver the freshwater vulnerability in the region, a
major shift to demand management, water use efficiency, and conservation need to be made
Thisshouldfocus on the agricultu sector where most of th&vater savings can be achieved.
Furthermore, there is an urgent need to strengthen and reinforce the capacity of water
institutions to deal effectively with water issues in a holistic approach through legal and
institutional framework. Vulnerability and agtation to climate change need to be integrated
into future water resources management policies at the national level. A key role for
concerned institutions to achieve this goal is to provide knowledge and promote awareness.

12



Chapter 1

Introduction

Chapter Key messages

Water resource availability in arid and semi arid parts of the world including the West
Asia region constitutes a major constraint to seemnomic development.

In addition to the prevailing arid climate, freshwatavailability is expected to suffer
from the impact of climate change due to expected changes to rainfall and
temperature regimesUnderstanding the vulnerability of water systems in West Asia,
therefore, is vital to sustainable water resource managemeitéregion.

Litani River in Lebanon (ACSAID10)

1.1. Background

Countries of the West Asia region have been experiencing different degrees of natural and
anthropogenic risk regarding the sustaability of their limited water resources and
presenation o the ecosystem equilibrium. The fragile arid environment and its resiliency to
cope with external natural and human activiti@scluding theexpectedimpact fromclimate
change presents a major challenge to decision makérsey haveo achieveadequate, st

and dependable water sources and food supply in the future for improving thebeilly of

the society as well as meeting the requirements of the future generations.

13



The West Asia region(according to the United Nations Environment Progradi\EP,
classificationran be classified according to watesource availability, population growth and
economic activities into two distinct stdegions, the Mashriq and Yemen (lraq, Jordan,
LebanonOccupied Palestinian TerritorieSyria and Yemen) atide Gulf Cooperation Council
&GCQ¢ countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, URIE).whole region,
however, is suffering from water scarcity which is attributed to large temporal and spatial
variations in most of the hydrological parameteespecially the rates of precipitation and
evaporation. The mostsignificant parameter causing environmental stresis the rainfall
pattern, which influences the generation and dependabilityfrelshwateravailability in terns

of its amount, frequency andlistribution. Rainfall and snovaccumulation are the sources of
river flow, runoff in major wadis, raifed agriculture, recharge to groundwater and hazardous
flooding and drought eventd he rainfall seasonality influences the renewable flow of the few
major rivers in the Mashriq sukegion, while the extreme random nature of rainfall in the
Arabian Peninsula suegion influences theamount ofsporadicdrainage through wadjdlash
floods and groundwater recharge. Climate change will further increasevéngbility of
rainfall, contributing to greatemuncertainty and complicatioim the planning and management
procesgsof the water sector.

In addition to natural water scarcityyuman activities are contributing tahe depletion and
deterioration of regurcesthroughincreases in water demand in all sectors and pollution. The
high population growthncreasingrates ofurbanization andeconomic activities have placed
extensive pressure on the already limited wateesources The achievement of the
Millennium Development Goal®DQ of adequate and safe water supply and sanitation has
added additional pressure on the limited water resources as well the satisfaction of food
security. Increases in water demane@speciallyin the irrigation sectgrhave contributed to
further depletion of surfacewater and groundwaterresources, many places in excess of
potential recharge Pollution from domestic, industrial and agriculiivastes isfurther
contributing to the loss of already limitagsources.

Thete are many shared surface and groundwagsourcesbetweencountries of theand with
neighboring countries. Many of the deep aquifers are shared among countries of the Arabia
Peninsula sulegion and also with Jordafreshwaterstatus is further complidad by the

fact that substantial portios of surface water origina from outside the regionwith no
binding agreement for sharing water resources between the riparian countries, or the
implementation and monitoring of the existirmpreements The controbf shared surface and
groundwater flows from upand downstream countries has increased water disputes and
could impact regional stability.

Variation in rainfall amount and frequency will impact the quantity and quality of rivers flow of
the Mashrigq subregion The expectedlecreasein rainfall will be reflected inrain-fed areas
and in the amount of recharge to groundwatefiPCC report2007) Furthermore, climate
change will increase vulnerabilitp extreme flooding and drought events with significant
socioeconomic impacts on human wédeing and environmental conditien
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These factors KI @S Ay ONBIFaSR GKS aSyairdiograde- 27
environmental conditions (biophysical, so@oonomic or geopolitical factorsfrurthermore,
theyaffect the ability of water resource systems to effectively and efficiently function, thereby
making these water resources vulnerable in terms of quantity (overexploitation, depletion
etc.) and quality (pollution, ecological degradation etclherefore, he United Natios
Environment Program (UNEP) Regional Office for West Asia ARDVBahrain within its
mandate to help its member states to enhance their capacities to address priority and
emerging issues sucls freshwater vulnerability, has commissiahethe Arabian Gulf
University (AGU) and the Arab Cenfiar the Studies ofArid and DryLand (ACSAD) to
undertake a desk study assessing the current and future freshwater resource vulnerability
This study examines water vulnerabilityr national and shaed resourcesin the face of
climatechange.

1.2. Objectives

Freshwater vulnerability assessmeista tool to identify potential risks providingdecision
makers with arearlywarning signahboutthe need to monitor potential variation over time
This isimportant in order to detect the occurrence of threats early as well as formulate and
implement measures to reduce negative impacts. Vulnerability assessment of freshwater will
also identify gaps in existing information and the appropriate indicators andagement
measures required for the government to gather such information doynmitting the
necessary financial and human resources to the isMmeover, the assessmermnhances
public awareness about the threat that society may face

The overall objedte of ths study is to carry out a national and regional vulnerability
assessment of freshwater resources to better understand the existing status of water under
the prevailing conditions and to ascertainthe most dominant factors that influence
vulnerability. The availability of suchn assessmenivill provide decision makemwith options

to evaluate and modify existing policies and implement measures to improve water resource
management. The specific @ajtives will focus on the following tasks:

1 Assess the vulnerabilityf the freshwater to threats and its impacts on development
options humanwell being and the environment.

1 Identify the potential impacts of climate change on water resources and ecaosgste
and assess the current adaptive capacity of the national water sector

1 Create a knowledge base of scientific data and information on available surface and
groundwater sourceandwater demandof different sector

1 BEvaluate impacts of environmental chamgn terms of water resource stress and
identify management challenges;

1 Develop knowledgepolicy options,and understandinghe necessary for forward
looking cooperation among riparian countries with regard to shared water resaurces

1 Identify gaps in datand research and recommend needs for further studies

1 Examine water issues and functions in selected surface and groundwater basins

15
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1.3. Approach

The approach used for this vulnerability assessment, based on the methodological guidelines
prepared by UNEP dnPeking University (UNEP, 2009), is briefly discussed in Chapter 3. The
vulnerability of freshwater resources was explored by isolating strategically important issues
related to different functions (uses) of freshwater systems in a drainage basin, marking
O2yaARSNIO6fS RSLINIdANBE FTNRBY GKS LINBO2yOSA@SR
linked to vulnerability In fact vulnerability, mainly in arid and semi arid zoressalwaysbeen

linked to water crisis, since any variation in precipitatiofl aave direct negative impact on the
limited water resources in these areabhus, this analysis is based on the premise that the
vulnerability assessment must be based on a precise understanding of four components of the
water resource system, includitigeir states and relationships, these are:

Total water resources

Water resource development and use

Ecological health

Management

= —a —a -

This assessment approach recognizes that a sustainable freshwater system can only function
within an integrative operationadramework that combines both the natural system and the
management system. The fundamental components of this vulnerability assessment are able
to account for three different aspects related to the natural resource base, and how external
factors (climate bange, biophysical conditions, policy and management practices etc.)
influence the processes that can make a natural system vulnerable. Evaluation saf the
components is based on the related indicators and considarumber of constraints related

to dataand information, including lack of access to some official data, and wide seasonal and
spatial variations in hydrological parameters.

The methodology is based on the Driver, Pressure, State, Impact and Response (DPSIR)
frameworkto estimate avulnerability index influenced by four indicatorgsources stress
(RS)development pressure (DRcologicahealth (BH); and management capacity (MC). The
degreethat stressis being placed orthe water sector by water scarcity, increasing water
demand and the requirements of socioeconomic activities and ecological conslitvdhbe
evaluated by the vulnerability assessment.

Although such studies require advanced modeling work to improve the accuracy of the results,
this studyis intended to complment such an analysend can thus be considered a starting
point for the recommended detailed study. Thissessment is not a substitute for a rigorous
quantitative analysiat the subregional and national levels.
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Chapter 2

Water Resources in We#sia: An Overview

Chapter Key messages

1 Itis expected that climate change will exacerbate existing water stress in the region by
affecting precipitation, temperature, evaporation, relative humidity and solar
radiation).

1 These impacts are expected to remuthe avalability of renewable resources,
increasethe variability and frequency of extreme evest(flooding and drought)and
increase agricultural and domestic water consumption.

1 Climate change withreatenfood security in the region due to the prajied decrease
in the available water reswaes and agricultural productiyit Moreover, under these
unfavorable and uncertain conditions, it is expectduitt food selfsufficiencywill
decrease with timeresulting inthe failure of the adopted agricultat policies being
implemented by a nuiper of countries. Itis therefore necessary to prepare and
appropriately respond to the potential negative impaofslimate change.

Mee szing boos 1o restore e morshlands of Hie Star ol Aob, Fag. Photo orede USAD

Shat el Aralx;lraq (Photo found in UNEP 2009 after credit from USAID Ploogdit: USAID)

2.1. Introduction

Water is one of the most valuable resources on Earth. It is an impdidatar inboth socie

economic development and ecosystdmalth. Inthe West Asia regiorthe importance and

value of water is even more pronouncedcause theegion islocated withinan arid to semi

aridzoned ¢ KS NBIA2Y AdaStT Aa O2ysadgsRSdgpRUNY S 27T O
ESCWA2007) Rainfall scarcity and variability coupled with high evaporation rates have
characterized this art of the world as having a limited availability of renewable freshwater.

The Mashrig sulbegion is mostly arid angemiarid, with about 7Qper centof the subregion
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receiving less than 25&m of rain per year (UNEP GE(2007). The region has two giea

rivers originating outside the area (Euphrates and Tigris) and many smaller ones. The Arabian
Peninsula (AP) is characterized by an arid climate with annual rainfall of less than 100 mm,
with no reliable surface water supplies. The region depends antion groundwater and
desalinated water to meet its water requirements (UNEP -@EZD07).

Thesetwo subregionscan bedifferentiated by natural resource capacity and reserve, income
disparities and different rates of soegonomic developmentdoweve, in both subregions
water availabilityis essential for achieving desired socioeconomic developmamiboth sub
regions are highlyulnerable to external natural and manade stressessuch as the rainfall
amount and variabilitypopulation growth, pdution levek, and water management practise
(UNESCWA005)

In the last three decadesnost of the countries in the WA region have undergone major
demographic development and soesconomic transformationresulting in a substantial
increase in watedemand. These demands have been driven mainly by the implementation of
agricultural policies aimed at achieving national food secuaityl escalating urbanization and
industrialization, leading to immense pressures on the limited water resources irethienr
(LASUNEFEOARR2010).

Water scarcity in the region is furtheaggravaed by the continuous deterioration in the
guality of surface and groundwater resources by industrial, domestic, and agricultural effluent
dischargeswhich is alsimpactingthe humanhealth (LAGUNEPEOAR2010).

Another major challenge facing theountries of theregion is the management of shared
water resources among countries withihe region as well as those shared with countries
outside of theregion. As more than 6@er cent of surface water resources originate from
outside the regionthisissueNBS Y Ay ad | YIFI 22N) O2yOSNY UGKNBI GSYyAyYy
security, and water resource plannifgASCUNEP/EOAR01Q ACSAD 2009 onventions
and agreements on equible sharing and management of water resources have not been
signed by riparian countrieBr some shared rivers such #ise Euphrates and Tigris. For
others such as Orontes a convention has been sigfenithermore,some of the countries of
the region (Palamian Occupied Territories, Syria, and Lebanam® deprived of their water
resourcesdue to Isradl occupation of part of their territoriesby occupying powers which
constitute another major issue in the region and is constraining the developmernitsof
populations(ACSAD, 2000ASUNEP/EOARQ10).

The critical nature of the current water situation in the region is expected to be further
aggravated by the impacts of climate change, where it is anticipated that water scarcity and
quality deteriorationin the region will increase due to the reduction of precipitatiorcrease

of domestic and agricultural water demands and seawatgusion ingroundwater resources

due to sea level rislACSAR2009)
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2.2. Physical characteristg

The aridand semiarid ecosystem ofthe WA region makes itvery sensitive to external
pressures. The region is characterized by sparse vegetation, shallowdmdgoped top soil
and calcareous doprone to degradation (UNDRQO06). About 79.per centof WA total area
(estimated at 3.95 million k?) is classified as dry desedf which16.3per centis vulnerable

to desertification and only 4.¢er centis sutable land for agriculture YNEP,2000. The
percentage of land cover by desert areas varies among countéekarg proportion of the
GCC is covered by desert, with only small areas of land are considered as haésgnable
natural resources base endowmenh the Mashriq subegion 50.6per centis covered by
desert areas with 36.fer centcovered by areas vulnable to desertification angust 13 per
centconsideredsuitableland for agriculture. In the Arabian Peninsula, about §&8centis
desert, 8.8per centis vulnerable to desertification and only 2pker centsuitable land for
agriculture(UNERGEGS, 2002).The desertification process is influenced by the temporal and
spatial distribution of rainfallpattern and the frequency of drought cycles. The large
percentage of the lands of West Asia region being aridssamdiarid areas is attributed to the
extreme random nature of the rainfall characteristics thafluence water availabilityand
vegetation cover

2.2.1. Rainfall
The rainfall pattern in thedesert ecosystem influenceto a large extentnatural water
resource availability and consumption patternRainfall scarcity and variability coupled with
high evaporation ratestypical of arid regionshave characterized this part of the world.
Rainfall distribution in the region exhibits large variation in the amount and frequency as 72
per centof the regon receives on the average less than 100 pen yearmainly in the GCC
countries, 18percentof its area receives 16800 mmper yearand only 10per centof the
region receivesmore than 300 mmper year (analysis in present studydnnual ainfall
distribution in WAis shown irFigurel.

Areas that have relatively high rainfall rates of more than 300 mm are limited to locations in
the high elevations, in Irag, Jordan, Lebanon, Syria, Oman, Saudi Arabia and Remfzil.

and snow accumulation in Lebanon and northern Iraq, Jordan, Syria and some parts of the
Arabian Peninsula are the main water sources for rivers, springs and wadi flows and also the
main sources of the renewabtgoundwater inthe region.
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Figurel: Rainfall distribution in West Asia

2.2.2.Water resources
TheWest AsiaegiomQ @newable water resources consist mainly of surface water and shallow
and deep groundwateresourcessupplemented by noitraditional desalinatedvater as well
as the reuse ofreated wastewater Surface waterresourcesmainly river flowsare estimated
at 93 100 millioncubic meters (mcmgoncentratedmainly in the Mashrig sulbregion with
80100 mcm available from the major shared rivers and ttemainirg 1300 mcmfrom small
rivers springs and intermittent wadi flo@NESWCA 20Q7yhe Mashrig countries, such as
Irag, Lebanon and Syria, rely on river flows supplemented by limited groundwater sources,
while the remaining countriekave been relying on fa and shallow and deep groundwater
sources. The total annual internal renewable water resources account for onlye6.8ent
average annual precipitation, against a world average ofpH).6ent due to the high rate of
evaporation While renewable watemresources are the main dependable sources in the
countries of the regionresourcerenewalis expected to experience uncertainty due to climate
change.

Renewable groundwater in the region is generally present in the form of shallow alluvial
aquifersrecharged by main rivers and wadi flp@speciallyduring major flooding evenisand
directly from rainfall at aquifer outcrop areabhe renewable groundwater source is estimated
at 15 500 mcm(UN-ESCWA, 2007)epresenting the amount of the groundwateecharge
(UNESCWA2007).In the Mashrig subsegion the amount and the frequency of recharge is
much greaterthan in the Arabian Peninsula sukgion due to the higher amount of rainfall
and its frequent occurrences. The degree of groundwater exploitationost countries othe

West Asia region is much higher than the amount of rechégdingto continuous and sharp
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declines in groundwater levelextensive depletiorof groundwater reservesnd increased
salinity(LASUNEP/EOAR010)

There are shad surface and norenewable groundwater resources lying within and beyond
many counties of the regionFigure2 shows the Isared aquifersin the Arabian Peninsula

there are etensive groundwater reserves of varying quality are available in the shaeg de
non-renewable aquifers covering most countries of the Arabian Peninsula, Jordan and Syria.
The major shared deep groundwater sources atlee Eastern Arabian AquiferdJm Err
Raduma, Dammam, and Wajéetbcated in the Arabian Peninsuthe Shaqg aquifebetween

Saudi Arabia and Jordaand the Basalaquiferbetween Jordan and Syria.

Shared Groundwater Aquifer
Modified after MAW (1984 )|

Saudi Arabia

Saq Aquifer
Wajid Aquifer
* Tabuk Aquifer
Wasia-Biydah and cretoceous
sands Aquifer
Dammam Aquifer

Umm Er Radduma Aquifer

Figure2: Shared groundwater aquifers in Arabian Peninsula (MAW, 1984)

A lrge portion of shared surface waterstimatedat 56000 mcm of the total flow, originates
outside the regiofUN-ESCWA2007;UNEP GEO 4, 200The shared surface wategsources
are the:

9 Tigris and EuphratdRiverssharedbetweenlraq, Syria, Iran and Turkey,

1 the YarmoukRivershared between Syria and Jordan

1 AlKabee and OrontesRiversshared between Syria and Lebanand

1 TheJordanRvershared between Syria, Jordan, Lebanof;Tand Israel.

The water dependency ratio in the Middle East indicates the proportion of renewable
freshwater resources that originate outside the country in question. The high dependency
ratio of Syria, Iraq and Bahrain for example shows how highly dependent they arthem
countries for their freshwater resourcgBigure3).
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Figure3: Water Dependency Ratio in the Middle East by Country.
(Source: Strategic Foresight Gro2f09)

Countries such lIraq, Syria ar@PThave been experiencing reduceslirface waterflow
resulting from disputesaboutwater sharing.Currently, the majority of sharedater resources

do not have a binshg agreement to regulate their utilization and managemeASc
UNEP/EOAR2010) Cooperatbn among the countries is effected by the prevailing political
situation. Political tension in the past has resulted in reduction of upstream releases
Increased competition for the limited water sources to meet the demand of se@amomic
activities coull lead to regional instability; however it couddsobe used as a catalyst to agree
on fair allocation and improve management measurespeciallyfrom the nonrenewable
groundwater sources. The current extensive pumping practices from shared aogcifidd
potentially lead to further deterioration of the quantity and qualitf water with high
technical and financial implications to restore a sustainable condition. In addition, neglecting
to address the issue will not make the problem to disappear fouther exacerbatethe
situation and increase tension amotige countries ofthe region as well as with neighboring
countries.

Other complimentary water sources are available from desalination ofvatsr and brackish
water andreuse oftreated wastewater. Desalinated water with very low total dissolved solid
has become the main sourad water forthe domestic sectom most of theGCC countries
(World Bank 2005). The desalinated wateis combined with groundwater from the limited
amourt available,to bring its qualityup to drinking water standards. The total capaciif
current desalination production as well as that undmnstruction in the region is more than
3300 mcm per yearequivalent tomore than 56per centof the domestic wate supply share
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(World Bank2005). The regiorespeciallthe GCC countriesiccounts for approximatelg4
per centof globaldesalinationcapacity(UN-ESCWA, 2009)

Treated wastewater at desirablguality standards represents a potential n@onventional
source of water to augment the irrigation water supply. Countries of the AraB&minsula
subregion and also Jordan and Syria have initiated reuse of treated wasteviater
landscaping and agricultureestimated at 640mcm per year (UNESCWA2007). Of the
treated wastewatey lessthan 6 per cent is used as domestic water supply; 60 perisersed
in agriculture and landscaping; and the remaindedigcharged into rivers, wadi channgls
opensea, or injected into ground reservoitsAS;UNEP/EOARD10).

2.3. Socio-economiccontext

Social,economic and environmental factors influence the welbeing of society of each
country in the WA region. Countries of the regioave been formulating and implementing
policies to improve the standards of living thghuthe provision of improved watesupplyand
sanitation coverage and servicesid promoting economic activities to generate higher
income.

The economy in the past has been relying on a mixture of mechanisms mainlytoegula
However, in the last two dmdes a trend has emergadwards trade liberalization and
privatization in order to furtheitegrate irto the global economy

2.3.1. Population growth
Population pressure represents a major challenge for decision makers in the region as the
limited renewable waterresources will not be enough to meet domestic and irrigation
demand if prevailingoractices continueDuring the last two decades demographi@aoges
and socieeconomic developmentespeciallyin the GCC countrieshave lead to increasing
domesticwater demands in the region. The main drisenpacting water availability are high
population growth and urbanization, which increase demand for waRapulation growth
exerts two types of pressurde meet MDG goaithe first providing adequate drinking water
and sanitation services and the second producing enough fdbd.population growth in &l
countries of West Asia has bearcreasing at a fastgrace than the development of services
(UNESCWA, 2009).

The high population growth can be attributed to improved health care, large family size and
change in lifestyleespeciallyin the GCC countrie§ he total West Asipopulation increased
from lessthan 20 million in 1950 to 98 million in 2008 fivefold increase. It reachetll6
million in 2005 and is expected to @a146 million in 2015 (UNDROQ09). During the period
1985-2005 thepopulation sizevaried among the twoWest Asiasubregions In the Mastriq
subregion population was at 25.fillion in 1975 and reached 8@illion in 2005and is
projected at about 159 million in 204@hile for the GCCGt was at 7.1 millionn 1975, 35
million in 2005and is expected to reach about 61 million in 204tgure 4 below illustrates

the difference in population growth rates between the countries of WA (this study).
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Figured: Population Growth for WA countries 19¢2005. Bars show the average
population growth per annum fahe decades preceding 1885, 1995 and 2005.

The per capita share of water resources has decreased dihetapid population growth, as

evident by the decreasing trends of renewable watesources per capita (Figure 5). Some

countries show severe watertress, with values below the water poverty threshold. The

annual per capita of renewable sources provides an indication of the freshwater vulnerability

to natural and marmade activities expresseith cubic metes (m°) of renewable water

resource percapitt ¢ KS 2 Said ! AAF NBIA2YyQa |yydzat LISN OF
m?in 1985, to 907 rhin 2005 (UNEBEO 41 nnT 0 ® ¢ KS NBIA2y Qa +yydz f L
availability Figure5) is very low compared to the world average of 7243(BEDARE AWC

2006). Sulsegionally, the per capita water availability for the Mashriq fell from 2844rm

1985 to 1608 min 2005, while for the AP it fell from 313°rim 1985 to 156 min 2005.

Currently the Mashriq subegion per capita is estimated at 1500° while for the AP is

estimated at 125 M(UNESCWA, 2007). Future per capita share in renewable water in WA

region is expected to decrease to reach 650im2025 and 420 fin 2050 due to anticipated

population increase as shown figure6.
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Figure6: Trends and projection of share of renewable sources in West Asia
Source (UNEBE®4, 2007)
2.3.2.Urbanization
The increase irthe population growthrate was accompanied by high urbanization rate

resulting from theincreased economic activities, migration from rura¢@s and an influx of
foreign labor.Push factors from rural areas includgecreases in water availability due to
depletion; the frequent occurrence of drought eventand degradation due to salinizatign
deterioration of range capacityand frequent drought cycle@NDP, 2006; UIESCWA, 2009)

The

high urbanization rate is ovetretching the urban water infrastructurereating water

shortages and unhealthy living conditia mainly in Mashriq countries (LBEWCWA, 2009)

The

uban populationrate in WA increaseffom 23.7per centin 1950to 55 per centin 1980,

reaching66.5 per centby 1995 and 69 per centin 2000 (UNEP, 2000 GEOZ2). In 2005, it
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reached 85 pecent in the GCC and 71pér centin the Mashrg (UNDRP2009).Moreover,the
change in the consumption pattern has resulted in increased per capita water consumption
and the generation of more waste.

Urbanization process has created many urban @Enin excess of more than million people
putting more pressureon the government budget to expand water supply and sanitation
infrastructure to newly builiareas. Domestic ser shortages have becomne probem in key
OAGASA Ay GKS NEB Yem2nfades selefe wltdr ShdrtagdWECRA0Y) INQ |
Amman Jordan shortages have reached a critical point forcing the government to make a
major undertakingby piping water to the city from the Disi adar, some 325 km away.
Damascus Syria,had an abundant water supply in the pastpuwever as the population
reached 3.8 million in 2000 water shortages started to bg feading to the implementation

of waterrationing Water shortages are also experieutdn Palestine and some cities in Saudi
Arabia

The housing sector expansion in newly developed areas is taking place at a faster rate than the
installation ofwater and sanitatiorinfrastructures. Many nely built areas lackwvater supply

and wastavater collectionsystems.There wasan increase in the number of slums during the

last decadereaching 15, 25, and 3der centin Jordan, Syria and Lebanoespectively,and
doubling in Yemen WUNHABITAT 2003. Furthermore, current urbanization practices are
contributingto loss of fertile agriculture land (encroachmentand sensitivecoastalshorelines
around some of the major citiggand reclamation)

2.3.3.Water relatedMDGs

In general, there has been majprogress inthe last two decades imxpanding access to
water supply and sanitation services\MA, despite the financial limitation of some of the
countries This progress was undertaken not only to achieve the Millennium Development
Goals (MDGSs), but also because water supplies and sanitahd moved to the top afany
oftheO2dzy i NASAQ | ASYRIFa & AYLERNIFYy(l GRiLIRYySyida
However, while severaVA countries have achieved commendable progress in providing safe
drinking water and sanitation to their populatis, there are stillsome countries lagging
behind Figures 7 andB).

In the WA region, there arapproximately 37 million people that do not have access to safe
drinking water and about 40 million peoptkat need access to sanitation servicgsEDARE

and AWC2006) This is largely because thegseople live in lower income countries, are under
occupation, or are riddled by war arwbnflict. It is estimated that the total financial cost of
providing the water supply and sanitation services requitechalve the proportion of the
population without sustainable access to safe drinking water and sanitation by the year 2015,
under MDG7, would be about00 000million and62 000 million USdollars, respectively
(CEDARE and AVWADO6). At this point, the lowencomecountries do not have the financial
resources to make this sort of investmenfvestment in providing clean water supply has the
potential to generate a high return in reducing healthre costs. Iturrent practics and
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trendscontinue, large invetmentsin waterand sanitatiortreatment facilities will be required
in the futurefor the protection of general publibealth, particularly given the higopulation
growth andassociated urban expansion.

An added benefit to improving sanitation measures is the potential use of treated wastewater
in the irrigation sectoto alleviate water shortage However, social barriers imanycountries

in the regionhinders increasedeuse even in countrieghat hawe achieved the treatment of
their wastewaterto the level of well recognized standar¢third degree of treatment) that
allow for its use in the irrigation sectoflhis opposition can be attributed tarmera gersonal

and religious beliefs.
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Figure7: Trends of population with access to safe drinking water for the periods1990, 2005,
and 2015 (CEDARE and ARGD5)
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Figure8: Trends of population with access to sanitation for the periods 1990, 26632015
(CEDARE and AVADO5)

2.3.4. Economic activitieand Water Demands
The oil, agricultural and industrial sectors provide a diverse source of income for the region
and are contributing by different degree to the groess domestic product (GDPf the
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individual countriesThe main source of income for the GCC countries is oil and the associated
petrochemical industrieswhile for the Mashriq suegion it is a mixture of agulture,
industry and labor remittance contributiongUNDP,2009) In the Mashrigsubregion and
Yemen, agriculture is the main economic activity, contributing3@@er centof GDP and
employing more than 4(@er centof the work force (UNESCWA and ARI002). Currently,
most of the countrief the WA regiorare experiening different degrees of water stress to
meet the increasing water demane@speciallyin the irrigation sector. The increases in water
consumption in the domestic and irrigation sectors is due to high population growth,
improved standard of living and improved waterpgly and sanitation infrastructures,
increased irrigated areas anaverall increased industrial activities Municipal water
consumption escalated from 800 mcmin 1990 to about 11000 mcmin 2000, and is
currently approximately estimated at 130 mcma trend expected to persist in the region
(Hgure9) (UNESCWA003.

Although urban demand is high, the agricultural sector consutimesnost water, accounting

for more than 80per cent of total water used(Figure 10). During the past few decades,
econonic policies favoring food setufficiency and socieconomic development in many
countries in the region have prioritized the development and expansion of irrigated
agriculture. Agricultural water uséncreased from pproximately73000mcmin 1990 to moe

than 85000 mcm by2002period UN-ESCWA2003), andreachedabout 87000 mcmin 2007
(UNESCWA2007F SESNIAY3 AYYSyasS LINBaadaNB 2y (KS
Although many countries recently abandoned such policies, agricultural water roptisn is
expected to increase, and problems in allocating water among agricultural, domestic and
industrial sectors will worse(rigurell).

Meeting future demandn WA countries, mainly in the irrigation sectovill lead to major
depletion of groundwate resourcesespeciallyfrom nonrenewable aquifersand will also
require significantinvegment in desalination and wasteater treatment and distribution
networks Such investmertould be beyond the financial capacity foost of the counties of
the Mashrig subregion. The percentage of wateaavailability according to the suppspources
and consumption of differarsectorsfor the Mashriq sukregionis shownin (Figurel2).
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Figurel2: Percentage of water use in different sectors in the Mashrigragion

2.3.5. Water Sector Financing and Contribution
Government budgetinfluenced by the magnitude of GDB the main source of funding for
the development and management of the water sector. Annual budget allocation contribution
to the water sector varies among countries of the region with higlilercation the GCC while
some countries mainly the Mashriq duregion, depend on Arab and international lending
institutions to finance their water supply and sanitation sectoAchievements vary among
countries based on theirpoliciesand priorities among the various sectors, namely water
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supply and sanitation covage, increases in food productioallocation of sufficient funslto
invest in infrastructure andhe provision of financial support to increase agriculture and
industrial productivity.

The regio@ & GRRhasfwiththe volatile price of oi| contributing US25800 million in
1995 andUSp693 000 million in 2005 withthe intention to invest in the water sector and
improvement of social benefit&JNDP2009).The GDP of the G&@regionreachedUS5600
000millionin 2005 mainly from oil revengavhile the GDP of the remainingpuntries ofWest
Asia region was estimated &tS592 600 million. During the period 20040 2008, the GDP
growth rates in the GCC fluctuated frams low as5.3 per centin Saudi Arabia ta 20.8 per
centin Qatar in 2004while for 2008 it ranged from 4.fier centin Saudi Arabia to 9.per
centin Qatar. For the remaining countrieis ranged from 2per centin Palestine ta23 per
centin Iraq in 2004 compared to der centin Palestine and Pper centin Iraq in 2008 UN-
ESCWA200). High GDP growth,speciallyin the GCC countries, due to increased economic
activities resulted iman influx of foreign labarers from someof the ESCWA countries and
other parts of the world putting more pressure otthe water supplysector. The growth in
tourism also contributed to a small increase in the water demands. This sector employed 20
30 per centof the total population contributing 8.5 per centto the total GDP.

The irrigation sectohas contributed lover relativevalue to the ®Pthan the industrial and oil
sectors Agriculture contributed 2830 per cent of GDP in the Mashrig stutegion and Yemen

and 2per centin the GCC countrida 2005(UNDP, 2005). During the period 198805, the
sector employed 164 per centof the labour forces mainly in Yemen, Syria, and Palestine
with a small 5per centin GCC (UNDRO0O09). Agriculture has still made relatively good
economic contribution for some of the countries such Lebanon, Syria, Irag, Oman, Saudi
Arabia and Yemen. M@ver in many countries, agricultural production has not kept pace with
the rapidly increasing demand for food, resulting in a widening food gap that is filled by
imports.

GDP percapita data indicates that most countries experienced higher per capita
improvemensto the standard of livingvith this GDP growth. Thisasresultedin higher water
consumption estimated at 356600 liters per day for most of GCC countrilSASCUNEP,
2010) The recently hig food prices have influenced the agriculture policy to achieve food
security goal (e.g. by investing abroad and preisgrwater in order to meet the MDGs
related to water supply and sanitation requirementBurthermore, increases in commodity
prices egeciallythe recent foodprice crises haveeroded individual incomg especiallythe
poor, leading to the maintenance of government suiesdof the water supply and the
irrigation sectors. Prevailing inflation situat®muring the last five yeargspecally have
forcedmany governmergof the region to maintain subsidies to establish a safetyfoethe
well-being of the general public.

Social safety nstin term of sulsidies have been justified on equiyounds, especiallyfor the
poor, to enhance water provision in all countries of the region. The water supply prowision
all countrieswas subsidized througlow water tariffs estimated at mucHess thanwater
production and distribution costThe production of desalinated watereneraly has higher
production cost thanthat from surface and groundwater sources. Significant financial
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subsidiesare beingprovided by the GCe€buntriesfor the provision of excellent water supply
quality and adequate quantitieswhere the costof the desalirated water production is
estimatedat US$ 1-2 per cubic meter (World BaniR005) compared t@ very low water tariff
rates in the local currency Extensiveagricultural subsidies were provideby the GCC
countries Syria, Irag and Yememoreover, he remaining countries provideifferent types
of subsidies to the agriculture sector to enhance farm income and increase productivity.

2.3.6. Social benefits
Water availability, dependability and quality has implicatidar entancinghuman welfarein
regards to human healthndthe satisfction of thehuman rightto adequate and clean water
supply and appropriate sanitation coveragéhe most important social dimension is to
provide real opportunity for the people to improve their living condigpachieve human
security, good health and material nee@ he principle of water as a human riggititleseach
individual to sufficient, safe, accegble physically accessible and affordable water for
domestic use(UNDR 2009) To satisfy this principahe ountries of the region have been
committed to improvng the social wetbeing for all segmestof the society to provide
adequate and safe water sourgesmdthe collection andreatment of domestic waste which is
considered a part othe MDG.

The aailability of clean water supply and sanitation (both collection and treatment) has social
and environmental implicationsClean water essential for sustaining life, has major health
implicatiors especiallyfor the poor, due to their low capacity to copwith risks. Increased
pollution level being experienced in many madf the region especially the Mashriq sub
region,is posing high health risko the communities, reducing water supplies and damaging
the fragile ecosystem regimes. As the quality @ftev resources deteriorate, the health risk
level is increased as well as the cost of healiteandthe treatments costf highly polluted
water is increasedPollution sources are taking place from either ceeploitation ofthe
shallow groundwater leading to water quality deteriorationpr direct pollution fromthe
disposal ofdomestic and industrial wastes and irrigation return fl@vcontaminated with
pesticides and fertilizers.

Many rivers springs and shallow groundwater sources have shown symgtfpollution as a
result of the dumping of raw or partially treated wastewater along rivers courses and wadi
beds(Hamadet al., 1996) The percolation of such wastes into shallow aquifers represant
major health riskrom especiallynitrate, fecal ciforms,undetected viruses and heavy metals.
Contamination in this wayoses a significant health risk acedn causemalaria, nutritional
defects water-borne diseases sudsGiardiasisand Cryptosporidiosj@and respiratory illness.
Nitrate contaminatiorof groundwater sources in the Mashriq countries ppaeserious source

of illness for infants. Nitratean cauge methemoglobin (blue baby syndromea) infants, a
condition that can result inbrain injury, mental dysfunctionor death (UNU 2002). Air
pollution from emitted oxides, high brine reject concentration, residual metals emitted during
production of desalinated water also pose health tiskhe surrounding maria environment.
Besides the health cost of pollution, rehabilitation of polluted surfacel groundwater
sources incurs high costjth a low likelihood of success for groundwater
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Despite thegenerous subsidies, the agricultural policies @t@d in many countries have not
achieved their desired goalas the sector performance indicators are very limwachieving
food security with major negative impaatiiring the period 19920080n the depletion and
deterioration of limited wate resource. Aricultural performance and food production in the
region iemains unsatisfactory (Dabguw2006;LASUNEP/EOAR, 2010). The GGieregion still
imports morethan 50 per centof its food. The subsidition policy has exerted additional
pressure ortheir limited water sourceshrough creating a incentive for irriga¢d agriculture,
leading to increased wateroasumption in the irrigation sectowith extensivemining of
groundwater and cultivation of water intensive cropghere has also bedncreased pollution
from pesticide and domestic wastes. Over the last twoatkss, the net irrigated aretipled
acrossall GCC countriet ASUNEP/EOAR, 20110

2.4. Water Governance

Duringthe past few decades, econompmlicies favoring socieconomic development and
security were adopted in many countries without due consideratiorwater scarcityand
adequate water availability. Even thoughese policies haveontributed to increases in
income level, improveé@ducation and health systems, it has heaine adversenvironmental
effects related tourban and irrigated agriculturexpansion Such considerations were not
placed highon the political and economic agendaAvailability of financial resources was
looked at as a vehicle to resel any water shortageroblem without addressing the future
challenges and constraint$he currat situation revead that depletion ofwater resources

and deterioration otheir quality possa human securitghallengefor future generatios. The
current water problem is associated with the absence of holistic planning in line with the
integrated water resources management (IWRM) framework in many countries. The main
pillar of IWRM is good water governandetegrated water resources managenterequires

the application of good water governance that emphasizes the implementation of effective
institutional and legal frameworks. Whilst senior water professis@aald managers need to
understand and communicate the issuegsponsibility for actioniés with government
ministers, policy makerspoliticians,and community leadersAll of these partners form the
water governancelt includes,enabling environment (integrating policy), water legislation (a
legal frameworkto set the implementation of plicy, water institutions and building capacity,
stakeholder participation and financing structurelndicators of governance consist of
accountability, effectiveness, regulatory qualityule of law control of corruption and
institutional quality(UN-ES®&VA/ BGR and GTZ2)04)

Currently, he water sectorin many countriedacks appropriate governanceowing to the
difficulty of the required reform and integrationof water policy with sociceconomic
development polig, as well asnadequate institutional arangements. As a result existing
water policies are fragmented and focus on the issue of water developrfenincreasing
water resourceswith little attention to an integrated management approach. Past practice
negleced addressing the institutional arrgemens to delineate overlapping function,
jurisdiction in water and water related sectoend legal enforcemerfor the implementation

of water policy Lack of coordinatiohascontributed to waste of financial resources, depletion
of natural resourcegespeciallywater) and degradation of the environmen§uch losses have
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occurred despite some countries updating their water legislation, and this can be attributed to
a lack of provision of theadequate financial and human resourcescessaryfor their
enforcement.

The achievements of enhantenanagement of wateresources, economic efficiency, social
equality and environmerat justice call for better governance practicthe linkages between
these issuesnean that economic, sociaind admnistrative mechanismsanall contribute to
improved water governanceThe following measures can contribute to improved water
governance in West Asia:

1 Application of strong water governancemeasurescan contribute towards policy
integration,
Enhanced institutional @angement,
Improve the leghframework and its enforcement,
Increase coordination
Transparency and accountability, financial efficiency
Decentralized decision making process,
Encouragenent of public participation, protedhg individual rights, sharg
experiences and promotagparian cooperation.

= =4 -4 4 -—a -9

Evaluation of thecurrent state of theséndicators in the water sector in the regiondgficult;
however the prevailing trer&l do vary among countriesThere is evidence a#ith better
performance orthe rule of law, institutional set up and regulation and less on accountability
for water distribution, cost recovery of water structuend effectivenessn water use and
management.

2.5. Climate change and wataesources

Anthropogenic timate changedue to increasing mamade emissiongs now an agreed upon
reality being debated at the international levels the UN, other international organizations

and scientific communities. Fossil fuel combustion is the main source for the increase of the
greenhowse gas emissionsaused byincreased soci@conomic development activities and
mismanagement of natural resourcesuch as overgrazing and accelerated development of
urbanization centers. Other emissions includetrous oxide, methane, ozoneand
chlorofluorocarbons The Fourth Assessment Report of the Intergovernmental Panel on
Climate Change indicated that the global average surface temperature has increased’ly 0.74
during the last century(IPCC 2007%. The change intemperature regimes during the
19"century was an increase in the range of @3 °C, while for he past 40 yearthe increase

was within the range of 0:2.3 °C since 1970 (IPCQ007%. This temperature change was
accompanieddepending on the emission scenarlay increases or decreases in rainfall with
heavy amountsn some region®f the world,increasel evgpo-transpiration rates, and a sea
level rise of 0.17 m during the same period. Projections indicate that 1§)0,2global
temperature is expected tincreaseby 3- 4/C and the sea level may ribg about 0.180.58

m. In addition, arincrease in temperature of-2 AC could decrease rainfajloballyby 510

per cent(IPCC, 2007)
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2.5.1. Global impacts
Climate chage is expected to haviepactson the weltbeing of dfferent segmentf society
with a higher impact on the most vulnerablgomen and chdren, poor and disadvantageals
well asthe natural system. The impacts are expected taty in space and time. Climate
change could havenajor implicatiors for human tealth. There are emerging new diseases in
many regioss of the world that may be attributed to changing weather patte(tYNPD, 2009).
Climate change could pact plant and animal growthputrient cyclesand increases in
incidence @ different pests and deases. Thampact could affect natural vegetation species in
shifting the beltof these species up to higher elevatidrow land costal zones, especially
along the @lIf and small islandswill be exposedto sea level rise, and théncreased
temperature am changedwave patternscould threaten tourism activities and ecosystems,
includingcoral reefs, sea grasand the fishing indusy.

Climate changeould be the cause of the curreimcreases in weather related disasteit was
reportedthat in the year 200@here were500 events compaikto 120 events in 198with a
sixfold increase in flooding event§ NEP/GEO, 2007). Extreme events such as flooding will
increase surface runoff with increasie sediment loadnutrient, pesticidesheavy metals ito

rivers or wadi coursedncreases in drought frequency and intensity can lead to accumulation
of sediment, reduced areas of arable land and soil erosion from reduced soil moisture,
reduced upstreaninflow of shared rivers and rechargkie to decreased rainfall amounts

the outcrop of the shared aquifersThis couldiead to increased congtition for natural
resources andhtensificationof disputes overwater allocation and political tensian

The agriculture sectoibeing amajor waer consumer and faced with a challengepgmduce
enough food, is expected to be impacted the climate change resulting from changes in
temperature and preipitation regimes. The impacts mamgry at thebasin, sukbasin, national
and regional level<Climde change could have positive or negative impacts on the agriculture
sector productivities.rl broad terns, climate change could boost productivity in developed
countries and decrease it in developing countries (UNDP, 20G2prding to the recent
HumanDevelopment Report (UNDP, 2008)fferent model projectiosindicated that by 2080
agriculture potential could be boosted byp&r centin the developed countries resulting from

a longer growing seasowhile developedcountriescould see a decrease ofp@gr cent Food
shortage has forced many countries to focus on food security instead of food sufficiency due
to (among other factorsyhortage of wateresources. Food security achievemenil force
many countries to assess their requirement by focusamgfood availability, accessibility,
utilization and the system stabilityand thus intensifying food productiorzood shortges will
force many countries to beependent on foreignmports. Climate change could impact the
production from rainrfed agricultwe and decreases the productivity per hectare due to
variable andeduced rainfall and soil moisture

2.5.2. Potential impact on West Asia region

Although the ArabregionR2 Say Qi O2 y (i NA pedziei® of ¥@alNeRiissionk lofy”  p
Greenhouse gases (GHG), tienate change impact on the region is huge (AFED, 2GIDL
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countries are shouldering the biggest share of Wigole region. The countries of the region
are expected to be impaet by the climate change phenomerRecent studies indicated that
the degree of the expected impacts will vary among countries of West Asia regiuh the
GCC countries will be particularly affectddhe climate change global indstudy developed

by Maplecroft classified countries in different parts of the world according eéodégree of
exposure to climatehange Abdel Hamid, 2009). The study indicatbat some countries of
West Asia may experience different degrees of impacts ranging from extreigmificant to
highly vulnerable tahe impacts of climate change. This Indekassified Iraq globally dke
fifth country that is extremely vulnerable to decreased water and foasdlailability and
extreme temperature and its associated health problem. Bahemid Qatar were ranked
eleven and areprojected to suffer significant ingets because oftheir small area and low
elevation coastal zones will be exposed to sea level rise. The rest of the GCC counties are rated
as highly vulnerable and Yemen as extremely vulneraliddg/Hamid, 2009).Cliate change
and environmenal degradation could threaten the progress made toward achieving the $1DG
from reduced water availabilitgoupled withhigh population growthStudies dealing with the
analyses of the impacs of climate change for West Asia regiare very limited due to daa
availability coverage and lack of its dissemination.

The change in precipitation regime (amount, intensity, duration, distribution and seasonality)
will influence the availability and dependability of watesources dudo the unpredictability

of weather events. Future projections suggest a decrease in rainfall in the region according to
most global climate models (Meslami, 2008)Rainfallis projected to decrease by 2{&r cent

over the next 50 years (KhordaglD07).The Mashrig regiomainfall maybe decreasd by 25

per centat the regional level andt some locations by 4fer cent(Shindell, 200y Results
from a Eiropean Unionproject on Mediterraneanregion supported these projections and
indicated that there will begeneral and continuous drgiint conditions with increases in water
deficits in the Mediterranean region (Hanse al., 2007). The project alssuggested that
Lebanon, SyriaJordan and Palestine may experience higtiuction in the rainfaltlue to the
expectedchanges in th@eneralweather system pattern.

The increases in théemperature could influence the quality of surface water terms of
dissolval oxygen, stratification, mixing ratio, self purification and biological content and
growth especiallyalgal bloom, bacterial contérand fungl levels Khordagui 2007). Ircreases

in temperature may result in heat wavegth impacts on health, highewater and energy
consumptionsandincreased incidence of diseaégurel3).
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2020s RCM

Figurel3: Regional climatenodel projections of precipitation changgsef cen) for 2020,
2040 and 2070 relative to 1990 (AFED, 2009)

A decrease in rainfaind an increase in temperatugge projected to contribute to increased
evaporation and decreaslesurface water and associatgdoundwater rechargeThe increase
in temperatures and the associated sea level rise idllt in seawater intrusion into the
groundwater aquifersalong coastal zones especiaillythe Arabian Peninsula subgion as
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many wadisare drained into the long coastal zones. Intake of desalination may be impacted
with the potential of additional engineeringdesignworksand environmental assessment to
accommodate the expecteidcreasein seawater temperature andalinityconcentation.

In regard to shared watenesources, it was predicted that the Tigris and Euphrates river Sow
could experience a flow reduction of Z3 per centaswell asvariation of quality as most of
the winter precipitation may be in the form of rainstead of snow(Kitoh, 2008). Reduced
water availability will increase competitioand disputesin the absence offinal sharing
agreemens (LASUNEP, EOARO010).

Weatherevents experienced during the last five yearshe region such ahe flooding Guno

in Oman in 2007Yemenand UAEin 2008 could be attributed to climate changeyabne

Guno caused major flooding with significant increasies recharge ratesto the shallow
groundwater sourcesdamage to infrastructure(housing, road, water distribuan and
wastewater collection system, dams, dikesgnd loss © biodiversity In the Mediterranean
there is consensus that climate change and the increased frequency of extreme weather
events will likely cause more flooding and droudbyrig Jordan and Leimonwill experience
extended drought.

The impact of climate change needs to be assessed through the evaluation of the prevailing
two weather systems in the regioi.he two major climate zones that affect the rainfall
regimes are the Mediterranean winter system affecting Lebanon, Syria, Jordan and Palestine
and the Indian monsoon effecting south western gasf Saudi Arabia, Yemen and eastern
part of Oman
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Chapter 3
Methodology

Chapter Key messages

1 The aim of the Freshwater Vulnerability Assessment is: to provide a vulnerability
assessment at different scales in order to generate information for decision makers.

i Data is collected in the form afn intensive literature review to provide a general
trend of the parameters of the vulnerability index. From this a conceptual framework
of analysis is formulated which facilitates the development of a detailed work plan.

1 The methodology relies on the algation of the DPSIR framework. Drivers include
population growth and urbanization; water resource availability or deficit; and
pollution. Impacts include the change in state of water sector performance and
adaptability as a result of climate change, andition to other socieeconomic
activities. Responses are estimated by the adaptive capacity of the ecosystem and
humans to potential threats.

1 Vulnerability is a function of resource stress, water development pressures, ecological
health and capacity. Bad on these parameters, the vulnerability index (VI) provides
an estimated value for a given year rangfngm zero (non vulnerable) to on@nost
vulnerable) to delineate severity of the stress being experienced by the water sector.

Damageof road structures by floodn
SouthWestern Saudi ArabigACSAD2008)
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3.1. Introduction

Anappropriate tool to assess freshwater vulnerabilgghe simplified approach developed by
UNEP in 2009 under the title Methodologies GuideliWeterability Assessment of
Freshwater Resources to Environmental Changag the data availability and its coverage at
the national and regional levels. The gelide objectives are to provide a vulnerability
assessment at different scales (basin, -balsin, national and regional levels) for generating
timely and adequate information for decision makers. Also it allows the analysis of the state,
trends and interréationship between the following components: water resources availability
from natural hydrological regimes, resources development and utilization for maintaining
human well being for meeting MDG goals and socioeconomic development, water availability
for the maintenance of ecosystem equilibrium and existing management capacity.

According to the assessment guidelines, assessment of the vulnerability of freshwater will
consist of the following tasks;

I. A desk study to evaluate existing literature and collecter and water related
information needed to define the most influencing parameters that can delineate
potential threats and evaluate their impact

Il. Analysis of the status of water resources availability from the prevailing natural
conditions, developmentuse and management practices as well as identification of
key issues that influence resources vulnerability.

lll. Analysis of the DrivefBressuresStatelmpactsResponses (DPSIR) for the water
sector in order to identify and evaluate the impact of the mairvers and the
pressure parameters, evaluate the current state, expected trends and expected
responses to existing and future stresses

IV. Estimation of the integrated vulnerability index defined in the assessment guideline
taking into consideration the DPSpRrameters and preparation of maps showing the
degree and the coverage of the threats including hot spots at basin, national or
regional levels

V. Drawing a general conclusion on the freshwater vulnerability that may result from
natural phenomena and mamade activities such uproper utilization of the
resource, pollution and climate change impacts and, finally drawing conclusions and
recommendations to cope with future vulnerability.

3.2. Data Acquisition and Assessment process

Following the procedures oddzft Y SNI 6 Af AG& | aasSaaySyd 2dziftAySi
DdZA RSt AySazé RSOStf2LISR o6& ,2009) twolrgsearcht t8angd y 3 ! YV A
from AGU and ACSAD were formed to conduct an assessment of the West Asia region. A desk
studywas undertakeninwlvinganintensive review of relevant literature artte collection of

extensive data on water resources, water pollution and economic information from
government reports, research centers, UN and international organizations databases, research

papers, pticy reports, maps, etc. These data were sometime insufficient, incomplete and
contradicted.Thus, the present analysigll provide a general trend rather than an accurate
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estimation of the different parameters of the vulnerability inddAowever, tremendus
efforts were made tofilter, evaluak and ensue the consistency of these data. Dateas
extrapolated to account for gaps in information and to make future projectiémem these
pools of data and informatigna conceptual framework of analysis wasrmulated and a
detailed work plan was developed. Continuous consultation and exchange of information
between teams ensured consistency of information.

3.3. Approach

The fresh water vulnerability methodology (UNEB09) relies on the application of DPSIR
framework to evaluate the integrated effect of the most dominant factors in order to
delineate the system performance and adaptability that may take place as a result of the
modification of natural processes and soeeiconomic activities and institutional asgs. The
methodology based on DPSIR principles evaluates the main drivetading population
growth and the associated urbanizatiptihe pressure parameters; water resource availability
and deficit due to natural andnthropogenicactivities and pollution from different sources
especially wastewater. The impacts would include the change in the state of water sector
performance and adaptability resulting from climate change and other socioeconomic
activities; while the response parameter istismted by the adaptive capacity of the
ecosystem and human being to potential threats.

The levebf detail attainableis dictated by data availability in terms of sgaleverage andhe
temporal extent of historic recordsThe smaller the scale of thealysis (e.g. sub basin, basin

or part of the country) the more details will be available on the variation of freshwater
vulnerability influenced by hydrological regimes, degree of socioeconomic activities and
environmental conditionsThisstudy, undertalen at thenational scale can form a baseline for
more detailed vulnerability assessmentt smallerscales ljasin; sub-basin or regions of a
given countryas well provide many policy options.

The fresh water vulnerability index (Migr each country of e West Asia region was
calculated for a tefyearperiod interval starting 1985, 1995 and 20@md waghen predicted
for the years 2020 and 2040.

Theexpected environmental impacts from water depletion, pollution and climate change
evaluated for twocasestudiesin the shared water sources in the Western Asia region.
Evaluation was made for the shared; surface water of the Euphrates River antbthe
renewablegroundwater Dammam aquifer

The future vulnerability indices in relation to the associafiedr main parameters have been
assessed for two scenarios (up to 2040), with andeuttthe impacts of climate change:
Scenario (1Normal population growth

It is assumed that the population growth rate will be based on the United Nations population
projection trends reported in its publication for the countries of the region

Scenario (2Normal population growth and reduced water sources
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In this scenario, the impact of climate change is imposed on the previous scenario, manifested
by a decreasel/increase in water availability due to changes in rainfall amount and snow
accumulation.The results of these two scenarios aresentedin chapter 6

3.4. Vulnerability Index (VI)
According to the UNEP methodology, vulnerability is a function oémeatailability, use and
management parametershe vulnerability index can be assessed from the application of a
number of governing equations to estimate the four parameters, as follows:

3.4.1. TheResourcelress (RSparameter
The water stress indicator isflnenced by the availability of renewable water resources and
the consumption patterns of the growing population (RSs) and water variation parameter
resulting from long term rainfall variability (RSv).

3.4.2. Water DevelopmentPressures (DPparameter
Freshwatemresources in the region depend on rainfall and recharge distributions. The higher
frequency of occurrence and the amount contributed to an enhanced water availability and
dependability. Water development mayexperience different degree of pressures from
increasing demandh different sectors and its pollution from different sources of wasdss
these two factors can diminish supply potential.

3.4.3. Ecological HealtEH) Parameter
Thewater ecologicahealth parameter is a measure of the impacts of pollutiomf different
sources on ecosystem equilibrium and protection. An arid ecosystem with low resiliency
requires more time toregenerate or adjust to a reasonable stage of sustainability. Water
pollution in the Western Asia region represeatmajor threatto future water availability and
as poses a majdahreat to health.

3.4.4.Management Capacity (M@arameter
Freshwater vulnerability is improved by the implementation of effective management
practicesthat contribute to water sustainability. Evaluation of theamagement capacity
provides a measito evaluate how effectivig the water sector is being managed.

3.5. Freshwater wulnerability index estimation
It is estimated based the consolidation of the values of the four main parameters
estimated by the above mentioned =f (RS, DP, ES, and M@jh be assessed from two
perspectivesFirstly,the main threats to the availability of waterseurces, their development
andwater utilization dynamigsand secondly,apacity to cope withlthe potential national and
regionalthreats to water availability.

The vulnerability index (VI) provides an estimated value for a given year rangingzero
(non vulnerable) to onémost vulnerable) to delineate severity of the stress being experienced
by the water sectarAll the govermg equations to estimate the above mentionpdrameters

are presented in annex
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Chapter 4

Assessment of freshwater vulnerability to climate change

Chapter Key messages

T

All countriesof West Asiawith the exception of Syria, have large water variation, due
to their arid and semi arid climat& he countriewill therefore be very vulnerable to
climate change impact#t is expected thasll the countries will be affected by climate
change

Water pdlution from domestic and industrial wastes wi#duce the availability of
usable freshwater

Levelsof access to clean safe water airecreasing with time, reflecting improved
management of resources.

For the Mashriq subegion, vulnerability is increagy in all countries.Most countries
have been experiencing different degrees of water stress depending on the availability
of dependable flows from major rivers specially shared o@eaintries suclas Jordan
and Yemen are under severe stress while tlemaining countries have adequate
surface water sources.

Additional effort is needed for improving water use efficiency in most of the Mashriq
countries as welkinceany variation in precipitation will affect the available water
resourcesAll countries are very vulnerable to climate change. Téiectsan urgent
need formitigation and adaptation plang be adopted by all the countries of the
region.

There is a requirement for plarie providingtechnical support and policy backup to
mitigate these pressures. A longderm and appropriate strategic development plan
should be adopted, with a focus on rebuilding capacity management to deal with the
main threatening factors.

Old irrigation g/stem (Nouria) on Orontes RiveggHama-Syria

(Syrian Dutch cooperatioannual report, 2008
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4.1. Introduction
The freshwater vulnerability index (VI) for each country of the West Asia region was calculated
for a ten year period at intervals starting 1985, 198%d 2005, and was estimated for the
years 2020 and 2040. The VI was estimated according to the methodology and equations
presented in Chapter 3 dealing with the four parameters of;

1 Water Stress (RS) depending on water renewability and water variation,

1 Wate Development Pressure (DP) depending on exploitation and safe drinking
inaccessibility,

1 Ecological Health (EH) depending on water pollution and ecological deterioration,

1 Management Capacity (MC) depending on three aspeatster use inefficiency,
sanitaion inaccessibility and conflict management.

The evaluation of each of the four parameterd@sed on a range from zero to one; with one
representing a high severity of freshwater vulnerability to threats such as climate change,
depletion and pollution (i.e. the given country is under high water stress), while zero
represents no freshwater vulnerability from such threats.

4.2. Results of the asessment:

4.2.1.Resources Stress (RS) parameter
The vulnerability of fresh water resources to external threats either, natural or-mmaate or
both, may impact water quantity and quality thus contributing to stress about water
availability and distribution variation across temporal and geographicalscale

Water resources stress (RSS)

The water stress for each country was estimated based on per capita water resolinees.
water availability stress was calculated for three different years (1985, 1995 and 2005), as
shown inTablel. The calculations takatio account the amount of desalinated water as part

of the renewable water resources in GCC since it has become a main source of supply for the
domestic sectorThere is general increase in water stress with time fbicauntries of the

region figureld). Based on the 200Bigures critical water stress in the range of 0.0.95is

being experienced by Yemen, Jordan and Palestine and high water stress is being experienced
by most of the GCC countries except Oman. Lower values were found for the remaining
countries as they have large volumes of surface water (generated outside their boundaries)
and also relatively higher rainfall rates and snow accumulation. Iraq displays the lowest water
stress value due to relatively abundant river flow from its two maieers. A map showing the
freshwater stress parameters for each country for the year 2005 is shotiglmel5.
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Tablel: Water Resourcs Sress(RSsparameters for West Asia countrie¥alues of 1

indicate high stress an@lindicate least stress

0.00

1985

1995

2005

Country RSs
1985 1995 2005
Syria 0.15 0.36 0.49
Jordan 0.67 0.88 0.90
Palastine 0.88 0.93
Lebanon 0.00 0.27 0.35
Irag 0.00 0.00 0.00
Yemen 0.79 0.82 0.94
Bahrain 0.56 0.65 0.67
Kuwait 0.77 0.78 0.84
Oman 0.00 0.30 0.36
Qatar 0.53 0.54 0.68
Saudi Arabial] 0.31 0.52 0.59
UAE 0.55 0.58 0.63
RSs
1.00
090 I /! ___—X —-Syria
050 L _ // +;or|da:ine
o) -=-Palas
% 070 .// - g —&Lebanon
5 060 // —-lraq
§ 050 =¥Yemen
7 040 / -e-Bahrain
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Figurel4: Trends of water stress parametgiRSsjor different countries
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Figurel5: Water stress parametgiRSsjor the year 2005
Water variation (RSv):

Water variation can be estimated by the coefficient of variation (CV) of thetlermg average
precipitation over a long period of observation preferably covering 50 years. It is kinavn
the higher the rainfall coefficient of variation the less the deghility of water availability
resulting inhigh vulneraliity to climate changes a result of increased variability in rainfall
regimes The coefficient of rainfall variation for a number of rainfall stations in the WA region
is shown irFigurel6.
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Figurel6: Coefficient of Variatio{CV)of precipitation for West Asia regiorA higher CV of
precipitation indicates a higher vulnerability to climate change

Table2: Water variation parametefRSvfor WA countries

Country CV S J RSv equation
Syria 0.23 504.20 116.91 0.77 [RSv=CV/0.3
Jordan 0.33 104.30 34.29 1.00 |RSv=CV/0.3
Palastine*]  0.42 454.58 190.47 1.00 |RSv=CV/0.3
Lebanon 0.43 586.62 252.12 1.00 |RSv=CV/0.3
Irag 0.37 135.56 50.36 1.00 |RSv=CV/0.3
Yemen 0.33 404.54 132.62 1.00 |RSv=CV/0.3
Bahrain 0.69 79.30 54.50 1.00 |RSv=CV/0.3
Kuwait 0.49 112.70 55.13 1.00 |RSv=CV/0.3
Oman 0.74 105.70 78.50 1.00 |RSv=CV/0.3
Qatar 0.85 79.80 67.90 1.00 |RSv=CV/0.3
Saudi Ara  0.58 98.52 56.75 1.00 |RSv=CV/0.3
UAE 0.91 92.05 83.44 1.00 |RSv=CV/0.3

{Y YSIYy 2F GKS NIAYyTFLIEtzZ "~ Y ai
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Figurel7: Water variation parametefRSvjor WA region

These resultsndicate that all countrieswith the exception of Syria, have large water
variation, due to their arid and serarid climate Analysis of these results concludes that the
countries of WAWill therefore be very vulnerable to climate change impaats presented in
Table2 andFigurel?. It is expected thatll WA countries will be affected by climate change
Variation in rainfall and snovall will impact the flow of shared riverand shared aquifer
resources creatingpotential disputes among some countries of the region and with
neighboring countries.

4.2.2.Water development pressure (DParameter
This parameteilccounts for theoverexploitation of water resource®Ps)and the provision
and accessibility of safe drinking water supply. @xploitation of renewable wateresources
results from the utilization of water in excess of the amount of replenishment from rainfall
and snow melt. Overexploitation will result andecrease in surface water flow and spring
discharge anda decline in groundwater levels. Tharovision of adequate drinkin water
suppliesto meet the basic needs for the social well being of the sodety further factor in
calculating this parameterlt represents social adaptation to the degree of freshwater
shortage in regard to how the development facilities addresise population needs (UNEP
2009). The water development pressure can be estimated from the available renewable
freshwater sources, total water requirement, water supply coverage and the total population.

Water exploitation (DPSs)

The analysis indicates thdbrdan, Palestine, Yemen and mostte GCGsuffer from critical
conditions in the development of their water sourcesince water demands exceed the
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available water resources. Other countries are approaching this stage, withd®piaying a
significan increasingrend. Inthe GCCwater demands for the domestic sectare relying on
investmentin desalinationfacilities. The expected increase in the population growth for the
region will lead to higher water demand in the absence of the implementatiodemand
management measures. The variationwater exploitation for the periods 19851995and
2005 is shown iTable3 andFigurel8. A map displaying thigariation is shown ifrigurel9.

Table3: Variation of water exploitatin (DPs) in WA countrider the period19852005
Values of 1 indicate the high stress and O indicate the least stress.

DPs
Country 1985 1995 2005
Syria 0.36 0.64 0.94
Jordan 0.82 1.00 1.00
Palastine 0.45 1.00 1.00
Lebanon 0.31 0.36 0.55
Iraq 0.53 0.64 0.77
Yemen 0.83 1.00 1.00
Bahrain 1.00 1.00 1.00
Kuwait 0.96 0.97 1.00
Oman 0.82 0.87 0.92
Qatar 0.94 0.96 1.00
Saudi Arabia 1.00 1.00 1.00
UAE 1.00 1.00 1.00
DPs
' —. » =< Syria
§ 0. ¢ =¥ Jordan
7 0. -m-Palastine
&) 0. 1 ——Lebanon
S 0. ¢ ——lIraq
% | —Yemen
'E 0 -e-Bahrain
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LE 0. 3 == Oman
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; 0. 1 Saudi Arabia
' UAE
0
198 199 200

Figurel8: Trends of water exploitation pressuf@Ps)jn WA,1985-2005
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Figurel9: Aerial coverage of water exploitation presspPs)

Safe drinking watelinaccessibility(DPd):

This parameter represents the percentage of population without access to improved drinking
water resources Figure20). In the last decade, rost countries in WAhave improved their
services to supply clean fable water; howeverOman and Yemestill rank relatively high on

the DPd valueand arein need of more projects and improved networks advance their
progressPalestine hashowed anegative trendn the last decadend this can be accounted

for by the Israeli occupation and lack of financial capaditye slightly higheDPdobservedm

Iraqg, can be attributed to thegradual failure in drinking networks and pumping statiassa
result of war The aerial coverage variation is showifrigure21.
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Table4: Safedrinkingwater inaccessibilitfDPd), valuesof Oindicateleast inaccessiblerhile
values of 1 indicatenost inaccessible

DPd
Country 1985 1995 2005
Syria 0.21 0.21 0.07
Jordan 0.01 0.02 0.03
Palastine 0.06 0.08
Lebanon 0.02 0.00 0.00
Iraq 0.07 0.17 0.15
Yemen 0.37 0.31 0.30
Bahrain 0.00 0.00 0.00
Kuwait 0.00 0.00 0.00
Oman 0.43 0.26 0.79
Qatar 0.09 0.00 0.00
Saudi Arabia 0.05 0.05 0.04
UAE 0.00 0.00 0.00

SourceUN-ESCWA (19%hd 2007

Safe Drinking Water Paramete

DPd

198

199

200
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Figure2l: Safe drinking water inaccessibiligrameter(DPd)for the year 2005.

4.2.3.Ecological healtlparameter (EH)

The ecological health of wateesourcescan be impactedy natural phenomendn addition
to human activities. Ecological health can be measurdy two parameters; namely, the
water quality/water pollution parameter and the ecosystem deteaiion parameter Water
pollution from domestic and industrial wastes willduces the utilization potential of water
resources thus reducing thavailablity of freshwater. Further degradatiorof ecosystems
and freshwater may occur as the result \rious socieeconomic development activities
such as urbanizatignurban expansion,poor land use, removal of vegetatiomnd over
grazingor desertification.

Water pollution (EHp):

The level of pollution can be estimated by the ratio of the totalreated wastewater
dischargeinto renewable water resources in the country. Water resource pollution due to
wastewater discharge is considered one of the major challenges in the regiorthé-or
Mashriq subregion, the annual volume of untreated wastewateasvestimated at 800
mcm, with only 280 mcm receining variedlevels of treatment and thenajority discharged
untreated directly into the sea or open water courses (L BECWA, 2007). Howevémited
data availabilityhindersthe evaluation of the impactof most countries ofNVAregion;good
data was available only for Syria and to a lesser extent, YeBeaa.was extrapolated to
provide indicative valuef the volume of untreated wastewater in the GCIQis analysis
indicatesan increase in the pollution levels for Bahrain, Onfaudi ArabiaSyria andremen
during the period 1982005 while a decrease in levislobservedor Kuwait,Qatar and UAE
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as shown inTable5 and Figure22. A high pollution level was indicated in 198or, Qatar,
Kuwaitand UAE however it was reduced in the year 2005 which could be attributed to
investment in wastewater treatment facilities with advance tertiary treatment levels. Aerial
variation is shown ifrigure23.

Table5: Trend in water pollutioEHp) for WAWhere data werenot available, boxes have
been left blankValues of 0 and 1 indicate least vulnerable and most vulnerable respectively.

Ehp
Country 1985 1995 2005
Syria 0.32 0.46
Jordan 0.13
Palastine 1.00
Lebanon 0.58
Iraq
Yemen 0.07 0.11
Bahrain 0.14 0.18 0.26
Kuwait 0.34 0.25 0.14
Oman 0.39 0.49 0.66
Qatar 0.64 0.53 0.47
Saudi Arabia 0.03 0.11 0.31
UAE 0.61 0.47 0.20
EHp
1 =
. 0.¢ —-Syria
% 0. 8 -=-Palastine
% 0 | ——Lebanon
< —<Yemen
Dé -4 A —=—Bahrain
-% 0.3 =8 ‘ Kuwait
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Figure22: Trends in water pollution leve(EHp)
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Figure23: Aerial variation of water pollutiofEHp)or the year 2005

Ecosystem deterioration (EHe):

Ecosystem deterioration is defined in this study using the evaluation report of the state of land
degradation and dsertification in the Arab regionACSAD/CAMRE/UNEP, 2004n this

report an estimation of the annual degradation rate comparing to total area of the country
was calculated to estimate ecosystem parameter. A decrease in vegetation coverage due to
natural and manmade actionshas been observeth most WA countries particularly after

1995 as shown iRigure24 and Table6. With the exception of Saudi Arabiahighdegree of
deterioration is due to unsustainable land use practidesur countries, namely Iraq, Jordan,
Palestine and Yemen are experiencing moderate ecosystem deterioration that may have
resulted from a decrease in vegetation cover due to a decrease in rainfall, over grazing and
urban expansion into farm areas. Syriadabebanon have relatively reasonable vegetation
cover that can be attributed to higher rainfatbevere deterioration is estimated for most
countries of the AP GCC sidgion. The ecosystem deterioration values are higher than 0.86
for all countries exceptor Saudi Arabia which has values ranging betweer0014. The low
values are because théact that most of the land in Saudi Arabia is considered as range land
(about 80% of the total aregACSAD/CAMRE/UNE®O04). The decreasing in the value from
0.441to0 0.1 indicates improvement of land management. For Bahrain, Kuwait, Oman, Qatar
and United Arab Emirates, the overall conditions improved slightly over #aeal coverage
variation is shown ifrigure25.
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Table6: Trend in Ecosystem deteriorati¢gHe). Values of O indicate least vulnerable and
values of 1 indicate most vulnerable.

Ehe
Country 1985 1995 2005
Syria 0.23 0.13 0.22
Jordan 0.07 0.06 0.18
Palastine 0.55 0.55 0.44
Lebanon 0.50 0.52 0.54
Iraq 0.60 0.61 0.58
Yemen 0.66 0.65 0.66
Bahrain 0.89 0.87 0.86
Kuwait 0.92 0.92 0.91
Oman 0.97 0.97 0.94
Qatar 0.95 0.94 0.94
Saudi Arabia 0.44 0.10 0.10
UAE 0.94 0.93 0.90
EHe
1.
8 - L — - —-Syria
GEJ 0.9 -
E o —e -e-Jordan
E 0.3 -m-Palastine
g 0.7 ——Lebanon
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Figure24: Trend of ecosystem deterioratiqiHe)
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Figure25: Ecosystendeterioration(EHexoverage for the year 2005

4.2.4.Management capacitparameter(MC)
The capacity of the water sector to manage its freshwater resources can be asssgsgd
three variables: efficiency in water utilization, human health in relation @ocessibility to
adequate and safe sanitation services, aodflict overcompetitionfor shared surfacevater
and groundwaterresources. Water utilization inefficiency resiih wastage of freshwater
water resources, especially in the irrigatisector. The human health variable estimated by
the coverage ofsanitation facilities and servicesonflict management of shared water
sources is estimated through the evaluation of the institutional arrangemepblicy
formulation, communication mechanisnasmd effective implementation of agreementUNEP
assessment guidelines contain a matrix that relates these issues into a weighted value to be
used in the calculatio(see annekx

Water use inefficiency parameter (MCe):

The water use efficiency estimatios based on the gross domestic prody@DP)of the
country. Hficiency is estimated in termef the financial contributionto GDP ofone cubic

meter of water in any of the water consuming sectors. It can be estimated by the GDP value of
one cubic metercompared to the world average for a selection of countries (UNEP, 2009).
Since the agriculture sector is the major consumer of water (at more than 85%) it was used as
a variable to indicate the financial return in the use of freshwalére water use ineffiehcy
parameter was calculated using US$40 as the mean GDP value produced ftofrwhter for

the countries of WA(personal communication with the Author of UNEP Guidelines 2009).
The full equation is outlined in the Annex.
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Most countries of WAshowedan improvenent (decreasing inefficiencyetween 1995 and
2005, despite trends of increasing inefficiencythie previous decade, 1988995 (Figure 26

and Table 7. Qatar and Kuwait show the lowest levels of water inefficiency overall and this
has leen decreasing since 1995, however Oman and Jordan have shown the greatest
efficiency gains since 1985. Iraq aByriaare the countries with the highest levels of water
use inefficiency and further, are the only two countries not to have shown improvesnent
between 1985 and 2005. Efficiency gains can be attributed to the uptake of more modern and
efficient irrigation infrastructure systems, which countries such as Iraq and Syria would be well
placed to adopt.
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Figure26: Trend ofwater useinefficiency(MCe)
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Figure27: Water usenefficiency coverage for the year 2005
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Table7: Trend in water usaefficiency paramete(MCe)

Mce
Country 1985 1995 2005
Syria 0.922 0.966 0.958
Jordan 0.839 0.848 0.604
Palastine 0.614
Lebanon 0.895 0.788 0.644
Iraqg 0.972 0.956 0.986
Yemen 0.945 0.974 0.852
Bahrain 0.273 0.551 0.340
Kuwait 0.140 0.310 0.230
Oman 0.745 0.782 0.556
Qatar 0.105 0.292 0.210
Saudi Arabia 0.733 0.820 0.676
UAE 0.380 0.507 0.240

Improved Sanitation inaccessibility (MCs):

This parameters calculated as the proportion of population without accessibility to improved
sanitation facilities(Figure 28 and Table §. The analysis indicategshat more than 95% of
populations have access to improved sanitation facilitieBahrain,Kuwait, Qatar and United
Arab Emirateswhilst the lowest accessibility percentage to improved sanitation facilities is
recorded forYemen and Palestindt can be concluded that there is a good management
regarding livelihood matters for all countries #s inaccessibility percentage is decreasing
with time and this may bedue to nvesment in sanitation facilitiesby the majority of
countries except Yemen and Palestine. In Yemen most of the population is concentrated in
rural areas with no adequate sege networks. In Palestine, the situation is deteriorating as
the result ofthe embargo on importing equipments due border closure with the collapsing

of sewage system in Gaza strip. Nearly all sewage and water pumps are now out of operation
due to lackof electricity and diminished fuel supplies to operate backup power genesator
(World Bank fact sheet, 2009)he aerial variationf this datais shown irFigure29.
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Figure28: Trend variation of Improved Sanitation InaccedigjpParametei(MCs) Values oD
indicateleast iraccessible and values bfndicatemostinaccessible.

Table8: Trend in improved sanitation inaccessibilifty1C9.

MCs
Country 1985 1995 2005
Syria 0.37 0.24 0.10
Jordan 0.07 0.07
Palastine 0.63 0.27
Lebanon 0.22 0.02
Iraq 0.28 0.19 0.21
Yemen 0.68 0.57
Bahrain 0.00 0.00 0.00
Kuwait 0.02 0.00 0.00
Oman 0.49 0.16 0.08
Qatar 0.03 0.00 0.00
Saudi Arabia 0.14 0.14 0.00
UAE 0.05 0.00 0.00
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Figure29: Improvedsanitation inaccessibility paramet@Cs) for2005

Conflict Management Capacity Parameter (MCg);

This parameter defirethe capacity of the country to manageoropetition over water
utilization among different consuming sectors at the national aedional levels including
neighbaur countries thatshare surface and groundwater resource¥his parameter was
determined by expert consultatiorand usingthe conflict management capacitgcoring
criteria (seeAnnex) Palestine has the worst score sinéetisraeli occupation has the overall
control on water resourcesOther countrie§scores vary according to the criteria mentioned

in Methodology Guidelines (UNER009). There is the potential for high levels of conflict
(>0.95) between Bahrain Kuwait ad Saudi Arabia, sincéhey are sharing the same
groundwater aquifers which constitute the main source, excluding water desalination, of
water supply. Up to now there is no coordination and cooperation between these countries
for sharing the groundwater smurcegFigure30 and Table9).
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Table9: Conflict management capacity parame{®Cg). Values of 1 indicate high levels of
conflict and values dd indicate low levels.

Country MCg
Syria 0.60
Jordan 0.40
Palastine 1.00
Lebanon 0.70
Iraq 0.70
Yemen 0.40
Bahrain 0.95
Kuwait 0.95
Oman 0.48
Qatar 0.00
Saudi Arabia 0.95
UAE 0.48

Legend

Figure30: Conflictmanagement capacity paramet@vCg) year 2005

4.2.5.Vulnerability index (VI)
Based on the estimations and following the expert consultation for assigning equal weights
among the parameters in the same category and also among different categories, the
vulnerability indexwascalculated and presented ifables 10 and 11
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To analyze which is the most important factor for each country the previous graph was re
plotted as a stacked bar showing all the compatnfactors As shown irFigure3l, the most
dominant factor is the Water Variation Parameter (RSv), which is a natural factor and could be
used as an indicator to highlight how vulnerable the region is to climate change. The second
most important factor is the Water Exploitation Pressures (DPsichmteflecs the effort of

the countries to satisfy their water needs from the limited water resources

The estimation provided iTable 10 show thatthe VI for all countries for the period985

2005 lies withinthe range between 0-4.7. This means thiaall the countries of West Asia
region are characterized by high vulnerability. Values less than 0.4 indicate moderate to low
vulnerability. As shown ifmTablell,the vulnerability igsncreasing for Bahrain and Oman while

for the remaining countries isieither decreasing or consta(iigure32). The results indicate

that the countriesof WAare experiencing high stresses, and great efforts should be made to
design policy to provide technical support and policy backup to mitigate the pressures. A
longer term and appropriate strategic development plan should be made, with a focus on
rebuilding management capacity to deal with the main threatening factéexial distribution

is shown irFigue 33.

For the Mashrig sulbegion vulnerabilityis increasingn all countries.The analysis indicates
that most countries have been experiencing different degrees of water stress depending on
the availability of dependable flows from major riveparticularlyshared onesCountriessuch

as Jordanand Yemen are uner severe stress while the remaining countries have adequate
surface water sources Additional effort is needed for improving water use efficiency in most
of the Mashriq countriessinceany variation in precipitation will affect the available water
resaurces. The estimated vulnerability index showed that all the Mashriq countries are very
vulnerable to climate change. Thisflectsan urgentneed formitigation and adaptation plans

to be adopted by all the countries of the region.
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Tablel0O: Calculated vulnerability index with different parameters for 2005

Development Ecological Health

Category Resource Stress Pressure (EH) Management Capacity
(RS) (DP) (MC)
Parameter RSs RSv DPs DPd Ehp EHe MCe MCs | MCg
Syria 0.061 | 0.097 0.117 0.009 | 0.057 0.027 0.079 | 0.008 | 0.050
Jordan 0.113 | 0.125 0.125 0.004 | 0.016 0.022 0.050 | 0.006 | 0.033

Palestine 0.108 | 0.125 0.125 0.010 | 0.125 0.055 0.051 | 0.022 | 0.083

Lebaron 0.043 | 0.125 0.069 0.000 | 0.072 0.068 0.053 | 0.002 | 0.058

Iraq 0.000 | 0.125 0.096 0.019 No Data| 0.145 0.081 | 0.017 | 0.058
Yemen 0.118 | 0.125 0.125 0.041 0.014 0.082 0.070 | 0.047 | 0.033
Bahrain 0.080 | 0.125 0.125 0.000 0.082 0.107 0.000 | 0.000 | 0.078
Kuwait 0.099 | 0.125 0.125 0.000 0.005 0.114 0.000 | 0.000 | 0.078
Oman 0.046 | 0.125 0.115 0.099 | 0.083 0.118 0.046 | 0.007 | 0.040
Qatar 0.085 | 0.125 0.125 0.000 | 0.058 0.117 0.000 | 0.000 | 0.000
Saudi

Arabia 0.073 | 0.125 0.125 0.006 | 0.039 0.013 0.056 | 0.000 | 0.078
UAE 0.079 | 0.125 0.125 0.000 | 0.025 0.112 0.000 | 0.000 | 0.040

RSs is Water Resourcgisess; RSv is Water Variation; DPs is Water Exploitation; DPd is Safe Drinking Water
Inaccessibility; EHp is Water Pollution; EHe is Ecosystem Deterioration; MCe is Water use Inefficiency; MCs
Improved Sanitation Inaccessibility; and MCg is Conflistdgament Capacity.

For GCC countries they all have also been experiencing a high degree of water stress and they
have all high level of vulnerability with Oman on the t&gater resources variation due
variation in precipitation is the dominant parameter with development pressure influencing
the vulnerability of theregion.
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Figure31: Calculated vulnerability index with different parametev@alueof 1 indicate most
vulnerable and 0 indicate least vulnerable.
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Figure32: Calculated vulnerability inder each countryaccording to theparameters (RE)P,
EH and MS)/alues ofl indicate mast vulnerable, while values 6findicate least vulnerable.
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Tablell: Vulnerability indexvalues for the countries of WA.

Country 1985 1995 2005
Syria 0.294 0.348 0.505
Jordan 0.354 0.406 0.494
Palastine 0.443 0.569 0.703
Lebanon 0.179 0.273 0.490
Iraq 0.510 0.510 0.542
Yemen 0.364 0.351 0.655
Bahrain 0.555 0.605 0.616
Kuwait 0.673 0.548 0.557
Oman 0.642 0.640 0.710
Qatar 0.606 0.577 0.527
Saudi Arabia 0.540 0.529 0.536
UAE 0.660 0.637 0.524
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Figure33: Vulnerability indexVI)map, 2005

The trends for the four major parametengsourcesstress, development pressure, ecological
health and management capacity fa985 1995and 2005 for each countryare shown in
Figures 34 to 45. All countries are experiencing high stresses, with Yemen @oelpied
Palestinian Territoriebeing the worst cse.
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Figure34: Share of the parameters group to the final VI for Bahrain
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Figure35: Share of the parameters group to the findlfef Kuwait
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Figure36: Share of theparameters group to the final VI for Oman
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Figure37: Share of theparameters group to the final VI for Qatar
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Figure38: Share of theparameters group to the final VI for Saudi Arabia
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Figure39: Share of thgparameters group to the final VI for UAE
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Figure40: Share of theparameters group to the final VI for Syria
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Chapter 5

Sharedfreshwater vulnerability to climate change

Chapter Key messages

1 Countrieswithin the Euphrates basin will hawecreasing reshwater vulnerabilitydue
to climate changeThe future climate change scenarios predict that during the next
decades a decrease in precipitation by (28 cent and increase in temperature in
Eastern Mederranean areancludingthe upstream of Euphrates River.

1 Most countries of Dammam aquifer hawnough financial resources to invest in
desalination and wastewater treatment facilities for the domestic sector. The impact
of climate changes is expected to be low in regard to its influence on the rainfall
amount due to the limitation of surface water avaiiky.

1 The current development practice and the absence of coordinated management of
the Dammam aquifer is expected to have political, technical, economic and social
implications leading to future dispute among countries of the region.

Sugpension bridge over Euphrates at Deir El Zgr8yria
(Source:UNEP, 2009

Around 25 water basB(surface and groundwater) are shared between at least two riparian
countries in West Asia region and many basins extend beyond the regimse shared wat
resources play a significant role in the region linking populations and cultures, and creating
hydrologicd social and economic relations and interdependencies between riparian
countries. Cross border cooperation and coordination are the cornerstoolesustainable
development and manageemt of shared water resources (see chapter 2 of this répoir

Syria, around’5 per cent of water resources are shared with neighboring countreesd half

of the total available wateresourcescome from the Syrian water share of the EuphratEsr

Irag the dependency on outside resource varies betweefbfter cent (UNERP2009).
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The expected environmental impacts on shared water resources from water depletion,
pollution and climate changare evaluated for two case studies in the Western Asia region
the Euphrates River and theon-renewable Dammam aquifer. The Euphrates basinais
important sharedbasinamong Syria, Iraq and Turkey while the Dammam aquifer is shared
among Saudi Arabia, KuwaBahrain, Qatar, UAE, and Oman. The vulnerability index (VI) was
estimated for these two shared sour¢ésking nto consideration theclimate changémpacts

that may modify the rainfall regime in the West Asia region and impact on the water
availabiliy stress (RS), development pressure (DP), ecological healttafgHhanagement
capacity (MS).

5.1. Case studyEuphrates basin

5.1.1. Introduction
The Euphrates and Tigris rivers have been critical to Mesopotamian civilifationer six
thousand years, providingrigation and domestic water supplies. The countries sharing the
Euphrates River are Syria, Irag and Turkegudi Arabiaould alsobe considered as a country
sharing the basin, since many wadis in the Saudi territories amett to Euphrates River
(AGGABUNER2001).

While theTigris basims shared bysyria, Iraq, Turkey, and Iran. The Euphrates catchment area
is estimated at 444,00@m? while the Tigris catchment is estimated 4%1,000 krA with a

total area of 915,000km? (ACSARJNEPR 2001). Recent socieconomic development
combined with population growth have placed increasing pressures on the westeurcef
Euphratesriver basin, presening a major challenge tosustainable developnent and
managenent ofthis shared surface wataesource Climate change impacts wallsopresent
additional challenges to the conservation and protection of the water resources in the region.

5.1.2. Characteristics
Location

The Euphrates river basin is characterized ébyariety of morphological and geological
features that were formed through tectonic activities and geologic transformations. The wet
climate during past geological agyend later the extreme climatic condition that had prevailed

in the basin have influenced curretbpographicfeatures of the river basin.The regional
topographic features consist of two main units, the hdiyeas inthe north, northeast and
east, and the plains in the rest of the basin witQradual transitiorthrough a senzhilly plain
area betweerthese two units as shown frigure46.
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Figure46: The Euphrates and Tigris river basins tnadr drainage networks (ACSAINER
2001)

Gonflicting literaturehas been published with respect tbe length of the shared Euphrates
River concerningts length in eaclof the three states. The information presented by the Iraqi
Ministries of Foreign Affairs antfater Resourcesprovide the most recentfficial information
on this subject, indicatinthat the length ofthe riverQ @ain channels estimated at 2940 km
with a 40 per cent sharein Turkey, 20.%er centin Syria, and 39.per centin Irag (ACSAD
UNEPR 2001). Estimates of the Drainage area of the baaatording to most referenceare
around 444000 kri while the recent DEM (Digital Elevation Model) data (90x90m) estimated
the area at 45000@m? (this study. The aerial coverage in regarth the sizeof the basin in
the four statesis as followsTurkey is covered bgn area of 11942 km? (26.5per cent), Syria

at 93675km? (20.8 per cent), Iragat 195928 Krh (43.5per cent) and SaudArabia at41355
km? (9.2 per cen) (this studly).

The Euphrates River originatesthe Armenian highlands and the high mountains east of the
Anatolia plateau in Turkegxtending between Van Lake with an elevation of 4363m and the
Black Sea at elevatiomanging between3000 and 4000 m above sea level. The catchment
areain the hills ofKeban is about 76000 khwhere the elevation rangebetween 1000 and
3500m above sea level (ACSAIDNER2001). More than two thirdof the area of this reach

lies atan elevation more than 1500 m above s&avel; whereasitQ aastern sections lie in
relatively flat areas. The distribution of the basin area in relation to elevation is shown in
Figure47.
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Figured7: Area distribution according to the elevation of Euphrates basin (Using DEM data of
90m x 90 m resolution, thstudy).

The difference in elevations of the river course across the shared countries is smolan
longitudinal profilein Figure48.
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Figure48: Longitudinal sectioalong Euphrates river course

Properties of the resource

Although more than the two thirds of the Euphrates drainage dieautside of Turkey, 93
per cent of the main water resourceariginate in Turkish territoriesEven the twoSyrian
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tributariesthe Khabur and the Balikh, both have their catchments in Turkke total water
resources of the Euphrates is estimated at aboutOBR mcm/year. A small amount of this
water resource come$rom Euphrates tributarie®on the Syrian side and ane from Iraqi
territories, yet their river drainage area constitussabout half of the total drainage area of
Euphrates basinThe flow regime of the river has changed due to the construction of many
dams,of which the main one is thEeban dam in TurkeyThe monthly average discharge of
the river before the construction of th dam rangedrom 309nt/s in September and 2709
m%/s in April Ater constructionof the dam,the monthly averagelischargereached 1024
m%s in April Of the annual average discharge3@000 mcm for theEuphratesSyria and
Iragreceivel5700 mcm

Climate

Various climatic systems prevail over different areas of the Euphrates fiaagjimg fromsemt

arid in the northernareato arid in the southern estuary area of the Gulf. The climate is
influenced by elevation and the general weather circulatpaitern. The high mountainous
areas in Turkey, the highland areas of Syria and Iraq and the flat floodplains in Iraqg influence
the amount and frequency of rainfall and snow ever#oreover, thelocation of the basin
between attitudes 25 and 40 north of the Equator influences theegional variation of
pressure and temperatures during summer and winsgrasonsand consequently on the
guantitiesof the snow and rainfall

The basin is characterized by four different climate zonédediterranean mountainous
climate Mediterranean interior climate, interior lowlands climate and desert climdtee
climate isinfluenced mainly bythe Mediterranean dry hot summer and coldrainy winter
seasons. The amount of rainfall decreaé®m north to south and from westo east with
much higler amounts ovetthe Zeros Mountainswhile temperature and evaporation increase
in the samespatialdirections. The topographic elevation features especially at the upstream
parts of the basininfluence annual rainfall distributiowith values ragingbetween300 and
1000 mm with a rainy season extending from October to May. In addition, the easteriofpar
Anatolia and the Armenian Highlands usually receiteavy snow accumulation. High
accumulation of snow and rainfall ranging Weten 400 and 1000 mm per year falls on the
upstream portion of the basjrwhile thesnow covers the mountains peaks all around the year
and it starts to melt in mid April.

The average annual rainfall in the three countries sharing the Euphiratesdecreases from
700-1000 mm in Turkey to 150 mm in Syria, and 75 mm in (FRQSABRJNEP, 2001)The
rainfall rates decrease south of Turkey and north of Syridéhul river sulzatchments) to
about 306450 mm. The estimation of the average annual precipitatiwer the three major
reaches of the river foa wet season having high rainfall years, indicates that the amounts of
rainfall decrease from an annual average of about 1000 mm at the upper course at Anatolia,
to 200400 mm in the Syrian upper island (uppgeart of the middle course) and 10 mm

in most of the middle course and the lower course. The rainfall variation is shown by the
Isohyetl map for Euphrates basirsigure 49.
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Figure49: Isohyetal map for the Euphrates rivieasin

Since there is no rainfalluring summer and autumn seasons in Syria and tregsource of
water supplyfor all purposes in the basin is provided from the Riper Cen).

Water quality

The water quality of the water river and its tributariesaa importantissue.The
Euphrates River entstthe Syrian territories with an average salinity of about 0.6 g/l
rising tomore than 1g/l at the IragByrian bordersThe increasing water salinignd
pollution isa result ofSyrianagricultural drainage and sewage water syatewhich
are directed to the Rer. In general water quality is not well monitoredThe
ramificatiors of ¢ dzNJ SbéttEastern Anatolia Development Projeabwn asGAP)
will include both a reduction in water quality and a reduction{o® NA I Q& &I (1 SNJ &
from 500 ni/s to less than300 n¥/s (by 2030).In addition, he quality of waterwill
further diminish, due to increased salinization and the use of pesticidedatitizers
upstream (Gunerl997).Thiswill alsoaffect Irag as it is downstream from both Syria
and Turkey (Gruer2000).

5.1.3. Water management

The Euphrates providespproximately19 per cent of ¢ dzNJ t6tél @ater resourcesthat is,
180 000 mcm per year (UNEPR 2009). The Syrian sharef the Euphrates waterresources
(approx.6 600 mcmper year) constitute two thirds of the total surface water resources in
Syria and is used for domestic water supply for the major c{ddsppo and Raqgand for
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irrigation purposes. With population and economic pressures resulting in unilateral
development projectsthe situation remaingenuous. The total storage of the dams on the
Euphrates is 14800 mcmwhich represent five times its average annuaiMlalt is estimated
that a deficit of 2000 to 22 000 mcmis expected if all the development pkare realized by
the three countries Water originatingin the hills of Kebamepresens 72 per cent of the total
resources of the Euphrates. The amounts of water received from the drainage area in Syria
are limited to the flow from the three tributaries: Aajur, ABalikh, and AKhabur rivers, and
some seasonal flow tributaries depending on the irdidy and amounts of rainfalls. Recently,
Turkey has detained most of the flow of these seasonal tributafibecontribution ofwadis

to the Euphrates flow reflecthe wide range rainfall variability in the different reaches of the
basin

According tathe provisional agreement between Turkey, Iraq and Sfpiatocol signed with
Turkey in 1987)Turkey releases minimum discharge of 508second to the river (1530
mcm per year) at the TurkisByrian border. Of this amousibout 42 per cent, equivalentto

an average annual discharge of abouD8éncm per year; is considered for use within Syria
(after the agreement signed between Syria and Iraq in 1988)vever, up to now, there has
been nofinal officialagreement between the three countrider sharirg the river resources.

At the level of the basin there is megularcooperation between the three riparian countries
sharing the basinThe first tripartite meeting was held in Bagdad in 1965 though no formal
agreement was reachedr he technical committee held about 16 meetings over a decade but
did not fulfill any of its objectives.

5.1.4. reshwatervulnerability assessment of the shared Euphrates River
The analysis dboth the state and trends rgarding the vulnerability of thishared srface
water was performed through the application of the same methodology applied at the
national level for countries of th&/est Asia region (UNEROQ9)as presented inChapter 3.
The availability oflataon the basin scalé the three countries limitd the analysisif no data
was availablethe Figuresavailable at the level of eaatountry were usedn placeof basin
values. Thusthe presentanalysigprovidesa general trend rather thaan accurate estimation
of the different parameters of the vudmability indexfor the Euphrates basifthe four main
parameters of water resourcestress RS), development pressure (DP), ecological health (EH)
and management capacity (M&)e estimated using the available information to pide an
estimation of the vulnerability index (VI). Due to lack of information and data we are limiting
the estimation of VIto the year 2000.Based on the data available for this year the
vulnerability index for the year 2040 has been estimated consideriagagriculture demand
will remainas it is for the year 2000 and the domestic water demand will increase from the
year 2000 following the population growth rate.

Theresources stress (R8prameter

The water stress indicator is influenced by the renewallder resources availability and
consumption pattern of the growing population (RSs) and water variation parameter resulting
from long term rainfall variability (RSv).
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Water resources stress (RSS)

The water resources stress parameter can be expressélieaser capita renewable national
or regional water resources compared to an internationally agreed water poverty index of
1700 per capita water resources.

The renewable water stress for each country was estimated based on per capita water
resourcesThe analysis indicates thahe parts of basin withirsyria and Iraq have comparable
stressvalues ranging from 0.27 (Syria) to 0.20 (Iraq). The lowesahdicate more than
adequate water sources availability; however the upstream controls of the flow caritnge

to alarge degree of vulnerabilityrhe basin area locatdd Turkeyhas anabundarce of water

due to the very low water stress value showrigureb0.

= RSs Euphrates Basin
GE) 0.30
Water Stress Parameter for year 2000, RSs © 0.25
Country | R (m3/person)| RSs Equation =3 0.20

Turkey 2180.22 0.00 | RSs = (1700-R)/17¢4 & '

Syria 1245.39 0.27 | RSs = (1700-R)17¢ & 0-15
Iraq 1356.13 0.20 | RSs = (1700-R)/17q £ 0.10
£ 005
= 0.00

Turkey Syria Irag

Figure50: Water stress for the year 2000

Water variation (RSv):

The water variatiorstresscan be estimated by the coefficient of variation (CV) of the dong
term average precipitation over a long period of observation preferably covering 50 y&fhrs.
countries seem to suffer from different degreef precipitaion variation The indicesange
from 0.9 to lasshownin Figure51. Results show thadraq experiences large variation as most
of the basin is locateth areas characterizely arid or extreme arid climateSyria and Turkey
suffer high precipitation variatiordue to the prevailing semi arid climate in the regias
shown inFigure51. Since high variation in precipitation is a major characteristic of arid and
semi arid zones, moving from humid and semi humid zonestwe arid zoes increases the
variation and adds more pressure on availal@gourcesn theseareas
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Figure51: Water variation for the year 2000

Water development pressure (DP) parameter

This parameter is defined lmwerexploitation of water resources and the provision and
accessibility of safe drinking water supply

Water exploitation (DPs):

Thewater exploitation variable is estimated by the ratio of the total water demand (domestic,
industrial and irrigationjor a given year to the availabEmountof renewable water sources
The basin is under heavy agricultural aother types ofsociceconomical activitiesThe
available data shows high water demaadd alimited water supplyfor the basin. The
expldtation vdues are high, indicating high development rates as shoviigare52.

__ DPsEuphrates Basin
Water Exloitation Pressures
DPs2000 S 1 o Y
WR WR =
S Sy 0.8 -
Country Date Total water | DPs| = @
Water supply o =
resources =3 0.6 -
Turkey | 15700000 (1) 2000 15,848,000 | 0.99 Ll>j g
Syria | 7740000 (1) 2000 6,531,840 | 1.00| — & 0.4 -
Iraq 20000000 (2) 2000 9,020,160 [ 1.00] &
®© 0.2 -
; .
(1) ACSAD, 2001
(2) http://www.satirag.com/ 0 -
Turkey Syria Iraq

Figure52: Water exploitation pressure for the year 2000
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Safedrinking waterinaccessibility(DPd):

This parameter represents the percentage of population without access to improved drinking
water resources Using the country value Turkey performs strongest in improviryinking
water supply as shown iRigure53, Syria and Iraq are largely behind. The key factor making
the country highly vulnerable is the high population growth rate in countif®gia and Irag
limited financial resources and finally limited availability of water resources.

o DPdEuphrates Basin
Safe Drinking Water Parameter (2000) o 0.95
[} .
Count DPd IS
ountry S _ 0.20
Turkey 0.07 2= 0.15
Syria 0.21 < % '
Iraq 0.19 sz 010
2% 005-
]
@ 0.00 -
Turkey  Syria Iraq

Figureb3: Safe drinking water inaccessibility for the year 2000

Ecological health (EH) parameter

Estimation of this parameter requires the evaluation of the level of pollution and the
deterioration that may be experienced by the ecosystem.

Water Pollution Parameter (EHp):

The pollution to water resources vulnerability is estimated by the ratio of the total untreated
wastewater discharge in water receiving systems to the total available renewable water
resources.No data was found for Iradpnerefore this parameter was not estimated.

Ecosystem Deterioration Parameter (EHe):

The population growth and the associated urbanization and other ssmmomic
development activities are impacting the surface and the groundwater systems by increasing
the depletion rate and pollutiorDue to lack of information regarding the land degatidn at

the basin level for the three countries and that we cannot take the available information at
the country level and use it at the basin levahother alternative is used. Thecesystem
deterioration is defined in this case study alet decrease irvegetation coverage duéo
natural and marmade actions and EHe parameter has been estimated udiamalized
Difference Vegetation IndefDV). This index is usually used to estimate the vegetation cover
(negative index values indicate no vegetaticover and positive values indicate vegetation
covel). Based on this principal we can monitor the variation in vegetation cover seasonally or
annualy, therefore this index cabe used as indicator for ecosystem deterioration. The value
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of NDVI was estimatedsing the satellite image&SPOT, 1 knfpr the period 19992007 as
shown inFigure54. The area with medium to high land degradation (more thampé&fcent)
was usedo calculate this parameterThe analysis indicates high degree of deterioration in
Iraq followed by Turkey and Syria as showfigure55.

Legend

B High Degraded

I Migh Developoed
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No Change

Figure54: NDVI values for Euphrates River (1:2997).

Ecosystem Deterioration Parameter EHe
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Country - - EHe 5 0.25
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Turkey 19227 119042 [0.1615] & 020
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Iraq 39566 195928 | 0.2019] A %
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Figure55: Ecosystem deterioration for the years 192007.
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Management capacity (MS) parameter

Evaluation of the management capacity provides a mean to evaluate how effective the water
sector is being managedhe lackof effectivemanagement practices cdme assessebly the
vulnerability of the management capacity (MC) of freshwatescording tothree variables
namely; water usénefficiency (MCe), improved sanitationaccessibility NICs)and conflict
management othe sharedwater sources (tranboundary).

Water Uselnefficiency Parameter (MCe):

Efficiency in water use enhances water availability for food production and achievement of a
better standard of living. Assessment of the management of akailable water can be
examined in terms of water use efficiency and the financial return generated from the use of a
unit of waterin any of the water consuming sectotscan be estimated by the GDP value of
one cubic meter compared to the world aveeafpr a selection of countriedData at the basin

level was not available which made it necessary to use national information for the three
countries. The analysis indicates high values of the parameter for all countries shaglng
water useinefficiendes as shown ifigureb6.

o Mce - Euphrates Basin
2 1.00
Water Use Inefficiency Parameter Mc | 3
Country | WEwm WE Mce E % 0.95
Turkey | 40 4.00 090 | @ %
Syria 40 1.29 0.97 % 2 0.90
Iraq 40 132 097 | & j
0.85 -
Turkey Syria Iraq

Figureb56: Water usanefficiency for the year 2000

Improved Sanitation inaccessibility (MCs):

Availability of sanitation infrastructures reduces pollution levels and preserves water sources.
Accessibility to improved sanitation is used as a typical value to measure the capacity of a
management system to deal with likelihood improvement in redugiogution level. This
parameteris calculated as the proportion of population without accessibility to improved
sanitation facilitiesThe country value was used since no data was available at the basin scale.
Turkeyhas bettersanitation accessibility thmSyria and Iraq as shownkigure57.
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Figure57: Improved sanitation inaccessibility for the year 2000

Conflict Management Capacity (MCg)

Thisparameter wasletermined by expert consultationsingthe scoring criteriaabout conflict
management capacity (see annex Ihe three countries havsimilar values for conflict
managementapacityas shown irFigure58. This means that the three countries sharing the
resource areableto manage any conflict regarding the udesharedwater resources.

Mce - Euphrates Basin

Conflict Management Capacity 0.7

Conflict Management
Capacity Parameter

Parameter MCg 0.6

Country MCg 0.5

04

Turkey 0.65 03

Syria 0.65 88 oo

Iraq 0.65 01
0 .

Turkey Syria Iraq

Figureb8: Conflict management capacity for the year 2000

Fresh water ulnerability indexestimation (V1)

The vulnerability indexVIl)was calculated for each country sharing the surface watahef
Euphrates RiverNo information was available to calculate the EHp parameter, therefore EHe
is the sole constituent for EH in this case.

The analysis indicates that all tlbeuntries are experiencing high stressluesin excess of
0.4), with Syria ad Iraq experiencinghe highest stresss shown inFigure59 below. The
abundance of water in Turkeig reflected by a lowwater stress as the stress value was
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estimated at Rs=0, thus contributing to an improved overall freshwater vulnerability value (V1)
of 0.42

VI- Euphrates Basin
0.7

Vulnerability Index 0.6
0.5

Vulnerability Index

Country Vi : 0.4

Turkey 0.42 0.3
Syria 0.48 0.2 i i

Iraq 0.50 0.1

0

Turkey Syria Iraq

Figure59: Vulnerability index parameter for Euphrates basin

Further analysisf the data was undertaken and thaluesre-plotted as stacked bars showing

the influence of the resources stress, development pressure, ecological health and
management capacityparameters Figure 60 indicates that the most dominant factor
contributing to vulnerabilityis the water variation parameter (RSas the rainfall and snow
amount and frequencygontrol freshwateravailability. Further, dimate change is expected to
have a major impact on rainfall and snow variations. The second imibgtntial factor is the
water exploitation pressures (DPs) whioéflect that most countries are developing their
water resources to satisfy their water needs from the shared river fldwe variation of each
parameter for each country is shownhgures60and61.
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Figure60: Vulnerability of Euphrates basin
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5.1.5. Conclusion
The three countries sharing the Euphratdser basin are vulnerable in various degrees to
environmental change (high vulnerability index). Even if the VI is less for Turkéy ttiedact
that the country is upstream and has additional water resouysésation could aggravate in
the future dueto climate change impact3.o decreas¢he vulnerability of the countries of the
basin, it is necessary to have an integrated vision for the management of the basin and
provide the basis for an optimum allocation of the available water. fEgsires theclose
cooperation with regards sharing and management of the water resource for all countries
involved It would be further beneficial for the countries involved to finaliae official
agreement to prevent future conflicAs a first step for future coopation and for overcoming
the problem of contradicting data,it would be useful to agree on principalsprms, and
standards of monitoring measurements. This Wwéhefit future cooperation and protect the
interests of future generations and environment of the regid@nce such commonalitiyas
been established, ivill be easier taleterminepractical measures of basin level cooperation.

5.1.6. Future Scenarios for assessing freshwateitnerability
The analysis focused on two scenarfos the years 2000 and 204@mpact of population
growth on the freshwater availability andhaassumediecreasein water availability by per
cent due to climate change. Th¥l was estimated fotboth sanarios in line with the
methodology presented in Chaptera® discussed belaw

Scenario 1Increased population growth

The population growth scenario suggests an increase op@cscentfor Syriabased onits
present current population growth trend, 1 per cent for Turkey (WHO / UNICHBInt
Monitoring Program for Water Supply and Sanitation 2008) amer3centfor Irag (ACSAD
UNEP,2001). For calculating the different parameters, it was assumed that water
requirement per persorfor the agriculture and domestic sectors will be maintained at the
level of the yea2000.The water requirement for domestic sector was increased by the same
rate of the population growth.

The water resources stregRS)estimation indicates 0.27 for Syria and @ 8r Iraq and 0 for
Turkey inthe year 2000 whictimply adequate wateresources for all countries sharing the
basin. The 2040 projection indicates much higher water stress for both Syria (Rs 0.8) and Iraq
(Rs 0.82) and adequate water availability for KByras show irFigure62. Ths implies that
competition for the shared wateresource, driven byncreased water consumption resulting
from higher population growthcould lead to future water disputein the absence ofany
permanent agreement concerninghe apportionment of the water in Euphrates river
agreements The estimated vulnerability index for the years 2000 and 2040 is shoRigtire

63. The vulnerability index for the year 2000 ranged from 0.4 for Turkey to@5%or both

Syria and Iraq. Higer valuesare predictedfor the year 2040 for Syria and Iragstimated at

0.52 and 0.58 respectively. Higher population growth combined with a reduction of
precipitation due to climate change is expected to lead to further increase in freshwater
vulnerablity. It is imperative that the concerned countries must focus on area where
disagreements create obstacles in relationship and find areas of agreement and build on

85



them. This will encourage dialogue and reduce future expected tension between the three
concerned countries

RSs Projection 2000, 2020&204
o
(&}
€08
S M RSs 200(
Q 06
a M RSs 202(
S 04
nh  RSs 204(
o)
g 0.2
0 o
Turkey Syria Iraq
Country | RSs 2000{ RSs 2020 RSs 2040
Turkey 0.00 0.00 0.10
Syria 0.27 0.67 0.80
Iraq 0.20 0.67 0.82

Figure62: Water stress parameter estimation for scenario 1.
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Figure63: Vulnerability index for scenario 1, projection 2000 and 2040
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Scenario 2 Decrease of per centin freshwater availabilitydue to climate change

To calculate these VI values, ttiataconcerningpopulation growthin Scenariol (2.5per cent

for Syria, Iper centfor Turkey and Per centfor Irag) were used and decrease in available
water resources by per centdue to climate change for all the countridggas assumed and
applied The water stresgRS)estimationindicates an increasieom 0.27 in 2000 to 0.81 in the
year 2040 forbasinarea located inSyriawhile an increaséom 0.20 to 0.83 fobasinarea in

Irag for the same periods. Evéime basinarea located ifTurkey will experience an increase in
water stress estimated at 1ger centas shown irFigure64. The estimatd vulnerability index
shown inHgure 65 indicates that Turkey will have small increase in vulnerability estimated at
1 per cent while Syria and Iragvill be morebecause othigher population growthrate and
lower water availability (expressed as per capita water resources) which is expected to
decrease in the future due to population growth and climate change impact.

RSs_Projection 2000, 2020 & 20¢
— 1.0
Q
5 0.9
% 0.8 M RSs 200(
5 07
o
, 06 H RSs 202(
@ 0.5
=5 04
 RSs 204(
? 03
Q
£ 02 d
= 01 -
0.0 T
Turkey Syria Irag
Country | RSs 2000 RSs 2020 RSs 2040
Turkey 0.00 0.00 0.17
Syria 0.27 0.68 0.81
Iraq 0.20 0.68 0.83

Figure64: Water stress estimation for the scenario 2.
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Figure65: Vulnerability index estimation for the scenario 2.

The application of the vulnerability assessment indicates that all the countries within the
Euphrates basin will have an increase of the freshwater vulnerability due to climate
change evenTurkey.Future climate change scenarios predict a decrease in precipitation
of 20 per centandanincrease in temperature ithe Eastern Mediterranean area including
the upstreamparts of the EuphratesRiver It is also expected thasnow fal over the
mountainous area in the Euphrates basin where the rowdginates will decline, resulting

in adecrease in rivedischarge The expectedncrease in population in the future requires
more water to be provided to meethe needsof agricultureand the domestic sectas.
Under climate changpredictions thiswill contribute to severe water shortage in the river
basin. Agricultural activityis the main source of income for the population living in the
basinarea and is the main source fifod prodiction for the three countries. This issue
makes the population and the basin highly vulnerable to climate change. Adaptation to
climate change is therefore an economic and social imperative for the countries sharing
the basin. Actions are needed for defigia plan for adaptation and risk managemehs.

the countries and populatianliving in the Euphratesbasin heavily rely on agriculture
activity; the focus of much of the adaptation strategy should be on agriculture sector and
water resources managemerior example

1 Improving water useféiciency, mainly in irrigation.
1 Development of new varieties of crops that can cope with drought and salinity

1 Developing mechanisms for coordinating conservation actions between the
riparian countries to supportooperation and experience and data exchange
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I Raising awareness and capacity building will help countries adaptation to climate
change and reduce vulnerability.

5.2. Case studyDammam shared groundwater aquifer

5.2.1. Introduction
Water scarcity in conjunction wittncreases in water demand in all sectors is contributing to
full utilization of theavailablerenewable water resources aritle depletion of norrenewable
water resources particularly groundwatein all countries of the West Asia regioWith few
exceptiors, the nonrenewable groundwater is being exploitesh an unplanned and
unsustainablemanner,causing rapidiepletion withan uncertain trajectory (AZubari, 2008).
The water available in the nerenewable shared aquifers is being mined at different rates
the GCC countriesmainly by the irrigation sectors. Ths&gnificant spatial and temporal
variation of rainfall has a major impact on aquifer replenishment. The present recharge to
groundwater is very limitedelativeto the volume of groundwater stockin the aquifer during
previous pluvial periods when most recharge occurred.

Aquifer structure is characterized by a sequence of layered formations separated by confining
layers with interflows across international boundaries for the aquiferakage acss layers is
controlled by the prevailing hydrodynamic equilibrium flow regimidhe most important
shared aquifers in terms of potential development and management due to their reserves are
shown inTablel2. Their water resources are being utilized in dwntries of the GCC, Syria,
Jordan andhe Occupied Palestiniaferritories (West Bank) for the agriculture sector and to a
certain extent for the domestic sector.

Tablel2: Characteristis of nonrenewable shared aquifers

oty e | el s | Cemen |y o
Shaq 280000 310 500600 100-1500 300-1500
Taboo 205000 450 10001200 10-1400 400-3500
Wahid 225000 104 300400 151100 500-1000
Wasia/Biyadh| 590000 480 200-230 2301200 900-3000
Um Er Radumg 190000 410 500-700 250-600 200020000
Dammam 45000 200 50-250 100-500 10006000
Khuf 30000 132 38006000
Aruma 85000 80 16002000
Neogene4 130000 290 30-100 10-150 35004500

mcm= million cubic meterppm =parts per million

Source(MAW, 1984\WB 2005)
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The current uncontrolled groundwater development practices, in the absence of joint
agreements to manage the shared aquifers in a relatively sustainable manner, has resulted in
detrimental effects includingigh depletion rates, increasing pumping costs and deterioration

of water quality. These negative impacts resulting from groundwater development,
combined with increasing demands for water which is expected to lead to further
development, creates potentiaispute among countries of the West Asia region. In addition,
climate change impacts from the modification of the rainfall regime and sea level rise will
place additional pressure on these aquifers.

The shared Dammam aquifer system of the complex Paledermation has been selected

as a case study because it highlights the vulnerability of shared groundwater sources to the
impacts of uncoordinated development and climate change. The aerial coverage of the
Paleogene formations, which contain the Dammaguifer in West Asia region (including the
outcrop and discharge areas) is showtrigure66 (UNNESCWAL999).

MAP 1 PALEOCENE - EOCENE FORMATIONS ON THE ARABIAN SHELF

o i by

i i

Figure66: Paleogene formation aerial coverage include the Dammam aqUiESCWA
1999)
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5.2.2. Characteristics of thelsared Dammam groundwater aquifer
The Dammam formation is part of a complex Paleogene carbonate aquiftne Eocene
geological era. The shared Dammam aquifer covers a large area of West Asia region including
parts of Syria, Jordan and Iraq, Saudi AraBahrain, Kuwait, Qatar, UAE and parts of Oman
and Yemen.

Main regional hylrogeological features

The Dammam aquifer is composed mainly of limestone, dolomite, chalk and marl limestone
belonging to the lower and middle Eocene geological BIMESCWA, 1999The aquifer is
bounded at the bottom by the Rus formation, which overlay the UmiR&thoma formation

and is bounded at the top by the Neogene formation. The ngamindwater productiorunits

are the Khobar and Alat members. The Dammam aquifer is bapyet by a large number of
wells mainly in Saudi Arabia, Bahrain, Kuwait and Qatar for irrigation purposes and, to a
limited extent, for domestic supply in Jordan, Syria, southern Irag and Bahrain whenever the
water quality permits utilization. The Alat dnKhobar aquifers have relatively high
productivities in the GCC countrie€NESCWA1999). The aquifer is being mined at
abstraction rates far exceeding the recharge ratéigure67 illustrates the range of aquifers'
productivities in each country sharing the aquifer, whikble13 showshe countries sharing

the Dammam aquifer with the local names.
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Figure67: Aquifer Productivity classified as low, medte and high in each country (GCC)
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Tablel3: Dammam aquifer characteristic in countries of the Mashrig-segion UN-ESCWA

1999)
Country Thicknesgm) Member name Productivity (mcm)
Syria 40-100 35
Jordan 50-100 ShallalaUmm Rijan 12
Iraq 30-80 RatgaJaddala 50
Saudi Arabia 50-260 Alat- Khobar 450
Kuwait 120-350 Alat-Khobar 120
Bahrain 1545 Alat(BYKhobar(A) 220
Qatar 1050 AbaraugSimsima 400
UAE 60-500 Hafit-Saraya
Oman 150 AndurQara
Yemen 50-200 Hbshiya

mcm = million cubic metres

The aquifers are under confined conditions for most of their areal extent due to their depth
below the surface with the presence of confining shale layefsieybecome phreaticnear
dischargeareas in the southern paiof Shat Al Arab, coastal zones of Kuwait, Bahrain, Saudi
Arabia and Qatar and at the Liwa area of Abu Dubai. The main hydrologic parameters of the
aquifer exhibit large variations with depth and with area which can be attributed to the past
tectonic strictural activities and deposition environments. The magnitude of transmissivity
(T), which is a measure of how much water can be transmitted horizontally through the full
section of the aquifer, are classified as moderate for aquifers in Syria and Jordhna(w
limited thickness) due the nature of fracturing akdrstification (0.03450 nf/d), while in
southern Iraq and the GCC countries the transmissiditges from 2 to 200 m?%d. The
storativity, which is a measure of the storage capacity of the aquifer and the volume of water

that can be released from the aquifer storage per unit declingyoiraulic headis in the range

of 0.1x10-2x10° reflecting the confined nature of the aquifer.

Recharge to the aquifer is very limitemhd ismainly from rainfall infiltration at the outcrop
areas which arelimited, compared to the size of the aquitefThe average thickness of the
aquifers rangegrom 50 to 250m. Generally the depth increases in a south direction towards
the coastal zone of the Gulf. The volume of groundwater reserve in the Dammam aquifer is
estimated at 4500 mcm.
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Climate

The prevailing climatic conditions range from tiseib hunid zones in the Northwest tthe
arid climate in Arabian Peninsul Average annual rainfall vadgdetween 50and 110mm.
Random and localized storms are a common feature throughout the regiateloentral
areas summer temperaturesan reachup to 50C. The predominant characteristiof rainfall
pattern in the Arabian Peninsula is themporal and spatialariability. The mean annual
precipitation isabout 110mm inKuwait 74mm in Bahrainand 75mm in Qatar

Exploitation

Prior to the advent of well abstraction, the aquifer main discharge was in the form of natural
land and offshore springs discharge and inland and coastal sabkhas located mainly in Eastern
Saudi Arabia and Bahrain. The totlidchargerate of these was estiated atapproximately
855mm?ly for Sabkhas (Bakiewiogt al. 1982) and about 30m?y for springs (GDC, 1980;
Bakiewiczet al. 1982). Thes&iguresdo not distinguish between the Umm Er Radhuma and

the Dammam aquifer discharges and represent the-geeelopment conditions of the
Paleogene aquifer system as a whole.

Mechanized well drilling and abstraction was introducedhe region in the late 1920along

with oil exploration activitiesQil discovery irthe 1930sand particularly the sudden incresa

in the riparian countrA Sail €evenues in the early 1970s, has resulted in a rapid population
growth, urban development, industrial and agricultural expansion, and was accompanied by a
dramatic increase in water demands and consumptioresEdemand have been met mainly

by groundwater abstractionin place ofthe natural springs, whicthave experienced a
significant reduction in their dischar@e a result

While the Dammam aquifer occurs under confined conditions for most of the area, hydraulic
connections exist between the lower Rlmm B Radhumma aquifer and the overlying
Neogene aquifer, which makes it difficult t@ccurately estimate the Dammam aquifer
abstraction, in addition to the practice in many countries of dual and multiple completions of
wells. Neverthelesgpumping records indicate a continuous increase in the extraction rates
since 1940 and marked upward trend afte965. The Dammam aquifer is used extensively in
the coastal cities of the eastern province of Saudi Arabia for domestic, irrigation, and industrial
purposes. Available records indicate that abstraction rate from the aquifer was about 171
mm3y in 1967 inceased to about 430nm°y in 1990 (Abderrahmanet al. 1995). In the
northeasternregionof the eastern province;haracterised by significamigricultural activities

the total Dammam aquifer abstraction was reported at about 54®°y in the early 1990s
(Hasan, 1995)A large proportion(80%) of the waterabstracted isused for agricultural
purposesand the rest for domestic, livestock and industrial purposes. Currently, groundwater
abstraction from the Dammam aquifer in the coastal zereeedsA50mm?/y.

In Bahrain groundwater abstraction has been gradually increasing since the early 1930s
peaking a50mm?in 1998 (AZubari and Lori, 2008)After this time, abstraction dropped as

a result of water quality deterioration and government interventionemsures (introduction

of TSE use in agriculture, wells metering, improving irrigation methods) to edamit 130

94



mm?y in 2009. Extracted water is used mainly for agricultural purposes, with small amounts
used for blending with desalinated water for dostie supply, and industrial purposes.

In Kuwait, groundwater abstractiofgovernment and privateis mainly from the Dammam
aquifer. However, many government wdields are developed as dual completion in the
Dammam and the upper Kuwait Group aquifer. To&l groundwater abstraction in Kuwait
was about 35mm? in the early 1970sincreasingto 71 mm?® in the early 1990s (AWurad,
1994), reaching460 mm? in 2005 (EAwar, 2005). Groundwater extracted is used Bmth
domestic nordrinking purposes andgricultural purposes.

Water quality

Water salinity (Total Dissolved Salts or TE®pgesfrom 20006000 pm; being affected by
mixing with groundwater from other aquifer systems (with much higher salinity) in some
locations or due to salt water intrusioalong the coastal zones of the Gulf. The average
salinity (in terms of TDS) for both Alat and Khobar aquifers rainges1000 pm (west of the
outcrop areas of the eastern part of Saudi Arabia) to mibign 100000 pm (at the Gulf).
Both the Alat and Kdbar aquifers show similar water quality characteristics with
hydrochemical faces that are being dominated by sodium and chloride ions, whilésAlat
dominated bycalcium ionsUN-ESCWAL999).

Intensive exploitation of the Dammam aquifer mainly for atign has caused significant
declines of its potentiometric levels and subsequent considerable increases in the salinity of
the extracted groundwater in all the countries tapping the Dammam aquifezhéri, 2001,
Sayid and ARuwaih, 1995; Alahmood, DB87).

Management of the resource (Legislation, water sharing plans, institutions)

Development of the Dammam aquifer units (Alat and Khober zones) varies among countries of
the region due to many factors. These include aquifer productivity in term aftguaquality,

depth from the surface and aerial extent. However, these developments are being made in
uncoordinated manner among the sharing countri€snventionsand agreements on sharing

and management of the Dammam aquifer do not exist ygte curr@t uncoordinated
development is in fact contributing to the decline in the peizometric head, increased level of
salinity, mixing of water among aquifers and depletion of the aquifer reserves. These negative
impacts ardikely to beexacerbatedoy the antigpated impacts of climate change due to the
expected changes in rainfall intensity and frequeringreased sectoral demands leading to
more groundwater abstractigrand sea level rise leading to more saline water intrusion, thus
increasing the vulnerability of this shared aquifer, ammplicatingnational water resource
management and planning the countries

5.2.3. Vulnerability assessment
The vulnerability of the shad Dammam aquifer was evaluated using the same data used in
the analysis of the Arabian Peninsula (AP) counsileseit is not available at the aquifer level
in all countries Data wasavailable fromKuwait,Bahrain, Qatarand UAE.Sincethe Dammam
aquifer is not considered a productive aquifer in Syria and Jordan compared to its status in
Arabian Peninsulat was decided tamit thesecountries in the case studylhe availability of
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detailed data on the recharge rates in each country and the ratesater being extracted

from the Dammam aquifer to satisfy the water demanasuld have been useful for this
research Information was available for the area covered by the Dammam aquifer in eastern
Saudi Arabia regarding the amount of pumping volume,haege, desalinated water,
wastewater populationand the water demand. The 198805 trends for the variation of the
main parameters; renewable water stress, water development pressure, ecological health and
management capacity were estimated using theeyoing equations discussed in chapter 3 to
provide an approximate vulnerability index (VI).

The esources stress (RSs) parameter

The water stress indicator is influenced by the renewable water resources avaijability
including the consumption pattern ofthe growing population (RSsand water variation
parameter resulting from long term rainfall variability (RSv).

Water resources stress (RSS)

The availability of the renewable water resources (surface and groundwater) supplemented
by desalination availde over time in the past and the future will decide to what extent it can
meet the past and future water demands of the level of the population size

The water stress (RSs) values for the year 1985 range from 0.68 in UAE to 0.82 in Kuwait. A
small increasén water stress was observed in 1995. The vafaoeyear 2005 range from 0.56

in Oman to 0.66 in Kuwa{fablel4). The water stress is still high, however the increase in the
desalinated water production which represents a significant amount of theladblai
freshwater in most countries (with the exception of Saudi Arabia and Oman), reduced the
water deficits as shown ihablel4 and Figures8.

The water stress is influenced by the amount of desalinated water, as the other sources from
run-off during flooding events and recharge are comparably very small.

Water Variation (RSv)

The water resources variability is estimated by the coefficienvariation (CV) of a long
rainfall record for a period (280 years).The estimated water variation is very extreme in the
regionas a result othe random nature of rainfa{lTable 15)
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Tablel4: Water stress variation for pard 19852005

1985

1995

2000

M Saudi Arabie
W UAE

RSs
Country 1985 1995 2000
Bahrain 0.83 0.86 0.82
Kuwait 0.89 0.81 0.87
Oman 0.57 0.71 0.73
Qatar 0.79 0.74 0.75
Saudi Arabia 0.87 0.86 0.85
UAE 0.81 0.80 0.84
_ 1.0
Q
) .
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o
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s M Qatar
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Figure68: Degree of water stress for the AP agdgion

97



Tablel5: Water availabilitwariation(RSvilue to rainfall variability CV is the coefficient of

variation.
Water Variation Parameter RSv

Country Ccv Mean Sandard deviation RSv equation
Bahrain 0.69 79.3 54.5 1.00 RSv=CV/0.3
Kuwait 0.49 112.7 55.13 1.00 RSv=CV/0.3
Oman 0.74 105.7 78.5 1.00 RSv=CV/0.3
Qatar 0.85 79.8 67.9 1.00 RSv=CV/0.3
Saudi Arabia 0.75 75.5 56.75 1.00 RSv=CV/0.3
UAE 0.91 92.05 83.44 1.00 RSv=CV/0.3

Water DevelopmentPressures (DPparameter

The water development parameter can be estimated tayo variables water exploitation
(DPs) and safe drinking watercassibility ([Bd).

Water Exploitation (DPs)

Thewater exploitation variable is estimated by the ratiotbé total water demand (domestic,
industrial and irrigation)(WRs) for a given year to the availaiph®unt of renewable water
sources (WR)The water exploitation (DPs) analysis indicates high edioiethe period 1985
2005 as the water demand far exceeds the available wai# countries seem to face water
shortages in the irrigation sector. The domestic water demand is being met from the
desalinated source and also through groundwater. The wsltertage is being met through
the mining of the nonrenewable groundwater resources from many aquifers including the
Dammam. The values reported Trable 16 and Figure69 reflects the high degree of water
exploitation for all countries of the GCC aigion

Safe drinking water inaccessibility (DPd)

The supply coverage depends on the water resources development activities to provide the
basic water need for different segment of the society. The drinking water supply coverage
varies among the countries, rgimg from 0.00 to 0.43 for the year 1985, as showmablel7

and Figure 70. The analysis indicates that the water supply coverage is very high for all
countries with the exception of Saudi Arabia and Oman. These two countries, because of the
size of thei area extent and population, need additional financial resources to improve the
coverage especially in rural areas. The 1995 and 2005 trends indicates less coverage in Oman
for the year 2005; while the situation in Saudi Arabia indicate improved covdoagene

period 19952005.
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Tablel6: Waterexploitationvariation(DPs)

0.0 -

1990 1995

2005

E Saudi Arabia

DPs
Country 1990 1995 2005
Bahral_n 1.00 1.00 1.00
Kuwait 1.00 0.92 1.00
Oman 1.00 1.00 1.00
Qatar 1.00 1.00 1.00
Saud Arabia 1.00 1.00 0.98
UAE 1.00 1.00 1.00
v)
0 1.0 -
7 ® Bahrain
O 0.8 - _
S ® Kuwait
[
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Figure69: Water exploitation variation
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Figure70: Drinking watersupplyinaccessibility

Tablel7: Drinking water supplynaccessibility

DPd
Country 1985 1995 2005
Bahrain 0.00 0.00 0.00
Kuwait 0.00 0.00 0.00
Oman 0.43 0.26 0.79
Qatar 0.09 0.00 0.00
Saudi Arabia 0.25 0.20 0.15
UAE 0.00 0.00 0.00

Ecological HealtfEH) Parameter

This parameter evaluates the degree of water pollution (Ehp) and the deterioration (EHe) that
may be experienced by the ecosystem.

Water pollution (EHp)

The pollution to water resources vulnerability is estimated by the ratio of the total untreated
wastewater (WW) discharge in water receiving systems to the total available renewable water
resources (WR). Water pollution analysis indicates high pollutidt®8b, as the estimated
values ranged from 1 to 0.55 with very high for Kuwait, Qatar and UAE and relatively less
pollution in Saudi Arabia and Oman. The pollution level has decreased in Saudi Arabia, Qatar
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and Omarfor the period19852005 but increasedn Bahrain, Kuwait, and UAHE 1995 the
values ranged from 1o 0.98 and from 0.26 and 0.29 in Bahrain and Kuwait, respectively,
reaching 0.58 in Saudi Arabil the year 2005 the pollution from wastewater in all countries
decreased with the exceptioof Oman and Bahrain as shownTiable18 and Figure71. The
values in 2005 ranged from 0.05 in Kuwait, 0.29 in UAE to 0.54 in Saudi Avilsia.
countries, because of the availability of adequate financial resources, were able to invest in
waste treatmentfacilities by treating their wastes to tertiary or advanced treatment levels.

Tablel8: Water pollution parameter

Ehp
Country 1985 1995 2005
Bahrain 0.00 0.26 0.85
Kuwait 1.00 0.29 0.05
Oman 0.55 0.69 0.94
Qatar 1.00 0.98 0.54
Saudi Arabia 0.52 0.58 0.50
UAE 1.00 0.94 0.29
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Figure71: Water pollution variation
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Ecosystem deterioration (EHe)

The ecosystem deterioration is estimated as the ratio of land size without vegetation cover
(Ad) to the total size of the country (A) assessEdological deterioration values were high for

all countries; being in the range of 0:9205, with the exceptin of Saudi Arabia (a range of
0.44 in 1985 to 0.10 i2005as shown inTable19 and Figure72. All countries sharing the
Dammam aquifer suffer from extreme desertification and absence of adequate vegetation
cover. The low values in Saudi Arabia could lidaading as only the eastern part of Saudi
Arabia is covered by the Dammam aquifer comparing to other countries sharing the aquifer in
which the aquifer covers almost all the areas of these countries. Values for Oman for the
period 19852005 may also bencorrect as most of its southern areas have adequate
vegetation cover, due to agriculture activities and rains.

Tablel9: Ecological parameter

Ehe
Country 1985 1995 2005
Bahrain 0.92 0.91 0.90
Kuwait 0.92 0.92 0.92
Oman 0.97 0.97 0.94
Qatar 0.95 0.95 0.95
Saudi Arabia 0.44 0.10 0.10
UAE 0.95 0.93 0.92
- 1.2
©
T 1.0
2 ® Bahrain
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Figure72: Ecosystem deterioration variation
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Managementcapacity MC

Freshwater vulnerability is improved by the implementation of effective management
practicescontributing towater sustainabilityEvaluation of the management capacity provides
a mearsto evaluate how effective the water sector is being mgeed.

This parameter is represented by three variables, water insfficiency (MCe), improved
sanitation inaccessibility (MCs) and conflict management capacit@g(Mhe water use
inefficiency is very high in Oman and Saudi Arabia in the range eDGEF# the year 1985
Low values in the remaining countries (ranging from €0188) in the year 198indicates
higher water use efficiencyefficiency improved over the period 199805 for all countries as
shown inTable20 and Figure73.

Table20: Water useinefficiency parameter

Mce
Country 1985 [ 1995 [ 2005
Bahrain 0.27 | 055 | 0.00
Kuwait 0.00 | 0.00 | 0.00
Oman 0.75 | 0.78 | 0.56
Qatar 0.10 | 0.29 | 0.00
Saudi Arabia 0.73 | 0.82 | 0.68
UAE 0.38 | 0.51 | 0.00

0.9
> 038
.5 0.7 ¥ Bahrain
% = 0.6 M kuwait
_g g 05 & Oman
§ g 0.4 M Qatar
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g 0.2 M UAE
= 0.1
0.0

Figure73: Water useinefficiencyparameter

The sanitation inaccessibility values reportedrable21 and Figure74 are very low (close to
zero for most countries). Relatively high values were calculated for Oman and Saudi Arabia in
1985 (in the range of 0.4.49); however the values decreased during the period 128Eb5.
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Countries of the AP sufegion, because of theoil income, have adequate financial resources

to invest in waste treatment facilities and the associated collection network systems. The
analysis indicated very low values for most of the countries such as Bahrain, Kuwait and Qatar
as most of their arem are considered urban where usually the service is better done than in
rural areas. The sanitation coverage is adequate in most countries, with the exception of Saudi
Arabia and Oman which has less coverage in the rural areas. Even though high sanitation
coverage exits, waste water pollution is taking place as some of the wastewater treatment
plants are operating in excess of their capacities. Large volumes are being disposed into the
sea and wadi channels. The amount of reuse of treated wastewater iswely compared to

the available volumes.

Table21: Sanitation inaccessibility parameter

MCs
Country 1985 1995 2005
Bahrain 0.00 0.00 0.00
Kuwait 0.02 0.00 0.00
Oman 0.49 0.16 0.08
Qatar 0.03 0.00 0.00
Saudi Arabia 0.40 0.30 0.25
UAE 0.05 0.00 0.00
o 0.6
c © E Bahrain
© £ 05
g 8 M Kuwait
= @
S 04
o i Oman
23 03
3 @ H Qatar
sy 02
E g [ W Saudi Arabi.
c 0.1
i UAE
0.0 -
1985 1995 2005

Figure74YSanitation Inaccessibility variation

The conflict management capacity vetuare very high for Bahrain, Kuwait, and Saudi Arabia
estimated at 0.95; while lower values are estimated for Qatar and Oman, ranging from 0.00 to
0.48 for the period 1982005 as shown ifiable22. These lower values stem from the lack of
coordination anong different Ministries and departments within the same Ministry in these
countries.

Results

The estimation of the four main parameters for each country of the ARregibn for the
periods 19852005 is shown imable23. The parameter values were used astimate the
vulnerability index for each country.
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Table22: Management conflict parameter

Country MCg
Bahrain 0.95
Kuwait 0.95
Oman 0.48
Qatar 0.00
Saudi Arabia 0.95
UAE 0.48
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Table23: Calculation of four main parameters used for estimating vulnerability index for each

country

Bahrain 1985

Category Resource Stress Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.8299 1.0000 1.0000 0.0000 0.0000 | 0.9155 || 0.2735 | 0.0000 | 0.9500
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.4150 0.5000 0.5000 0.0000 0.0000 | 0.4577 || 0.0903 | 0.0000 | 0.3135
Component Total 0.9150 0.5000 0.4577 0.4038
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2287 0.1250 0.1144 0.1009
0.5691

Overall Score

Bahrain 1995

Development Pressure

Echological Health

Management Capacity

Category Resource Stress

Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg

Calculated 0.8578 1.0000 1.0000 0.0000 0.2571 | 0.9085 || 0.5508 | 0.0000 | 0.9500
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33

Weighted 0.4289 0.5000 0.5000 0.0000 0.1286 | 0.4542 [ 0.1818 | 0.0000 | 0.3135
Component Total 0.9289 0.5000 0.5828 0.4953
Weight for Category 0.25 0.25 0.25 0.25

Weighted 0.2322 0.1250 0.1457 0.1238

0.6267

Overall Score

Bahrain 2005

Development Pressure

Echological Health

Management Capacity

Category Resource Stress
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.8150 1.0000 1.0000 0.0000 0.8537 | 0.9014 || 0.0000 | 0.0000 | 0.8500
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.4075 0.5000 0.5000 0.0000 0.4268 | 0.4507 || 0.0000 | 0.0000 | 0.2805
Component Total 0.9075 0.5000 0.8775 0.2805
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2269 0.1250 0.2194 0.0701
0.6414

Overall Score
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Kuwait 1985

Category Resource Stress Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.8929 1.0000 1.0000 0.0000 1.0000 | 0.9220 | 0.0000 [ 0.0200 | 0.9500

Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33

Weighted 0.4465 0.5000 0.5000 0.0000 0.5000 | 0.4610 |[ 0.0000 | 0.0066 | 0.3135

Component Total 0.9465 0.5000 0.9610 0.3201
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2366 0.1250 0.2402 0.0800
Overall Score 0.6819
Kuwait 1995

Category Resource Stress Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg |
Calculated 0.8110 1.0000 0.9215 0.0000 0.2882 0.9203 || 0.0000 | 0.0000 | 0.9500

Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33

Weighted 0.4055 0.5000 0.4607 0.0000 0.1441 0.4602 || 0.0000 | 0.0000 | 0.3135

Component Total 0.9055 0.4607 0.6043 0.3135
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2264 0.1152 0.1511 0.0784
Overall Score 0.5710
Kuwait 2005

Category Resource Stress Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.8661 1.0000 1.0000 0.0000 0.0472 0.9158 || 0.0000 | 0.0000 | 0.8500

Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33

Weighted 0.4330 0.5000 0.5000 0.0000 0.0236 | 0.4579 |[ 0.0000 | 0.0000 | 0.2805

Component Total 0.9330 0.5000 0.4815 0.2805
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2333 0.1250 0.1204 0.0701
Overall Score 0.5488

107



Oman 1985

Category Resource Stress Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.5721 1.0000 1.0000 0.4300 0.5472 0.9671 [ 0.7454 | 0.4900 | 0.4800
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.2861 0.5000 0.5000 0.2150 0.2736 0.4835 [ 0.2460 | 0.1617 | 0.1584
Component Total 0.7861 0.7150 0.7571 0.5661
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.1965 0.1788 0.1893 0.1415

Overall Score 0.7061
Oman 1995

Category Resource Stress Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.7084 1.0000 1.0000 0.2600 0.6932 0.9670 [ 0.7823 | 0.1600 | 0.4800
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.3542 | 0.5000 0.5000 0.1300 0.3466 | 0.4835 || 0.2581 | 0.0528 | 0.1584
Component Total 0.8542 0.6300 0.8301 0.4693
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2136 0.1575 0.2075 0.1173
Overall Score 0.6959

Oman 2005

Category Resource Stress Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.7324 1.0000 1.0000 0.7900 0.9398 0.9444 [ 0.5558 | 0.0800 | 0.4000
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.3662 0.5000 0.5000 0.3950 0.4699 0.4722 ([ 0.1834 | 0.0264 | 0.1320
Component Total 0.8662 0.8950 0.9421 0.3418
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2165 0.2238 0.2355 0.0855
Overall Score 0.7613
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Qatar 1985

Category Resource Stress || Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.7919 | 1.0000 1.0000 0.0900 1.0000 [ 0.9534 | 0.1047 | 0.0300 | 0.0000
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.3960 | 0.5000 0.5000 0.0450 0.5000 | 0.4767 | 0.0345 | 0.0099 | 0.0000
Component Total 0.8960 0.5450 0.9767 0.0444
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2240 0.1363 0.2442 0.0111
Overall Score 0.6155
Qatar 1995
Category Resource Stress || Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.7446 | 1.0000 1.0000 0.0000 0.9807 | 0.9518 | 0.2918 | 0.0000 | 0.0000
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.3723 | 0.5000 0.5000 0.0000 0.4904 | 0.4759 | 0.0963 | 0.0000 | 0.0000
Component Total 0.8723 0.5000 0.9663 0.0963
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2181 0.1250 0.2416 0.0241
Overall Score 0.6087
Qatar 2005
Category Resource Stress || Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.7531 | 1.0000 1.0000 0.0000 0.5436 | 0.9505 | 0.0000 | 0.0000 | 0.8500
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.3765 | 0.5000 0.5000 0.0000 0.2718 | 0.4753 | 0.0000 | 0.0000 | 0.2805
Component Total 0.8765 0.5000 0.7470 0.2805
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2191 0.1250 0.1868 0.0701
Overall Score 0.6010
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Saudi Arabia 1985

Category Resource Stress || Development Pressure| Echological Health || Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.8681 1.0000 1.0000 0.2500 0.5161 0.4355 ||0.7331|0.4000( 0.9500
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.4340 0.5000 | 0.5000 0.1250 0.2581 0.2177 ]|0.2419|0.1320| 0.3135
Component Total 0.9340 0.6250 0.4758 0.6874
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2335 0.1563 0.1189 0.1719

Overall Score 0.6806

Saudi Arabia 1995

Category Resource Stress | Development Pressure| Echological Health || Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce | MCs MCg
Calculated 0.8635 1.0000 1.0000 0.2000 0.5781 0.0997 |/0.8198|0.3000( 0.9500
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.4318 0.5000 || 0.5000 0.1000 0.2891 0.0499 ||0.2705]|0.0990| 0.3135
Component Total 0.9318 0.6000 0.3389 0.6830
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2329 0.1500 0.0847 0.1708
Overall Score 0.6384

Saudi Arabia 2005

Category Resource Stress Development Pressure| Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce | MCs MCg
Calculated 0.8472 1.0000 0.9777 0.1500 0.5028 0.1001 ||0.6757(0.2500| 0.6500
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.4236 0.5000 0.4888 0.0750 0.2514 0.0501 |[|0.2230(0.0825| 0.2145
Component Total 0.9236 0.5638 0.3014 0.5200
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2309 0.1410 0.0754 0.1300
Overall Score 0.5772
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UAE 1985

Category Resource Stress || Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.8108 | 1.0000 1.0000 0.0000 1.0000 | 0.9456 || 0.3802 | 0.0500 | 0.4800
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.4054 | 0.5000 0.5000 0.0000 0.5000 | 0.4728 | 0.1255 | 0.0165| 0.1584
Component Total 0.9054 0.5000 0.9728 0.3004
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2264 0.1250 0.2432 0.0751

Overall Score 0.6697
UAE 1995

Category Resource Stress || Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.7985 | 1.0000 1.0000 0.0000 0.9424 | 0.9336 || 0.5067 | 0.0000 | 0.4800
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.3993 | 0.5000 0.5000 0.0000 0.4712 0.4668 || 0.1672 | 0.0000 | 0.1584
Component Total 0.8993 0.5000 0.9380 0.3256
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2248 0.1250 0.2345 0.0814
Overall Score 0.6657

UAE 2005

Category Resource Stress || Development Pressure || Echological Health Management Capacity
Parameter RSs RSv DPs DPd Ehp EHe Mce MCs MCg
Calculated 0.8368 | 1.0000 1.0000 0.0000 0.2905 0.9232 || 0.0000 | 0.0000 | 0.4800
Weight in Category 0.5 0.5 0.5 0.5 0.5 0.5 0.33 0.33 0.33
Weighted 0.4184 | 0.5000 0.5000 0.0000 0.1452 | 0.4616 | 0.0000 | 0.0000| 0.1584
Component Total 0.9184 0.5000 0.6068 0.1584
Weight for Category 0.25 0.25 0.25 0.25
Weighted 0.2296 0.1250 0.1517 0.0396
Overall Score 0.5459
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Overall, the vulnerability indexvalues forthe period of the analysis proved relatively high (in

the range of 0.55 to 07). Bahrain values increased from @.® 0.65 while Kuwait and Qatar
showed a decrease from @260.68 to 0.53 as shown inTable24 and Figure75. The same
decreaing trend was observed for Saudi Arabia and UAE. The case of Oman indicates
increasing vulnerably with time. All countries are not expected to face severe freshwater
vulnerability due to the role of desalination in providing drinking water supply without the
influence of any natural impact and the availability of financial resources. The high water
supply and sanitation coverage provided represent dominant factors in the vulnerability index.
Most countries have the needed financial resources to invest in theg@n and wastewater
treatment facilities for the domestic sector.

Table24: Vulnerability index variation

Vi

Country 1985 1995 2005
Bahrain 0.57 0.63 0.65
Kuwait 0.68 0.57 0.56
Oman 0.71 0.70 0.77
Qatar 0.62 0.61 0.53
Saudi Arabia 0.68 0.64 0.60
UAE 0.67 0.67 0.55
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Figure75: Variation of VI of Dammam aquifer for all countries
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Analysis

The current development practice and the absence of coordinated management of the
Dammam aquifer is expected to have political, technical, economic and social implications
leading to future dispute among countries of the region.

Political aspects

The curent unplanned development of the shared Dammam aquifer, where abstraction is
taking place in excess of the amount of natural recharge and without any coordination
between the concerned countrie Thigs leading to a decline in the water level and incexhs
salinity levels consequencesd the reduction of interflow from Saudi Arabia to Bahrain,
Kuwait, UAE and Qatar. This may lead to the migration of saline lenses, mixing of water
amount among layers, reduction of spring discharges in lowland areas asthtaones and
increasing water deficit because the available ground water became highly saline and not
convenient to be used for drinking supply needs.

Decision makers need to be aware that the current practices may result in potential sources of
dispute in the near future and at the same time they do not have the political will to
coordinate the groundwater exploitation and establish a coordination management
mechanism. Although water professionals in the countries are well aware that mining of the
aquifer will result in adverse impacts on water sustainability, they have not raised their
concern about the future development. The issue of shared groundwater resources has been
looked at from a national sovereignty point of view and represents a sensidittenal issue.
Shared water resources have not received adequate public debate, which has contributed to
widening the communication and coordination gaps among countries of the region. Adding to
these complications is a prevailing view by the publict tslzared aquifers have extensive
reserves and the current development has minimum impact on water resources availability for
the sharing countries. The combination of these factors and current development practices
are expected to lead to dispute among oties of the region.

Availability of legal and enforcement agreements can achéepgtableallocation of the water

and management of the aquifer under a limited mining condition. Existing legal frameworks
on shared groundwater resources should form these for dialogue, debate, cooperation,
coordination and development and management of water projects for shared resources. The
many articles of existing legal frameworks are vewtable for the managementof the
Dammam aquifer within the framework ofi¢ GCC secretariat. The issue of shared Dammam
groundwater resources needs immediate attention in order to avoid potential disputes among
countries given the impact of the current development on the Dammam aquifer in all the
countries.

Technical aspest

The current development practices are contributing to the deterioration of water quantity and
quality of the Dammam aquifer. In addition, climate change, in terms of reduced recharge and
salt water intrusion, will further result in problems related to thvater balance of the aquifer
especially for downstream countries of eastern Saudi Arabia, Kuwait, Bahrain and Qatar. The
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current and future abstraction rates in Saudi Arabia and Kuwait will decrease theraiezo
heads, resulting in higher salinity, angixing of water with water of low quality. The many
springs along the coast of Bahrain and Qatar will disappear with the sea wedge advancing
inland. Recharge rategven if it is very limited in quantity it is expected to decrease as a result
of large vardtions of rainfall over the outcropping areas due to climate chafde lack of
monitoring and enforcement of drilling licensing has contributed to practices that do not meet
the minimum sound technical drilling requirement. The lack of effective mongohas
resulted in the contamination of groundwater due to leakage of water or mixing of water of
low quality. Such practice is diminishing the availability of the resources and has disturbed the
dynamic balance with a reversal of flow. The lack of infirom dissemination and exchange
among countriehashindered further the joint development and management of the aquifer

as assessment were made and scenarios were developed at the national level of each sharing
countries without taking into consideratiotineir impact on the situation of the neighboring
countries. This issue should be highlighted at the level of decision makers in each country
proving that any miss management of the groundwater resources of the aquifer will have
negative impact on the agigr in neighboring countries. A coordination mechanism should be
settled among the riparian countries to avoid this impact and drawing a sustainable
exploitation policy for the resource of the aquifer.

Social aspect

Every human being has the right to agmte supplies of water for survival including from
shared water resources. Depletion of groundwater due to the high mining rates has social
Implications on the future generations who need adequate and safe water supplies for their
survival. Societies wiflourish in light ofequitable and fair allocation of water taking into
consideration water quality. Depletion of the resource and deterioration of groundwater
guality will deprive the human being of their MDG righi$so, governments may not have the
adequate financial resources to provide needed water supply. Water shortages may therefore
lead to urban migration and loss of agriculture. Declining water levels may force low income
farmers to abandon their farms or incur higher costs to deepen their wells

Economic aspest

Deterioration of shared groundwater in terms of quantity and quality has contributed to
increases in water deficit in eastern Saudi Arabia, Bahrain and Kukaitering ofthe water
tableas a result of high abstraction rates has resulted in the abandonment of some wells or
deepening of others with increased investmebDeteriorationof aquifer water quality has also
increased dependency on the costly desalinated wagaudi Arabia, Bahira Kuwait and
Qatar are increasingly relying on desalinated water from brackish groundwater of Dammam
for domestic purposes mostly blended with higher salinity water of other overlying saline
aquifers. Deterioration of water quality will influence the mix ratio between desalinated
water and pumped saline groundwater causing a higher cost of water treatment for providing
more desalinated water t@wompensate the change of mixing ratio. Evidence in the region
indicates that international lending institutis have been reluctant to provide needed funds
for water supply development that depend on shared resource due to the absence of shared
agreements.
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Chapter 6

Future of freshwater vulnerability in West Asia region

Chapter Key messages

1 The vulnerability ofreshwater resources in West Asia is expected to continue to increase
in the future if the current trends of population growth and agricultural policies
continued, and the issue of shared water resources is not resolved.

1 Itis expected that the vulnerdlity of freshwater in the region would be exacerbated by
the impact of climate change, manifested by increasing water scarcity and variability,
increasing water deficits by widening the gap between available water resources and
demands, and migHead toadditional conflicts between the riparian countries.

1 Itis imperative that thecountries of the regioronsider the potential impacts of climate
changein their water resources planningnd managemenby integrating appropriate
adaptation measures

1 The issue of shared water resources among countries outside the region, as well as
between the countries within the region, represergsmajor driver for the vulnerability
of freshwater resources irthe region, and aframework for cooperation in the
managementof shared water resources should hgiven the highest priority and
developed

6.1. Introduction

Inadequate levels of water management, population pressure, unsustairedplieultural
policies andthe expected negativémpacts of climate changeconstitute major challenges to
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