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Strengthening the capacity of the Mediterranean countries to address common environmental issues

Climate Change Adaptation in the Water Sector
In the Middle East and North Africa
A Review of Main Issues

There is a tide in the affairs of men,
Which, taken at the flood, leads on to fortune;
Omitted, all the voyage of their life
Is bound in shallows and in miseries,
On such a full sea are we now afloat,
And we must take the current when it serves,
Or lose our ventures.
William Shakespeare

Background

Fresh vater is avital, finite? andvulnerable resourcén many countries of the Middle East and
North Africa (MENA) regior, freshwater stress and shortaga® becoming a serious threat
economic growth, social cohesion and political stabiksesh vater, whichis being used in an
uncontrolled and unsustainable fashienunfortunately not planned on the basis ofpitesent

! Technical Note prepared by METAP under the-fli@ded SMAP Ill projecfi Pomoting awareness and
enabling a plicy framework for environment and development integration in the Mediterraneaa with
focus on Integrated coastal Zone Management Thi s note was pr dlpeaiewnsd by Mr .
expressed in this report and the results of the analyses a@d¢hesponsibility of the Author, and could
not be attributed in any way, shape or form to the Ministry of Environment of Lebanon, the World Bank
Group, the Government of Finland or the European Commission

Althoughthe technical notdraws on the Wod Bank MENAMaking Most of Scarcitgnddraft
Regional Business Strategy to Address Climate Chasgeell as on thHPCC 4, the views expressed in
it could not be attributed in any way, shape or form toMoeld Bank Group

2 Only when desalination is not considered.

% The World BankMiddle East and North Africa region consists of AlgeBahrain,Djibouti, Eqypt, Iran,
Iraq, Israel, Jordan Kuwait, Lebanon Libya, Malta,Moroccg Oman, Qatar, Saudi Arabi@yria Tunisig

the UnitedArab EmiratesWest Bank and GazandYemen Only underlined countries are client members
and some of the remaining Arab countries seelbfesed technical assistance from the World Bank on an
ad hoc basis. In this note, Israel and Malta aténobuded in the analysis.
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and futureavailability but rather is based @ectoral ad geographicatompetingconsumption
needs Thiswill increasinglypenalize certairconomic activitiegnd serviceswhichwill in turn
disproportionatly affect the poor. Moreover, despitémportantstridesin curbing demographic
growth inthe MENA regim, the growth rate remaingelatively high(2 percenton averageper
yearduring this decade against 2.2 over the 199@ecadgin this freshwaterstricken region
which is translated by growingurbandensification (Map 1) thawill put more pressuren water
resources in the future.

Global warming is unequivocal and the changegieenhouse gas (GH@missionsis due to
human activities according the latestintergovernmental Panel on Climate CharRrCC) 4™
assessment repdiBox 1 and Annex ). Also, it is believed that ohate change effect will have
profound climatic, environmentaland societal impact worldwide over the 21 century More
specifically,the MENA region seems to bleighly vulnerable tothe disruptive climate change
effectsdue not only toincreasingwater stressbut also tothe concentration of population and
economic activity in floogprone urlanrural coastalareasthe significant dependence on climate
sensitive agricultureto tropicatlike weathes and the increase of natural disaster events with
their associated toll in terms dfseass, injuries, premature deatimd lossesas well asdisease
patternalteration and resource scarcitgreas that couldossiblytrigger localand nationalstrife
as well agegional conflicts

In order to tackle this future challengemediate and imperative actions are requiredP&C
scientists still cosider the climate change phenomena in its inertia stage but could grow out of
control if not seriously addresseWith 385 parts per millior{ppm) by volumein the Earth's
atmospherdn 2007 the world has already shot past 350 ppm safe eventual atmosehic
concentration of carbon dioxid€0,) 20 years ag@Annex ).

Box 1:What isClimate Change

Climate change is any lortgrm significant change in theverage temperatud the Earth's neasurface
air andoceanghat a given region experiences. Th&ergovernmental Panel on Climate ChafigCC), an
intemational andmultidisciplinary body set up taotably monitor and modethanges in weathe
concludel that"most of the observed increasegiobally averaged temperatures since the-2dithcentury
is very likelydue tothe observed increase in greenhouse gas concengatiia thegreenhouse effect

Climate modebprojections summarized by the IPCC indicttat average global surface temperature
likely rise a further0.6° to 4° Celsiuswith a likely range between 0.2ind 6.4° Celsiusluring the21*
century.The range of values results from tinge of differingscenarioof future greenhouse gammissions ag
well as models with differinglimate sensitivity(Annex I). Increases in the amount of precipitation are v
likely in hightlatitudes, while decreases are likely in most subtropical land reghtheugh most studies focu
on the period up to 2100, warming and sea level (tikely range between 0.18nd 0.59 meter by 2100are
expected to continutor more thara thousand years even if greenhouse gas levels are stabilized. Th¢
in reaching equilibrium is a result of the large heat capacity of the odgatastrophicand unpredicteq
events such ase shelf collapse in the Arctic, Antarctandbr Greenlanatould however push the sea le
rise to shoot past likely ranges

Increasing global temperature will causea level to riseand is expected to increase the intensity
extreme weatheevents and to change the amount and pattenpregfipitation Other effects of global
warminginclude changes iagicultural yields trade routesjlacier retreatspecie®xtinctions(between 20
to 70 percent depending on the temperature increemmase in the burden of disease and jnjue-

emergence otertain diseasesincrease inwaterrelated, cardiorespiratory and vectdsorre diseases
Remaining scientifizincertaintiesnclude the amount of warming expected in the future, and how war
and related changes will vary from region to region around titseg|

Except forfew countries including th&nited States ofAmerica 175 countrieshavesigned and ratifiethy
the end of 200%he 1997Kyoto protocol aimed at reducing grebouse gas emissian®nly developed
countries or Annex | countriesare bound by emission reductioisforts to hammering out a successor
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the Kyoto protocol by 2012 are underway with a milestone meeting in Copenhagen irBRo@i%ere is
ongoingpolitical and public debatewvorldwide regarding whaand how muchaction should be taken t
reduce or reversiiture warmingandto adaptto its expected consequences.

Source: adapted from thatergovernmental Pzel on Climate Changé™ to 4" Assessment Reporsid
Kyoto protocol

Climate change should therefol® mainstreamedn development planningnd rulebound
governancet all scales, levels and sectordhe MENA region, especially with regards water
resourcesand GHG emissions In addition, ketterwatermanagemenitin conjunction withother
sectors such aenergy agriculture industry, tourism, transport housing and wasté and
adaptation strategies need to be formulated and implementeducethe MENA vulnerability
to climate changever thenearlong term

Water Availability , Useand Servicesn the MENA Region

Water Availability

MENA countries belong tthe most water stresseegionin the world(Figure 3 with currently

per capita renewdd water resources at 1,106 per year which isfar below the water security
threshold of 1,700 M(Box 2). The quantity of water available varies considerably among
countries: betweeB m® per yearper capitafor Kuwait to 3,07 m® for Iraq. More speci€ally,
countries could be categorized according to three disttattr groups:arid, which requiresan
internal distributiormanagementf renewablewvater resourcedyyper arid which faces very low
levels of renewable resourceand transboundary which is highly dependent on external
renewable water resourceswo thirds of the region annual renewable surfaeter come from
outside the regiarAll hyper-arid countries are ia state ofvater absolute scarcity (Figureahd
Map 1) whereas countries lmiging to the arid and transboundary groups range from a state of
water security (Iragnd Iran to a state ofvater absolute scarcity (Algeria and Tunisia)

Figure 1. Renewable Water Resources by RegimhMENA countriesper year per capita
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Box2: Water AvailabilityThreshold

Water security: 01,700 nf per capita per year of renewable weer. This threshold is based on estimal
of water requirements in the household, agricultural, industrial, and energy sectors
as the needs of the environment. This figure cdubdvever fluctuate depending on
geographic, ecologic and soeégonomicdfactors.

Water stress: 01,000 and <1,700 nf per capita per year of renewable water.

Water scarcity: O500 and < 1,000n° per capita per year of renewable water.

Water absolute scarcity: < 500m® per capita per year of renewable water.

Source: adapted from World Bank (Pa)



http://en.wikipedia.org/wiki/Politics_of_global_warming
http://en.wikipedia.org/wiki/Global_warming_controversy
http://en.wikipedia.org/wiki/Mitigation_of_global_warming
http://en.wikipedia.org/wiki/Adaptation_to_global_warming
http://en.wikipedia.org/wiki/Intergovernmental_Panel_on_Climate_Change

Without discounting the effects of a growing densification of the population along coastal zones
(Figure 3, quadrant 2pn water resourceshé MENA region ismoreoverprone to low
precipitation high evapotranspiratigandclimaterelated naturatlisasters (Figure 2).

Indeed, most MENA countries belong to a critical combination of low rainfallhégidl spatal

and temporal rafall variability (internal renewable fresh water) with Lebanon being better off
among the group in term of precipitatiand Qatar being worst off in terms of both precipitation
and rainfall variability (Figure 2, quadrant Iyhe aridity of the region especially in the
hinterland coupled with the resulting need for increased storage (84 percent of dam
capacity/surface reneble water resources against an average 10 percent worldwide)
dramatically increases evapotranspiration (Map 1). Although extremely underreported, the
frequency of reported natural disasters in terms of droughts, floods and extreme weather has more
than daibled between the 198% period (50 events reported) and the 19%8period (116
events reported)Droughts have been associated with more intense rain events resulting in
flooding, erosion, and excessive rundfioreover, the severity of the disastersaffecting a
greater number of people mainly in rural areas averaging 225,000 per year over ¥ 1988
period. Althoughit is difficult to observe a clear trenfdr these events, their occurrence and
intensity are however clearly on the rise (Figurgu@drant 2) Unfortunately, direct and indirect
costs of disasters are rarely reported or valued.

Figure 2: RainPrecipitation andvariability, and Natural Disasterdyy MENARegionand Countries
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Note:In the first quadrant,iie x axis depicts the noalized average precipitation and the y axis depicts
the normalized variability indexn the second quadrant, a 1999 drought in Iran affected 37 million
people it is plotted on the graptvithout being weighted by the affected populatidatural episodesvith
unreportednumber of people affectede not plottedFloods usually occur after a period of droughts.
Source: FAGAQUASTAT (2002yompiled in World Bank (2007a3nd Authorbased on th©FDA/CRED
International Disaster Datbase.

Map 1:Aridity Zoning and Population Density in the MENA Region
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Water Use

The MENATregion isusing more of its renewable water resources than other reagitms world

as more thathree quartersf the renewable water resources are withdravary yeafFigure 3).

Most countries are supplementing thenewablewater deficitwith virtual water fietimport
substitution ofwater quantity equivalenio growing food and livestockin the country, the
installation ofdesalination plants (production prices has recently dropped dramatically and range
between US$ 0.5 andore thanUS$ 1 per lite) and the dangerous tappiimgo nonrenewable
groundwater especially within the hgygarid group.

Figure 3: Renewable Water Resources Withdramd UseShare by Regiorand Countries
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The MENA region has the highest share of total water withdrawal to total renewable water
resourcesn the worldwith large variations from 2,200 percent for Kuwait3b.3 percent for
Lebano# with an equilibriumthresholdset at 100 percerithe groupexceeding thd00 percent
threshold--the Arabian Peninsuldprdan, and Egyptshows a growingnd sometimes exdive
reliance on desalinatipnonrenewable ground watand net virtual water impo(Eigure 4)

As for the allocation of water resources among #w®nomic sectors, theMENA region
underscores significantwaterintensiveinput to averageagricultuil outputratio: theagriculture
sector use nearly 85 percent of totalvater resourcesgenerateonly 8 percent of theGDP on
average in 200%&nd employs about29 percent of labor mostly irural areas Moreover, the
agricultural valueadded GDP per kinof water usedin agriculture varies widely among

* According to the 2004 World Bank Water Resource Sector Note on Djibouti, the percentage is much
higher than the 6.3 percent recorded by the FX@UJASTAT and is closer to 100 percent.



countries from US$ 2@ in Iran to US$ 1,957 in Lebandwith an average of US$ 7Gar the
region(see alsagricultural vater requirementatio). By contrast, he domestic sectarses 11.4
percentand he ndustrial sectousesa mereresidual3.6 percentof waterresourcegFigure 4)

Figure 4: Total Water Withdrawato Total Renewable Water Resouresesl WaterSector Use
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Water Services

Water servicewvary considerably among countriedth inadequateyovernanceffectingaccess,
utility performance andgricultural water requirement herefore, water services amet keeping
up in terms oBervicequantity(demand and especially quality

In terms of governance, public accountability and administration quadliges remairpoor to
average amon®IENA countries They are mainly illustrated by a lack afpennessfairness,
transparency and inclusivenessdecisionmakingas well as by the poor enforcement of rules
and rights planning to monitoring process resource mobilizatignbureaucracyin terms of
management and organizational capacfiseservation of the commonand protection from
political/interest pressure.

Access to water istrangelybalancedbetweenurban and rural areasaccording to the 2002
WHO/UNICEF assessmern(87 percent although more reliable sources estimate rural water

access at 62 percent in 20@2)the MENA region is becoming margban than rural with eatio

of 1.5 in 2005 (Table 4). However, in norGulf countries, apid urbanization has outrun the
ability of <citiesd infrastructure to ptheovi de fo
quality of water together with po sanitationcoverageand hygiene contributi relatively high

waterrelated diseases in the regioRor instancediarrhea caused 22 deaths per 100,000
populationespecially in rural areéa MENA countries (exclding the Gulf countrieand Libya)

in 2002, compared to 6 in the Latin America and the Caribbean region, which has similar income

and service levels.

Measued by a ratio ofvater sold to net water suppliggublic utility performancen major cities
is poor with large variations among countrielost public sector urban utilities showater
losses ranging between 30 and mthran 60 percentin terms of operating cost, onlyrban
privately-operated utilities in Morocco shogsomeprofits whereasoperating cost coverage ratios
in all the other contries range betweenalmost abreakevenratio (0.9) in Algeria toa dismal
ratio (0.1) in Kuwait, which entails an almost total subsidization of water sesvilcgluding
desalination

®With more than US$ 2,000, Djibouti httee highest valuadded but its already overvalued currency,
which is pegged to the Euro whereas all the other currencies of the region are pegged to the US dollar,
introduces a currency differential bias to the data series.



Theagriculturalwater requirememntatio measures the efficiency of teat use in agriculture based
on the existing cropping pattern, evapotranspiration, and climatic condiienkseness to one
henceimplies higher efficiency of irrigation, which i$ar from being reached among MENA
countries: a minimum of 0.3 in Iramd a maximum of 0.5 in Tunisidhe agriculture sector has
unfortunatehittle incentive or harather disincentives (subsidies or crgsbsidiesspecially on
energy for water conservatioand efficiency

Climate Change Effectsn the MENA Region

Thedisruptiveeffects of timate changevill be multidimensional anavill representan important
additional stress to thalready vulnerableMENA region given the limitedwater resource
endowment and the increase in demand for natural resources exacésbgtesving carbon
intensive economés and urbanpopulation growtrover the next decade$hese effects coulde
selfreinforcing andhave far reaching consequencesthe progress oMENA societiesas they
will impact to various extentther publicand p i v a t e husma&ncsbomk cagtal, natural and
culturalassets

The global effectof climate change with temperatuirgcreasedeclinatiors are illustrated in

Figure 5. Various temperature increase scenarios relative to-1989 will affect waters,
ecosystems, food, coasts and health to various levels resulting in profound societal and
environmental impacts worldwide. Howevehjs MENA region analysis will beconfined to

water and health issuasd possible linkagesssociated with climate chanefects

Figure5: Effects ofGlobal Average Annual Temperature Changeil 2100,°C
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Source: IPCC 4 (2007).

Temperature Precipitationand Sea LeveProjections
A number of global climate models used unte€C 3 andlIPCC 4 as wel as ahypothetical
catastrophidmpact model are consideredo project temperatures, rainfall dod sea levelrise
associated witlonly 3 Special Report on Emissions Scenaiim$SRES)the MENA regionthat
were selectively usedhe Al1B (assumes a worlevith a globalized eonomy, high economic

growth, low populationgrowth, and a mix between high fossil fuel and energy efficient

technologies) AL1FI (highest future emission trajectprand the B1 (lowest future emission
trajectory scenarios are usdd predict a range of result&igure ALl in Annex )). These esults

shouldhoweverbe considered with the utmost caution especially those which required dropping

severalmodels in the analysis to obtain more robust figuAds.the resultswere seento be

criti c al

l'y dependent on future GHG emi ssi

ons

increasesSurprisingly some geographical overlapping occimsthe regionallPCC 4reports

which obviouslyresults in different predictions on the fring&gestAsia extends to the Eastern
Mediterranean Europe includes the Mediterranean basind both regions predict different
resultsfor overlapping areas

Nevertheless,hie MENA region will most likely face higher temperatures over the coming

decades as a @t of increasedsHG emissionsHowever, forecasting precipitation changes
more problematic with some modelader IPCC 3 andll models undetPCC 4 predicting an
increase of precipitation in the Middle Eastyregion The sea level will likely risever the next
decadesaind could reach up % metes shoulda catastrophic ice sheet evextursover the 21
century All results show moderate to wide variations acrossregions, seasons, baselinasd

and



emission scenariofNew simulation models artherefore warranted to produce more robust
regional, sufregional and even countgpecific predictionso deriveharmorizedbest estimates

ThelPCC 3models(17 global climate modelspredicted that:

1 In North Africasubregion an increase of the glabmeansurface aitemperature by 2.2°
Celsius(14 models) and a decrease of precipitation by 9 percent (7 madésgcur by
2050as compared tthe 1990 baselineunderA1B emission scenario

71 In the Middle Eassubregion an increase of the globalemnsurface aitemperature by
2.4° Celsius(4 models) an increase of precipitation by 4 percent when using 14 models
but a decrease of precipitation by 12 peroghen usingd modelswill occur by 2050as
compared to 19®underA1B emission scenario

1 In the MENA region, asea levelise between 0Band 0.47 metewill occur by 2050as
compared tdhe 1990 baseling(O 17 modelsunderA1F| and B2 emission scenaricss
pectively The coast mayhoweverbe subsiding or rising, which coulchodulatethe
increase in sea level rise caused by climate cha8ggprisingly the 0.39 meteMENA
regionmid-point of sea level risén 2050coincides with th100IPCC 4globalmidpoint.

The IPCC 4 model&2 global climate modelspredicted that:

1 In West Asia(22 modés), which cancides with the Middle East subegion an increase
of the mearseasonasurface aitemperaturganging betweemy 1.26* and 6.3 Celsius
an increase of precipitation betweénto 52 percenfrom June to Novembeand a
decrease of preciptian between2 to 25percentfrom December to Mawill gradually
occurover the201099 periodas compared tthe 196099 baselineunderAlFl and B
emission scenariogespectively (Table 1 and annual figures are not availgble
Precipitation result trendse consistent witthe abovdPCC 3 results with 14 models.

Table 1:WestAsiaProjected Temperature andégipitation, 2020s, 2050s an#080s

Sub- Season 2010 to 2039 2040 to 2069 2070 to 2099
Region [Temperature C° | Precipitation % [Temperature C° [Precipitation % |Temperature C°|Precipitation %
ALFI B1 ALFI B1 ALFI B1 AlFI B1 AlFI B1 ALFI B1
West Asia DJF 126 | 1.06 -3 -4 3.1 2.0 -3 -5 5.1 2.8 -11 -4
(12N-42N; | MAM 129 | 1.24 -2 -8 3.2 2.2 -8 -9 5.6 3.0 -25 -11
27E63E JJA 155 | 1.53 13 5 3.7 25 13 20 6.3 2.7 32 13
SON 148 | 1.35 18 13 3.6 2.2 27 29 5.7 3.2 52 25

Source: IPCC 4 (2007).

1 In Southern Europincluding he Mediterranean bas{81 models)which partly coincides
with the Nortlern Africa subregion as well as the Eastern Mediterraneaantries,an
increase of the global mean temperatur@&y Celsius a decrease of precipitation b
percentand a frequency of extreme waweather inl00 percenbf casesand extreme dry
weather ird6 percenbf caseswith wide seasonalityariatiors will occur by 2@0-99 as
compared tahe 1980-99 baselinaunderA1B emission scenario (Table.2)

Table 2: MediterraneaRrojected Temperatur@recipitationand Extreme Season, 2090s

Sub-  [Season Temperature C° Precipitation % Extreme Season %
Region Min 25 |[Mean| 75 | Max [Tyrs| Min 25 [Mean| 75 | Max | Tyrs Warm | Wet | Dry
DJF 1.7 25| 26| 33 4.6 25 -16 | -10 -6 -1 6 >100 | 93 3 12
oA wMAM [ 2.0 [30 [ 32 [ 35| 45 [ 20 | 24 [-17[ 16| -8 | -2 | 60 [ 98 | 1 | 3l
T’o JJA 2.7 37| 41 ] 50 6.5 15 53 | -35 | -24 | -14 -3 55 100 1 42
48N.40E SON 2.3 28 | 33 ] 40 5.2 15 -29 | -15 | -12 -9 -2 90 100 1 21
’ Annual| 2.2 30| 35 ] 4.0 5.1 15 -27 | -16 | -12 -9 -4 45 100 0 46

Note: Temperature and precipitatioare divided by quartile

Source: IPCC 4 (2007).
The hypotheticalcatastrophic impa modeldue to the unexpected acceleratingollapse of the
Arctic, Antarctic and/or Greenland ice shelf was simulategauge the impact ofsea level rise
rangingbetween 1o 5 meterson critical elementsuch agopulation, land and GD#&uring the



21% centuryin 84 countries including2 MENA countriesout of 19° Incidentally, ®me scientists
already prediconemeter sea level rise by the end of th& @dntury ormore thartwice as much
asthe 6 SERSIPCC 4midpoint predictiors: 0.39 meter andlkely range between 0.18 and 0.59
meterby 2100.The hypotheticalcatastrophic impaatnodel predicted a range afinimum and
maximumresultsfor a 1 to 5 meter sea level rise
1 8.2 million and 19.4 million people affecte@,3 and 0.6 percent of lost |lgntl9 and 4.9
percent of urban lost land; 3.3 and 7.1 percent of lost wetland; and US$ 20.9 and 54.9
billion in GDP lossesEgypt is the most at risk as 10nwre than20 percent of the Nile
Delta population together with agricultural larehd productioncould be severely
impactel by the sea level rise (Map. 2

Map 2 Populatlon Land and GDFExposed teCatastrophicl to 5 Meters Sea Level Rise
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Source: Dasgu et al. (2007).

Health Relative Risk Projections

The burden of waterelated, cardieespiratory and vectdsorne diseases as well as injuries will

be amplified through various complex pathways by climate change effects in the MENA region
(Figure®6).

In terms of burden of disease and injury, waitdated diseases (diarrhea, cholera, helminthes,
hepatitis A/E/F, etc.) will emerge or-eemerge in areas with poor water and sanitation services
especially in droughprone and rural areas (most ndgelf rural areas). The combination of
higher temperatures/extreme events and ambient pollution will increase the incidence ef cardio
respiratory diseases (ARI, COPD, asthma, etc.), premature death (congested urban environments)
and burns (forest fires). Climatichanges will transform certain coasts and higher altitude
hinterlands to tropicdike areas creating environments suitable for a larger variety of mosquitoes
to breed, which will increase the incidencepofksiblymalaria, wesNile virus, dengue, yellow

fever, etc. (Mediterranean coastal zones, the Arabian Peninsula and Djibouti). Poor liquid and
solid waste services could increase rodent populations, which could in turn trigger infectious
diseases notably carried by sandflgighmaniasis and fleas (plague) in peurbanand rural

area. Thefrequency and intensityncreaseof events in natural disastprone areas will result in
additional injuries and death in conjunction lwitisually the spread of infection diseas®d
epidemics whose human and animal telle sometimes larger than the disaster toll itself. Most
importantly, malnutrition associated with drought and crop failure could also increase with

6 Dasgupta et a[2007). Notincluded in the simulation afahrain, Djibouti, Iraq, Jordahebanon, Syria
andWest Bank and Gaza.


http://en.wikipedia.org/wiki/Leishmaniasis

notably compounding &fcts on the children under five years old health outcome suffering from
waterrelated, respiratory and/or vectoorne diseases. Furthermorég tprevalence of UV
related diseases such as skin cancer will incré&xseights or sea level rise will force gnation

and couldnot only triggerwaterrelated, vecteborne and respiratory diseadeut alsgossibly
HIV/AIDS, tuberculoseshepatitis C, SARSetc. As a resultthe healthcurativeservices could be
strainedby the marginal increase of the burdemisiease and injurguring the next decades

Figure 6: Pathways througlwhich Climate Change May Affect Health
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Source: Patz et al. (2000).

As projected by WHO by usingnly one model, all major central (migoint) criteria disease,
condition and injuryrelative riskswill increaseuntil 2030 as compared t2000 under theld
1995business as usuak unmitigated emission scenarfPCC 1S92a scenaricoser to A1FIi

Annex 1). Malariaand most notably natural disasted injurieswill outpae all other criteria

health outcomeespeciallyin nonGulf countries (Tabl&). These resulfsvhich allow giving an

order of magnitude of the relative risk projections, need however to be used with caution and
warrant an update based on models considered under4dRCgharios.

Table3: Climate ChangeinducedMENA Criteria Diseaseand ConditiorRelativeRiskProjections

Disease/Condition 2000 2010 2020 2030

Cardiovascular 1.001 1.002 1.003 1.003
Diarrhea 1.025 1.045 1.040 1.045
Malaria 1.030 1.065 1.095 1.150
Malnutrition 1.010 1.025 1.035 1.040
Injury 1.470 1.950 2.130 3.460

Source: WHO (2005).

Climate Change andaterAvailability, Use and Services

Water in the MENA region cannot be viewed in isolati@pid population growthjrbanization
economic growthlanduse changeand irrigationwater are already placinguge pressurs on
water resourceand threatening itguality. The incremental effects of climate chamsgenarios
areexpected to exacerbate currenéssuresn water resourcedue tohigher spaal and temporal
rain variability, lower precipitationpower runoff, higher evapotranspiratiorates and increased
natural eventsAs a resultrenewable surface and ground fresh waltiiroe reducedvith a direct
effect on the allocation of water amorsgctors and the environmerdisruption of water
management and servicesid potentially giving rise to tensions over wagdiocationespecially
among ripariartransboundangroupcountries.



Water availability

Given the demographic trend in the MENAgrion, the population wilalmost double (+93
percent between 200 and 205(QTable4). If we factor in the climate change effe¢table 5)in
terms ofvery conservative runoff reductiof20 percent)coupled with higher rain variability
higher evapotramsrationratesand more drougtgvens, the projectegber capita renewable water
resourcedor the MENA region willdropfrom 1,100m® per capitaper year in 208 to below the
500 nt water absolute scarcitynark by 2050 It is projected thaall the other MENA countries
will be in a state of water absolute scareitgept for Iraq that drops to a water stress stated
Iran, Lebanon and Syria that drop to a water scarcity. state

Table4: MENA Population Prospects

Population (million) 1995 2000 2005 2025 2050

Total 278.9 308.9 341.6 4775 594.7
Urban 157.0 179.6 204.5 317.4 454.1
Rural 121.9 129.3 137.1 160.1 140.6

Source: United Nations (2007).

Table 5:MENA 2050RenewabldreshWater with and without Climate Change Effectdpm

2000 2050 MENA RFW: M* Per Capita 2000 2050 MENA RFW with -20% CC Effects: M Per Capita
2,500 @ 2050 RW PC 2,500 @ 2050 RW PC
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Note: Total renewable fresh water is the sum Bfital internal renewable water resour¢eghich isthe
long-term averagennual flow of rivers and recharge of aquifers generated from endogenous
precipitation. Double counting of surface water and groundweagsource is avoided by deducting the
overlap from the sum of the surfagater and groundwater resources; aBdternal renewable water
resourceswhich isthe sum of the total naturakkternal surface water resources and the external
groundwater resources.

Extrapolation based on a conservativ@(0% reductionamong all the countriedue to a combination of
lower precipitation and lowerunoff with a margin of error of 12.5%.

Source: World Bank (2007a); andhited Nations (2007).

Higher temperatures (betweeh2° and 2.4 Celsiug, lower precipitation (betweer to -12
percent) will increase the spatial and temporal precipitation variability and change runoff patterns
(predicted losses rangetween20 and-30 percentand possibly more by 209D as compared

to 1990-00 by 12 models under A1B scenariglap 3, which will dramatically reduce thediv

of rivers upon whiclthearid group ofMENA countries depersl

As for the transboundary group, the flow of rivers such as the Nile, the Euphrates and the Tigris,
which providetwo thirds of the region annual renewable surfaeg¢erin 2004, will be reduced

by a higher margin due to both, a reduction of supply due to climate change factors and the
demand increase of riparian countries. This will in turn increase rdgiensions especially
among Nile riparian countries should actual or future river basin management systems fail to help
arbitrate water allocation among riparian countries.

With regards to the hypearid countries, some precipitation relief could fortehatrecharge
some of the aquifer in the Arabian Peninsula whereas North African countries will be subject to



lower precipitation, significant lower runoff and increased drought severity, especially in Algeria
and Morocco coastal areas (Map 3).

Map 3 MENARegion Runoff Reduction under Scenario A1B in 2090s as Compared to 1990s
North AfricaDrought Severity under Scenario A22690as Gmpared t®2000
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Note: Both maps have poor resolutiofhe Palmer Drought Severity Indages temperature andirdall
information in a formula to determine drynessertime It uses a 0 as normal, and drought is shown in terms
of minus numberdor example;1 is moderate drought3 is severe drought, and is extreme drought.
Source:IPCC 4 (2007)and Met Office(2006)

More specifically rising temperaturesiecreased precipitatipand changes in runoff patterns are
projected for Egypt, Jordan, Lebanand West Bank and Gaz&electedindingsthat emerge
from national climate modeling exercisestimatenotebly that”

1 In Egypt, hgher temperatures could double or quadruple death rates during heat waves

1 In Lebanon, a 1.2%Celsius increase in temperature is projected to decrease water
availability by 15 percent because of changed runoff patterns andrapoation.

7 In North Africa even modest temperatuirecreases could dramatically change water
availability. For example, a 1Celsiusincreasec oul d r educe water runoff
Ouergha watershed by 10 percent2®20. If the same results hold for otheaitersheds,
the result would be equivalett losing the water contained by one large dam each year.

1 In Syria,renewablavater availability will decline by 50 percent by 202&sed on 1997
levels.

Water 1se

Urbanizationand water demand increas8ince he mid80s, he MENA region is becoming
more urban than rural with projectedurban populatiorstaggeringincrease of 160 percent
between 2000 ang050(Table 4. This will increase landisealterationthroughincreasd urban
encroachment on agriculturldnd especially along coastal ared@sis will in turn drastically
change the water allocation among sectors where the doreestarwill probablyaccount for
more than20 percent of water use in 20%@ainst11.4 percent in 20@ The climate change
inducedrate of sea level rise could howevewersethe prospect of densification along certain
coast as at least6 million peoplel i vi ng in north Africabés <coast al
energy, transport, fisheries, etc.), rural and agricultural landtarsk by 2050 and will probably
need to be resettled and provided new livelihood/opportunities or comperfeatasset losses
this couldheightenthe risks of civil strife andconflict. In the event of aatastrophicollapse of
the Arctic, Antarcticand/or Greenland ice shetibastaland,economies and ecosystems could be
profoundlyalteredand preparednesplansfor flood-prone coastal areahould beformulatedto
mitigate the impacted dwelle(slap 2.

"IPCC 4 (2007).



Economic growtland water demandin oil-induced economic growtis occurring in the MENA
region since 2000 with however uneven distributional effects among countries and areas. The
energy, service (tourisngnd to a lesser extent the industdaktors arall contributing to the
economic growt and to various extenwill boostwater demand in absolute and relative terms
over 2050 especially in countriastablyusingor about to usdesalination plantso augment the
supply of fresh waterThe eonomic growthtrend is however vulnerabl® the integrity of
infrastructure and construction assieiscasethey are not built to withstandn increase in
temperatures aror natural eventdMoreover renewableenergy generated by hydropower plants
will be reducecdespecially in the Maghreb countriesth a costly need to bridge tlemergygap
Most MENA countries are betting on a tourism sector grawttme future, which could increase
freshwater demandnd wastewater treatmesérvices Still, it is difficult to predict theexact
relative (about 20 pecent) and absolutevater share of theMENA region energy, service and
industrial sectorsAsfar as the urban/domestic, industrial and tourism sectors are cedcamng
water demand including climate charigduced demand increaseer the next decadesll be
partly met by redirecting some of tlagricultual water resource allocatien

Agriculture sector, environment and water demalmtreases in irrigation water demaird
conjunction withclimate changénduced effects will not be met in the futures less water
resourceavailability coupled with a growingirbanization and other secimduced water demand
will result in a double whammy for the rural space: water allocatitirdiminish, and yields and
livestock will sufferfrom less water and drinotter conditionsFar from being exhaustivihere
area number of climate change direct and indirect effects that will exacerbate the rural space
coastal areaand ecosystemsrop failure (crops currently grown are near thermal tolerance
threshold) and rangeland contractiodue lower precipitation, higher evapotranspiratiates
frequent droughtsweather extremegforest and wild fires, insect infestation, winds, etc.)
increase flashfloodsand desertificatiorwill affect the rural populations andivestock food
security; the reduction of the hydrological cycle will reduce the regenerative capacity of the
environment and affect water quajigalinisation will increase in irrigation water, estuaries and
fresh water systemsalt intrusion could theaten coastal water tables, which will increasingly
reduce the availability of fresh watespecially for coastal agricultureea, dam and reservoir
will be at risk of eutrophication (algal bloomahd sedimentatigrchange in weather patterns
could leadto snow melting prematurely hence increasing the risk of flodsability of some
marineecosystemand land biodiversityo adapt without dramatichanges in their functions and
resilienceis highly unlikely with species being threatened especially mvileermal tolerance
thresholds are exceedddollectively, these problems wilixtensivelydisrupt rural economies
will threatenthe livelihood of the rural poprdeepengender inequalitiegnd trigger possible
social strife.

Water services

As theregiod s e ¢ q langtuséandspopulation structures change over the nextdiesades,
thedemandand qualityfor water and irrigationesvices will change accordingly. However, water
and irrigation services are stretched to their limit in most MENA courdridghe current service
set upwith its lack of participatory planningmanagement and organizatiogpvernance,
accountability and preservation of the commarils not withstand the escalatingrosssectoral
waterdemandwhichwill be exacerbatetly climate change effects.

In terms of coveragetapid urbanization will prevent utilities in their current set apd
performancdo keep up with the escalating demand for drinking water and wastewater services.
Moreover,the projected rural water scarcity aotuated by climate change could reverse the
water and sanitation coverage gainscertain areass for instancesomesurface and ground
water originally tappedor rural networkswill be drying up Morocco and Yemermre already



facing this problemAs aresult,urban and ruralvater access coulgach gplateauhencefailing
to meet the 2015 Millennium Development Go@DGs), and poor water quality could increase
waterrelated diseaseasver the next decadespecially among the pasrban and rural poor

Given the current irrigation scheme set up in most MENA countries coupled with the predicted
reduction in temperaturgyrecipitation andincreasein evapotraspiration rateand droughts,
agricultural water requirementatios could butdrop drasticallyhencedecreaig both irrigation
efficiencyandagricultual yields, which in turn will threaten food security.

Climate Change Adaptation in the Water Sector in the MENA Region

MENA countries wherefresh water availability isprojected to declinglueto climate change

effects over the next decadéace aserious and vitathallengeas towhether they wuld be able

to keep on providing enough fresh water to sustilagir growing population,social cohesion,
accelerating urbanizatioeyolving economis, changingland-use,and vulnerableenvironment.
Failing to take on this challenge could have
human, social, capital, natural and cultassetsand future generation wdbleing and livelihood

in the MENA region during the Zicentury.

What arethe requisite responséo effectivelyclimateproof the MENA region to therojected
climate changénducedreductionin fresh watemvailability in the futur@ Scoping the problenn
a political economyconiext could certainly help formulate better responseand therefore a
coherenstrategy

1. Do MENA stakeholder&now what isclimate change and howthe MENAregiongoing
to be affected?Are stakeholders committed to tackle the probleAre there any
constaints?

2. Could MENA humansystens mitigate thé share of theprojected effects®hat, how,
how much and where shoutéthe responsgAre there any constraints?

3. Could MENA humansystens be adjustedtake advantage of opportuniti@smoderate
potential damageand cope with consequenc&gRat, how, how much and whesaould
be the responseite there any constraints?

Thesethreetier responsesould simply be labeledbetter knowledge,raising awarenessand

moral commitmenimitigation, andadaptation Thewhat, how, how much and whegeestions
cannot be fully addressed in the context of this note but will be discussed in broader terms.
Obviously, #l these questiongrarrant additional analysfer each countryand contexhowever,

IPCC 4 suggest thaubstatial economicpotential for the mitigation of global GHG emissions
could costeffectively reduceGHG emissionghroughtop-bottomor bottomup approachesrhe

latter seem the most promising with a potentigb &iga tons ofCO, equivalent per yean 2030

that could effectivelyoe reducedshould adequate policies gratin place and barriers removed.
Bottomup approacheseemalso moresustainable over timwith the highest and lowesgjfains
expected from the construction (building isolation) and wastersa@spectively.

BetterKnowledge Raising Awarenesand Moral Commitment Ae a Prelude

Climate change projection models under various scenarios gave in most cases clear trends on the
climatic variables in the MENA region and stdgions. However, sommconsistencies and
uncertainties were reported in the results, which call for a new $etroforized (models used,
baselines, timeframe, etc.) projectidizs the region, sulbegion and countries under IPCC 4
scenarios, which could be updated and calést on demand, to help formulate better responses
based on more robusgsults

di



The climate change projection modaksed tdbe built irto a knowledgeinfrastructureon climate
change effects in conjunction with water resour@ed vulnerabilityareasin MENA countries
The knowledge infrastructure should build on and/or harmonized existing GIS, whiclemél s
as a national decision support system to improwdimate changerisk management. The
comprehensivésIS, whose compatible platform should allow fdata aggregation at the sub
regional and regional levelssould be multiayered to help accommodateotably socic
economic,geographicalmeteorological, hydrological, infstructureand natural disastedata.
For instance:

1 A web of meteorologicaand narine monitoringsystems should be upgraded or installed
throughout the countries to establish ties¥ies and help predict natural eventhis
could also be useful should the courglgnto establish an early warning system.

1 Countryspecific hydrologial cycledatacould also be added to the Gi& help better
assess water supply and demavrdle allowing for a better monitoringnd adjustmenof
the projectednarginal water decreaskieto climate changeA clearer water picture will
help provide decison-makerswith better tools to mak#adeoffs to augmenfresh water
supplythrough a blend oflemandefficiency (irrigation, domestic and industriesyater
reuse desalination, nommenewable aquifesind/or possibly bulk water import

1 Given the lack oempirical observation of lontgrm climate changborne health effects,
relative risk projection of certain criterdisease and conditionshould be projected and
mapped into the GIS with the WHO assistatmehelp decision makers offset possible
cluste of diseases and especially injuries affecting health outcomibe future.

1 The GIS could also accommodate a number of other dateotator for instanceGHG
emissions, agricultur@and fisheryyields, desertification the state of ecosystems and
speciesepidemicsegtc.

Raising stakeholder awarenedsough well orchestrated campaigrschool curriculum and
university syllabushould bea prerequisite to any response in MENA countries as presenting the
scientific projections of climate change effeatsai transparent way could facilitate a regional,
national and local dialogue and debate among stakeholders. This will also help the participation
of various segments of the population including vulnergbteips women and the poor, in the
formulation andmplementation of responses.

The private media and academia in MENA countaes already playing a proactive roleni
analyzing and publicizing theegionaleffects of climate changémong the donors, théWorld
Bank organized in Tunis in November 2007regional meeting targetingegional high-level
officials to present the contours of theaft World Bank MENA Regional Business Strategy to
Address Climate ChangPespitea full understanding of the stakes amtiorsement ahe draft
strategy most MENA countries still have toise to thechallengeby turningtheir commitmerg
into deeds.

A number of constraints could hamper this response sucltheadack of governmental
commitment, capacity and financial resourcBger pressur@and moral suasiorfacademia,
NGOs, CBOs, etc,)building partnershipgacademia,nternationalresearch centers, etanhd

seekingGulf countriesdonosandf oundati onsd6 assistance and expe
these constraints.

Mitigation

Economic growth, energyransport and industrializatiosre only considered in this context in
terms of contributing to global warming and therefore having a marginste changeffect on
water resources in the MENA region.



The MENA region GHG emissions are relatively smaith 1.5 billion tons of C@ (ranges
betweer3.8 and 5.0percent of global emission in 20@4cording to various sourgesut MENA
economies are becoming more carfaensive with GHG emissions growing at a staggering rate
of 88 percent over the 1992 period, more than 3 times faster than the world's average.
Moreover, MENA countries arthe third leasenergyvalue addeefficient group worldwide with
aboutl.3 kg CQ-equivalentemittedper PPP$ GDBeneratedn 2004 (in 2000 prices).

Three quartersf the GHG emissions are due to energy combustion mainly in terms of electricity
and heat, and are concentrated in oil producing countries (Algeria, Arabian Peninsula, Egypt, Iran
and Libya). Most MENA countries are hence increasingly contributing to Igkebaming
although all MENA countries have no obligation under the 1997 Kyoto protocol beyond
monitoring and reporting emissions.

MENA countries have however opportunitieset@luate tradeffs toimprove energy efficiency,
reduce emissions anddreasaurban environmental healttutcomesby promoting energy sector
reforms (power utility), reducing energy subsidigsprovng urban mobilityand switching to
natural gas andbundant renewable energy (solar and possibly wind energy). Moreover, they can
increasingly tap into the carbon funding mechanism to curb the camtmsive trendpower
plants,industries, wastewater treatment plants, landfittenconstruction reforestation where
possible gtc.)as the forthcoming 2012 protocol could set mori@ént emission reductions that
could affect most MENAountries especially thal-producingones

A number of constraints could hamper this response among the most salient ones are: resistance

to sector reform from within public institutions; vestedenast; and financial resources.
Governmental commitment and stakeholder inclusion, disclosure and tapping donor funding
could help overcome these constrainBome of theBetter Knowledgé constr ai nt s
apply--see above.

Adaptation

Given theimbalancedstate of water resources an increasingly urbanizinlENA region
calibrating water demand with available supjgythe most important step to reduce the climate
change effectbut warrants sectewide polioy and institutional reforms. The effiscof climate
change can bute-affirm the urgencyof implementing these new policies and reforwighout
delay ago make water resource management more environmentally, speiadigomicallyand
financially sustainabl®. These reforms present opportigst andvery costeffective ways to
mitigating, containing and/or delaying some of the climate change effects in the future.

Improving watedemandmanagemenrdand servicesoupled with associateshvironmentahealth
gainswill require sectorwide water eforms in most MENA countries tovercone the current
state ofscarcities of governance, i.e., accountability and organizational capacttyphysical
resourcegFigure?).*

More specifically, judicious governance reforms will allow for more accountaliiliterms of:
efficient water allocatiorto the highest value udggradeoffs valuation); transparent decision
making that should be shielded from political/interest pressures with water allocations being

8 purchasing power parity (PPP) conversion factor or international dollar is used for the GDP/capita, which
is the number ofunits@a countryo6s currency required to buy t
domestic market as a U.S. dollar would buy in the United States.

° World Bank (2007b).

©World Bank (2007a).
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responsive to demand and supply variability; amircing rules and regulations to ensure equity,
guality service provision, environmental health outcomespaaskrvation of the commons.

Also, institutional reforms should improve the organizational capacity in terms of: integrated
planning that willhelp secure sustainable public and private water and wastewater investments;
effective regulation of providers; demand management that secures reliable services; and water
supply management through regional and national river basin management that wpuld he
arbitrate water allocation among countries and sectors especially through drought events.

Figure 7: Suggested Solutions to Overcome the Three Current Scarcities in the MENA Region

Note: water allocation to the highesialue use should be consideredthin a strategic allocative
framework across the agriculture, urban/domestic and energy/industrial sectors
Source:World Bank (2007a)

More specifically,carefully plannedyovernance reforms will allow for more accountability in
terms of: efficient vater allocationto the highest value use (trad#s valuation)within a
strategic allocative framework across the agriculture, urban/domestic and energy/industrial
sectors. transparent decisiemaking that should be shielded from political/interest pness

with water allocations being responsive to demand and supply variabilitynéordieg rules and
regulations to ensure equity, quality service provision, environmental health outcomes and
preservation of the commons.

Box3: Addressing Driver Distdions Could Help

Population. Except few countries like Algeria (1983), Egypt (1969), Iran (1988), Jordan (1963), Le
(1970s) and Syria (1974), who embraced family planning, most MENA countries consider tha
socioeconomic development is capablecofating the necessary environment for fertility to decl
Therefore, ay measures to curb the MENA population gro@tB percent during the decad®sjer the nex{
decadeither througrenhancingamily planningeffortsin the abovementioned countriesr throughthe
creation of favorableenabling socieeconomic environmestwill reduce water resourcepressureand
carbon emissions in the future.

Poverty. Accelerating the realization afimateproof MDGs and prepoor policiesand enhancing disasts
preparedness will reduce the poor vulnerability to droughts, walated and vectoborne diseases
malnutrition,natural shocks and migration.

Urbanization. Better landuse planningand implementatios needed taeduce encroachment on frag




