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Executive Summary

The need for climate change adaptation

The MENA regioralready has one of the lowest water availabilities per capita worlavide,
and at the same time its water sectors is projected to become most severely affected by
climate change from lower precipitationz further reducing water availability z from higher
temperaturesz increasing agricultural water demandz and from increasing variability Z
compromising reliability of water systems.

So far, other pressures on water resources, in particular population and economic
development have been stronger than thosadm climate change. Accordingly, there is a
widespread perception of climate change to materialize only in the distant future in
combination with climate scenarios perceived as still being very uncertain, which is
unfounded in view of already high climateisks today and the large agreement among
climate models about the decrease of precipitation in the MENA region (on top of general
warming). This misconception has contributed to an ignorance of national water planning
in terms of climate change and a lac&f mainstreaming climate adaptation into water
management. Even in cases where climate adaptation has been addressed in water
strategies or plans, implementation of measures and enforcement of regulatioisoften
lacking. So awarenessaising about climae change and its impact (e.g. with the help of new
regional climate scenarios being made available by URSCWA) and about wirwin
opportunities through technical, economic and institutional adaptation, many of which at
the same time are IWRM objectivessiimportant.

The three pilot countries, Lebanon, Jordan and Egypt can benefit from and at the same time
contribute to the implementation of the ArabStrategyfor Water Securitythrough sharing of
(water-related) adaptation and (energyrelated) mitigation experience, and through a joint
approach on tapping financial support e.g. from new climate adaptation funds.

An integrated approach to adaptation

It has been frequently acknowledged, that climate adaptation and mitigation need to be

integrated, and the MENA region mvides ample opportunities towards that end. While the

water sector plays a key role in climate adaptation, mitigation focuses on the energy sector.

Recent studiesonthe s Al 1 AAADAAOCBOT AgdOo6 AT 1 £AZEOI OEA bi OAI
derived from mainstreaming climate adaptation in the water sector, while simultaneously
addressing opportunities for cemanagement with energy (and also land use). Such an
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climate-related shocks.
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Climate adaptation mainstreaming and any nexus approach need to be implemented
OEOI 6CE A1 1 AOA O hn-doiRdotplnnedmdtidtiesOghatdues & olices.
There are several windows of opportunity given that a number of water and climate plans
and strategies are to be revised in the near future. The three pilot countries have developed
climate adaptation (and mitigation) strategies in the fom of National Communications to

the UNFCCC. These communications remain rather vague on concrete measures, while
water strategies and plans on the other hand are more concrete, but not sufficiently



water and climate lack of implementation and enforcement. Some of them have not even
been translated into action or investment plans, due to a lack of funding, capacity or
political will.

The current attention to the nexis concept provides opportunities for much needed
implementation of climate adaptation, integrated with climate mitigation. If existing

sectoral plans, such as national water master plans are coordinated with other sectors such
as energy, land, agricultureand environment, synergies and cdenefits can be derived and
negative externalities and maladaptation avoided. Integrated solutions exist e.g. in the form
of low energy water distribution systems, energy recovery from wastewater treatment, and
multi -use systems. Institutional support for integrated adaptation could come e.g. from

inter -ministerial committees and water user associations.

Lebanonhas more flexibility in climate adaptation compared to most other MENA countries,

due to its relatively high water availability, low population growth rate, and diversified

economy. It should strive to preactively secure this advantage and maintain its resilience to

climate and other pressures. Besides the large untapped potential for water demand

management and watewater reuse, water storage plays a special role given the quick

runoff of water to the sea and the projected loss of snow water storage. Avoiding sea water

intrusion in coastal aquifers and watersmart land planning are other urgent adaptation

measurest T , AAAT 118 7EAT Aobi i1 EOEI ¢ OEA Al 01 60U860O E
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has a Ministry of Energy and Water provides an excellent opportunity for this integradi.

Jordanis one of the most water scarce countries, so that only a small fraction of its food

requirements can be met from local production. Given its very high population growth rate

and the impacts of climate change, enormous additional pressures orlQJA AT § 0 x AOAO OUOO

are projected. While Jordan is exploiting any possible water supply and demand side

measures, there is a bias towards large scale, centralized and eneigiensive supply-side

solutions (and similarly water-intensive solutions in the erergy sector), such as long

distance transfer of fossil groundwater and a planned conduit from the Red to the Dead Sea.

Small scale, decentralized and demand side measures, including decentralized wastewater

treatment, loss reduction, rainwater harvestingaquifer storage and the use of renewable

energy in water supply receive relatively less attention. Virtual water imports will have to

AA ET OACOAl DPAOO T &# AT U Z£O0OOOCA AT EIi AGA AAADPOAOCEI

predicament into an advantage, theountry could become a role model in climate

adaptation, not only in terms of its advanced technologies, but also its adaptation planning

(through country-wide standardized WEAP planning), the development of an integrated

water and climate database and thantegration of climate issues in the national water

strategy.

Eqyptd O xAOAO 1T OECET AOAOG 1 OOOEAA T &£ OEA -%. ! OACEI

vulnerable to climate impacts from reduced precipitation than most other countries in the

region. Instead climde vulnerabilities are related primarily to increasing water demand

with higher temperatures and seawater intrusion into coastal aquifers (and potentially loss

of agricultural land) due to sea level rise. Even more than in the other pilot countries,

climate adaptation in Egypt requires economic diversification beyond agriculture, given

that agriculture still uses 80% of all water and employs about 30% of the total workforce. At

the same time, there is still significant potential for improving agricultural vater

DOl AOAOEOEOU E1 ACOEAOI OOOA AT A EAT AA OAAOBAET C >

position and in particular the situation in the Nile delta requires water quality

Ei DPOT OAI AT OO A0 A T AAT O O OAAOOA xAkAO AOAEI AATF
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downstream riparian in the Nile basin, adaptation hinges on tran®oundary collaboration.

" EOAT %wCcuUbOGO OAPEAI U CcOixET ¢ AAI ATA AT A OEA bDOI
upstream, there is an urgent need for increasing the overall basin water pradtivity and

benefits derived through collaboration, e.g. when locating additional agricultural areas,

hydropower production and water storage. Fossil groundwater may provide some relief

from water scarcity in the short term, until the transition to a lessvater-intensive economy

EO AAEEAOAAR AOO EO OEI O1 AT860O AA OEAxAA AO A 00¢
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1 Climate Adaptation in the MENA Region

Adaptation in the reg ional context

Our stakeholder generallyagreedOEAO OEA OACET 1380 x A&idld OUOOAIT O A
interacting pressures in addition to climate change, in particular rapid population growth,

urbanization, and economic development (resulting also in gregouse gas emissions

growing faster than global average) and environmental degradation. The resulting

increased demand in particular for irrigation and municipal use exerts additional pressures

on water resources. Consequently water demands have outstripgesupply and almost all

MENA countries have become too water scarce to produce all required food locally (only

Sudan and Syria have under the given crop mix and crop water productivity enough water

to be food selfsufficient, Gerten et al 2011) and hencare vulnerable to price shocks on

world markets. The Nile and Jordan are international rivers which illustrate this by having

AAAT T A OA1T T OAA AAOET 06h xEOE 11 OAI AETETC OTAIITI
change, which is projected to become a rija additional pressure in the MENA region,

needs to be embedded in the context of adaptation to other pressures which are generally

considered to be more important in the short to medium term (e.g. Farajalla et al 2011).

Additionally, many of the MENA countries may share borders or resources with nopArabic

countries, or countries in the midst of conflict. This adds an additional challenge in terms of

adaptation and managing shared water resources in a contentious environment.

Additional climate change pressures (real or perceived) can servas an opportunity to
promote much needed technological, socieconomic and institutional innovation and
adaptation in the water sector. The attention to climate change can raise awareness for
measures, reforms and behdwural changes that have long been overdue and that are win
win options for countries, with or without climate change. National climate adaptation
strategies, for example, can promote horizontal and vertical integrationacross disciplines,
sectors, minigries and hierarchical levels and scales, which are urgently required in the
water and other sectors (OECD 2011).

However, climate change is perceived by many stakeholders in the MENA regicas a

distant threat , and currently much less important than othepressures. It is worthwhile to
point out that several waterrelated decisions made today have a lifetime that reaches well
into the second half of this century (e.g. dams, transfers, urban and spatial planning, or new
energy systems). At the same time, #re is plenty of evidence to suggest that climate
variability is going to pose growing threats to water systems in the MENA region in the near
term, suggesting more intense, longer and more frequent droughts and increasing
uncertainty in rainfall and water availability. In fact, various stakeholders expressed their
personal impression that they have already been faced with increasing variability for some
time.

Current responses to climate and other pressures and acute crises (e.g. droughts) are often
limited to emergency and coping measures that are only short-term and reactive. These
responses may in fact compromise future opportunities for adaptation, leading to what is
commonly referred to asmaladaptation. Mainstreaming climate change however is about
pro-active, longer term and integrated planning and if necessary- transformative
development that address root causes ofulnerability , and strengthens human security

and sustainability. Rural poor communities, unskilledlabour, as well asgnternally di splaced
people,are generally most exposed and most vulnerable to climate risks, e.g. due to their
dependence on natural resources and lack of resources to respond to change (World Bank



2011). These vulnerabilities are aggravated in most MENA countries bgw investments in
social safety nets and limited public services such as water supply. Hence adaptation needs
to be mainstreamed in conjunction with poverty alleviation, development and

environmental planning efforts.

Adaptation objectives

The goal of aaptation to climate change and other pressures is touild resilience (this is
also an expected impact of the ACCWaM project), i.e. to strengthen livelihood and other
systems so they maintain their functions under stress (e.g. droughts) and change, thrbug
adaptation or z if necessary- transformation (Folke et al 2002, Walker at al. 2004). A
resilience approach tries to balance between short term optimization and long term
sustainability. Characteristics of a resilient system include e.g.: a high levéldiversity and

of connectivity (e.g. between institutions at different scales and the propagation of
information and learning up and down across these scales) and the level of redundancy
within a system (Mitchell et al 2012). An important aspect of resiéince is that of critical
thresholds, beyond which current practices no longer work. Such critical thresholds may be
reached through rapid or gradual change e.g. loss of groundwater recharge or loss of rainfed
agriculture when rainfall decreases below a cdain threshold; and once surpassed, systems
fail. A recent example of this is the drought in the northeast of Syria a few years back, which
pushed local systems beyond their threshold: first surface water resources dried up, a
situation to which farmers have been used to and are able to adapt to, e.g. by tapping
shallow aquifers. However when the drought continued and groundwater levels dropped,
traditional coping mechanisms failed, and eventually hundreds of thousands of farmers had
to abandon their villages and migrate to cities andheighbouring countries. The over

allocation and declining flow of the Jordan River is another important example of a critical
biophysical threshold, theon-goingAACOAAAOET T 1T £# OEA OEOAO0G60
Dead Sea ands adjacent areas is an important indicator of the resulting ecological regime
shift.

A resilient water system can withstand combined climate and other pressures and the
uncertainties associated with them. Robust adaptation measures can also deal with
uncertainty and hold under a range of future conditions. A resilience approach and the
identification of critical thresholds can help to find entry points for adaptation, e.qg.
diversification (a key strategy to increase resilience) of water supplies, croppingnd
farming systems, income opportunities (less dependent on water and other natural
resources), but also water demand managemegtcompare also with the Arab Climate
Resilience Initiativet

Adaptive management refers to a management regime that is suffiently flexible to
account for new knowledge, e.g. improved climate and climate impact scenarios, when
becoming available. A transition to adaptive management can also build resilience or
robustness to uncertainty of water systemg see figure 1.

! http://arabclimateinitiative.org/
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Figure 1
Transition from sectoral, centralized to integrated, diversified and adaptive water
management and governance, Plan Bleu (2011) after Pahl Wostl (2005)

Ecosystem-based adaptation (EBA) has been proposed for strengthening resilience and
maintaining flexibility under future conditions, for which conventional hard infrastructure
approaches may not be sufficient (Jones et al 2012). Such ecosysteased approaches
harness the natural capacity of ecosystems to buffer against climate change impacts; for
example aquatic ecosystems and wetlands purify water and buffer flood pulses.
Agroforestry systems stabilize land, sequester additional carbon and mitigate heat
extremes. The Jordan Desert Ecosystems and Livelihoods Project in the Badia region
provides an exampé which aims at sustaining natural resources and ecosystem services
and livelihoods through rangeland rehabilitation, water harvesting and storage, ecotourism
and other income diversification (World Bank 2011). This project which can also reduce
vulnerability to climate change is jointly implemented by the ministries of environment and
water.

A complementary approach to ecosysterbased adaptation is communitybased adaptation
(CBA), which emphasizes the need to break down national adaptation strategiestak way

to the community level context and align them withon-going sustainable and economic
development and also poverty reduction objectives and strategies for reducing climate risks
(Schipper 2007; Ayers and Huq 2008; Heltberg et al. 2010).



Available guidance documents emphasizing mainstreaming

Mainstreaming suggests a more effective use of available resources, rather than designing,
implementing and managing climate change adaptation separately froon-going
management (Klein et al. 2007). In thinkingabout the best approach for mainstreaming
climate change adaptation into the water sector in the MENA region, we have looked at
several available guidance documents that have emerged from practical experiences. For
example, theMainstreaming Disaster RisReduction: A tool for development organizations

(Tearfund, 2005),- AET OOOAAIT ET C #1 EIl AOA #EAT CA ' AAPOAOGEIT 1 (¢

(CARE International in Vietham, 2009) and th&creening Tools and Guidelines to Support the
Mainstreaming of Climate Chang&daptation into Development AssistangeA Stocktaking
Report, prepared for UNDP by Olhoff and Schaer (2009) provide valuable guidance also for
the MENA contextThey cover all the steps from assessing vulnerability through identifying
adaptive capacitydesigning and implementing adaptation measures to monitoring the
success and effectiveness of implementation. They reflect a more comprehensive approach
to adaptation planning, including the complexity of vulnerability and its reduction (see also
on-going vulnerability assessment of the MENA water sector by Adelphi), and provide a
better understanding of what is necessary for adaptation planning. These documents
embrace the concept of mainstreaming adaptation, which essentially means integrating
awareness ofclimate change into all stages in policyand decisionmaking, especially in key
sectors that are most sensitive to climate change.

Financing adaptation

In all three pilot countries (Lebanon, Jordan and Egypt) a lack fifnding was identified as a
key canstraint to implement proposed climate change adaptation measures and strategies.
%CUDOGO . AOETT Al #7111 O1TEAAQGETT O AOGAT 1EOOO
priority. Below we offer an overview of adaptation in the MENA region within the conte of
potential funding sources at the global level. We suggest that a regional adaptation initiative
could prepare MENA countries so they are ready to apply for adaptatidanding; by the

time funding opportunities becomes available. Global negotiationsnoclimate change have
produced new mechanisms for adaptation funding. This includes various channels through
which countries can access finance. The majority of climate funding in the MENA region has
been for mitigation projects, mostly large scale renewdb projects such as solar thermal
energy. Mitigation funding has gone mostly to a small number of countries, including
Morocco and Egypt.

OAOOC



Chart: Adaptation funding going through Chart: Dishursed funding for climate
dedicated multilateral climate funds projects by theme for the MENA region

Adaptation Mitigation
-general

GEF H LDCF = MDG B Adaptation
W ICI M SCCF mSPA Mitigation-general
Figure 2
Summary of climate finance spending in theEMA region as of November 20Xigm
Nakhooda et al (2011). EF is the Global Environment Facility, LDCF is the Least Developed
Country Fund, MDG is the Millennium Development Goals Achieving Fund (presumably via the
Environment and Climate Change thematic window), ICI is @erman International Climate
Initiative, SCCF ighe Special Climate Change undiSkhe Strategic Priority on Adaptatioz a
GEF fund that is now closed.

The Special Climate Change Fundhas approved projects inEgypt on adaptation in the

Nile Delta through Integrated Coastal Zone ManagemefiCZM),Morocco on integrating
climate change in development and disaster prevention to increase the resilience of
agriculture and water sectors andJordan on a pilot irrigation project to face climate change
impacts2 There was also a project in Yemen futed by the nowclosedStrategic Priority

on Adaptation , administered by the GEF, on adaptation using aghoodiversity resources

in the rain fed highlands. None of the countries in the Pilot Program for Climate Resilience
are from the MENA region.

Afghanistan and Yemen (and depending on the definition, Sudan, Somalia and Djibouti) are

the only countries in the region eligible forlLDCFfunding, as they are the only countries

AAEET AA AO O1I AAOGO AAOGAT T PAA A1 O1 OOEAGSE OT AAO OE/
development and implementation of National Adaptation Programs of Action. Both

Afghanistan and Yemen have produced National Adaptation Plans of Action (NAPAS) (both

in 2009) and each have received support from the LDCF. Of the 12 high priority projects

listedET 9 Al ATl3aw0 explicity addresses water impacts (use of grey and treated

waste waterz $3.2m, and rainwater harvesting $2.81nv), whilst several of the other

projects would build capacity relevant to mainstreaming water adaptation. Sudan also

produced a NAPA in 2007 and Djibouti in 2006.

2 Seehttp://www.climatefundsupdate.org/listing/speetfimate changefund

3 Seehttp://www.adaptationlearning.net/sites/default/files/yem01. pdf

*See
http://unfccc.int/files/cooperation_support/least_developed_countries_portal/napa_project_database/applica
tion/pdf/napa_index_by_country.pdf
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Figure 3

Distribution of LDCF funding by country, source: Climate Funds Update. Ngtmenand
Afghanistan are the only MENA recipient countries. The vast majority of the funtismygone
to subSaharan Afri@ and the Asia and Pacific region.

The Adaptation Fund , according to Climate Funds Updaidas of March 2012), has
approved two projects in the MENA region, neither of which dealt directly with water, but
both of which could have had some nexus componenbr represent the mainstreaming of
adaptation relevant to water: one in Egypt on climate resilient food security and one in
Lebanon on climate smart agriculture.

Climate Smart Agriculture: Enhancing Adaptive Capacity of the Rural Communities in

Lebanon (AgriCAL) has IFAD as implementing agency and is in the process of requesting

AET AT AET ¢ &£01i1 ' AAPDOAOGET1T &OT A8 4EA CI Al EO OOl
AAPAAEOU O1T Al EIi AOA AEAT cCA ET ,AAATT 16 AU EI DI AI
agricOl OOOA OAAOI O ET OEOAA EECEI U OOIT AOAAI Ao AOA,
Lebanon to focus only on adaptation to climate change in the agriculture sector

The Green Climate Fund was established at COP16 of the UNFCCC in Cancun to assist

developing countries in achieving the objectives of the UNFCCC, but is not yet operational.

Discussions about its structure and the membership of its board dominated subsequent

conferences in Durban in 2011 (COP17) and Bonn in 2012. The GCF Board met foffithe

time in August 2012. Once operational, the GCF will offer an additiorgperhaps the mainz

source of adaptation finance for MENA countries.

These global funds are supplemented by bilateral climate change funding directly from
donor countries, aswell as potential investments in adaptation from regional/ Arab
investment funds. Given the explicit goal of the AraBtrategyfor Water Security (LAS 2012)

5 Seehttp://www.climatefundsupdate.org/listing/adaptatfand

® http://adaptation
fund.org/sites/default/files/AFB.PPRC_.9.16.Rev_.1%20Proposal%20for%20Lebanon_0.pdf

6
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to reduce inequality among Arab countries, we suggest that the ACCWaM project could
make recommendations to regonal Arab investments funds, e.g. the OPEC Fund for
International Development (OFID), how to invest in the region into integrated (wirwin)
climate adaptation and mitigation strategies to support economic development in the
poorer countries. With that, these funds could support sustainable development in the
region.

Measures that mainstream climate change adaptation into water management would be
eligible for funding from several of the funds mentioned above.

Adaptation finance is of course not limited @ the water sector. Eligible projects will include
those that address climate impacts in other sectors, ideally in ways that increase the
resilience (or reduce the risks) to water resources, for example by improving irrigation
efficiency or agricultural practices. Similarly, much of the funding through these funds as
well as other finance mechanisms such as tH@ean Development Mechanism , could be
used to invest in greenhouse gas mitigation techniques or measures that could also
positively affect the manag@ment of water resources in a future climate (e.g. in solar power
systems that could be used for desalination). So we emphasize once more the opportunities
for a nexus approach to adaptation and mitigation.

In general, very few small scale projectg and few adaptation projects of any sizg have
received international funding in the MENA region. This may be partly due to a lack of
awareness and capacity for making the necessary applications, which can be burdensome
on applicants and require good knowledg®f (and in some cases relationships with) the
relevant implementing agencies and funding institutions. It is also unclear how recent
political instability has affected implementation of approved projects, and also which effects
the Arab Spring in general s hadz and will have in future z on climate relevant and other
environmental decisions, including the mainstreaming of adaptation in water strategies.

Altogether, despite their high vulnerability and pressing needs, as described in this

document, MENA ountries have so far been slow to take up opportunities to access climate

finance. This may be linked somewhat to the position of many regional countries and in

particular the OPEC group in the global climate change negotiations, where some MENA

countries have resisted climate mitigation (or demanded high levels of compensation in the

event of a global deal) out of a fear of the negative impact this may have on their fossil fuel

income’. Here is another entry point for a regional project, in identifying opprtunities,

synergies and economic gains from holistic climate adaptation and mitigation approaches.
"AAAOOA AAAAOO O Al EI AOGA &£O01 AET ¢ EO AAOAOI ET AA
the strength of its application (not its position on global mitigtion targets) opportunities

for finance should be pursued with more vigor. Bilateral and multilateral lenders and

development partners can play an important role in assisting MENA countries to apply for

climate finance to be used in mainstreaming adaptaiin. This is especially the case, for

example with the countries that are eligible for funding under the LDCF, where recipients

AAT 111U APPI U &£ O £EIT AT AA £l Oinprachce ®AAAEOQET 1T Al

" The pattern varies between MENA countries, with some high emitting andmghsitrich countries in
strong opposition, whilst others (e.g. Morocco &H&E) position themselves as potential leaders in clean
technology.

8 for further information see
www.thegef.org/gef/sites/thefjerg/files/documents/Clarification%200n%20Additional%20Cost%208%20

May.pdf
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requires applicants to seek match funthg (e.g. from bilateral or alternative multilateral
01 OOAAGQ O1 OObpbPi Ai AT O OEA OAAAEOQOEIT Al &
AAADOAOGEIT ET DPAOOEAOI AdOh EO EO 1T £O0AT A
that is required for climate change (as opposed to businesas-usual), but this does not
present an insurmountable barrier to accessing the available finance, particularly where

bilateral donors can provide support.
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So besides using current development funding for mainsteening climate change
adaptation into water (and related) sector projectsz and using norwater related funding in
ways that support improved water management (e.g. agricultural development and land
management), GIZ and other donors should prepare the MENégion for these new
opportunities, including new programs by the donors themselves on climate change
adaptation. These new programs need to be aligned from the beginning with existing
development activities, in order to emphasize that climate change is ermore pressure
among several others, all of which need to be addressed in concert. That may involve
awareness raising and information sharing about existing and planned climate adaptation
AT A TEOECAOQGEIT &01 A0 AT A O1 Oulsivdter Aaga@dnied Al OI
investments and interventions as climate adaptation and/or mitigation measures. For that
it is worth emphasizing once more that many of the proposed climate change adaptation
measures are also sound IWRM measures even without climateacige.

O
O‘

Scientific underpinning for mainstreaming climate a  daptation

While stakeholders emphasized the need for action, they also pointed out the lack of
reliable and timely data and information as a basis for adaptatiofResearch and data
consolidation need to be enhanced for understanding and addressing the impacts of climate
change. Technological capacity needs to be built, including also seeiconomic,

institutional and political knowledge for underpinning technical solutions. The situation of
hydro-meteorological and climate impact data is insufficient and often further

deteriorating. There are few coordinated and long term monitoring networks or central

data and information systems that could serve as a blueprint for the region to put scenarios
assesment and adaptation planning on a solid basis. Noteworthy, the region has seen a
large training and capacity building effort building on one of the official UNFCCC data
consolidation and water planning tools, WEAR e.g. through GIZ, BGR, SEI, World Bankl a
the GLOWA Jordan River projettfor individual basins and countries, as well as for a region
wide assessment of climate impacts in the water sector and adaptation optisnith WEAP
by Immerzeel et al(2011) z see figures 4a) and b) below

® www.weap21.org

1 www.glowajordanriver.org
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Figure 4a and b

WEARbased assessment of regional trends in water availabilities, demandsgaps for a
medium climate scenario and adaptation options potential antarginal costs accaling to
Immerzeel et al (2011)

Various stakeholders have expressed their interesn applying the new coupled system of
the WEAP water planning tool together with the LEAP energy planning tdéffor a
consistent and fully quantitative framework to integrate climate adaptation and mitigation.

By linking up with the new UNESCWA / SMHinitiative on ensemble regional climate

scenarios for the Arab regio#? within the CORDEX framework, the ACCWaM project

engages in a very important regional activity that provides an essential base for climate

adaptation, and which deserves wider dissemirigon in national institutions. We found a

OAl Ei AOA OAAT AOET AZEAOECOAS xEEAE EO 110 EOOOE£E
this initiative will deliver for climate change adaptation. Specifically, this initiative provides

1 www.worldwaterweek.org/documents/WWW _PDF/2012/Thur/Launclimgw-analytical/ WEAR
LEAP.pdf

12 \www.escwa.un.org/RICCAR
13 http://wcrpipsl.jussieu.fr/'SF_RCD_CORDEX.html
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targeted climate impact information for water managers and planners, for application in
their respective contexts.

Uncertainty , which is a permanent feature of all climate change information, is seen by

stakeholders and makers in the region as a major barrier to planning anchplementing

adaptation. However, uncertainty can be incorporated into water strategies; in many cases

climate uncertainties are no reason to delay actior this is particularly true in the MENA

region, where (unfortunately) the uncertainties about the diection of precipitation change

(on top of temperature increase) are lower than in most other regions of the world

judging by the unanimous decline in precipitation projected by almost all global climate

models. Based on our discussions, it will be impaaht to better communicate the

appropriate techniques for dealing with uncertainty to water managers and other decision

makers. This is needed to ensure both, that climate change is not ignored because it is seen

as too vague, but also that uncertainty isk £1 AAOAA OAT OEAI U ET O AET OO0A
activities and measures. For examplelimate risk assessments can be applied in the

water sector, to inform the design and redesign of water strategies. Risk management

presents one methodology that explicily incorporates uncertainty into decision making.

Climate risk assessment can also be carried out in ways that explicitly acknowledge the

variability of evidence and data upon which assessments are based. For example the

i AOGET AT 11T cU OOA Aal @iméte ChEnde Risk AssessmeniGEJRA) (generally

OET OCEO O1 AA A 1 AAAET ¢ AgAipi Aq ET Al OAAO A ODBAI
underpinning each risk. While the climate change situation is quite different, these

approaches are also applidale to national water strategies in the MENA region
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Figure 5

Excerpt of UK CCRA methodolégy

Other methods for dealing with uncertainty include scenario planning, adaptive
management and robust adaptation or resilience strategies (see abov&)odelling tools
such as WEAP have been designed to explore multigeenarios, reflecting also the wider
uncertainties about socieeconomic trends, such as increased urbanization as well as

“From 6 Method for un dieetailediMietnod fortStage 3:A\SEBsARIFRarr t | |
http://randd.defra.gov.uk/Document.aspx?Doent=GA0204 9587 TRP.pdf
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technological development. Adaptive management , as mentioned earlier, isn iterative
management approach that recognizes the importance of learning and incorporating new
information over time, aiming for flexibility, as a response to incomplete knowledge and
uncertainty.

The ACCWaM project can greatly serve water ministriesd related authorities and
stakeholders, by providing training and tools on these principles and approaches of
mainstreaming adaptation in national strategies. See also the Guidelines in Section 3.

A different way of approaching the problem of uncertaing is to concentrate on winwin

i DPT 0001 EGBAOOADA DDPDEITO8 10O OOAOAA OAPAA
i ATU ATTTITTAITEOEAO xEOE OCITA )Y72-88 3A0AO

strategies to future climate also help to improve \@ter management today. Some measures
will have positive impacts beyond the water sector, particularly to energy and agriculture,
but also for example to biodiversity, economic development, quality of life, etc. Detailed
information on future climate impacts is not needed to pursue such whiwin opportunities.
The figure below provides examples of routine IWRM measures that may also increase
system resilience to climate change

Weather early
warning

Education
programmes to
water saving in

agriculture

Building new dams

"No regret” “"Low regret” “High regret”

No sensitivity to High sensitivity to
uncertainty uncertainty

Figure 6
No regret, low regret and high regret measures for climate adaptatiflan Bleu 2011)

A key point here is that adaptation is first about making systems more resilient twurrent
climate variability. It should do so in ways that also prepare water systems for future
changes in climate and society and that avoid locking ttsystem in to practices or technical
solutions today that will increase vulnerability under future conditions.
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2  National Planning for Climate Change Astation in the
Water Sector, Potentials and Constraints

2.1 Lebanon

Lebanon is one of the leaswater (and land) scarce countries in the MENA region, with
about 50% of its precipitation becoming (blués) renewable water resource, resulting in a
water availability of more than 900 n® per capita and year (MoEW 2012} compared to

only about 10% and 200m3in Jordan. Accordingly Lebanon is currently more challenged by
resource management problems than by absolute water scarcity. 67% of its area is

ACOEAOI OOOAT 1 AT A jAT I PAOAA O ¢gpPbP T A& *1T OAATBEO

Indicators).

Lebanon has lhe lowest population growth rate of all MENA countries (0.7% per year,
compared to 1.8% in Egypt and 2.4% in Jordan, World Bank 2011) so that its water gap is
widening relatively more by climate change driven reductions in water availability than by
population driven increases in water demand. Also with a pecapita GDP of 9,200 US$
Lebanon is leading the (norgulf) MENA countries (World Bank Indicators), which provides
more flexibility for investing in adaptation compared to Jordan (4,600 US$) or Egypt )0
USS$).

Agriculture contributes only about 5% to GDP and 2% to employment (2 National

Communications). With its low dependence on wateET OAT OEOA ACOEAOI OOOAR
diversified economy achieves a higher economic water productivity (more valugenerated

per m3 of water used) than other MENA countrieg see figure below.

regional average

Lebanon
Algeria
Tumesia

Mena average
Saudi Arabia
UAE B mS/km3

Morocco
Egypt
Jordan

Yemen

0 00 1000 1500 2000 2500

blue water is the water in rivers, wadis, lakes, reservoirs and groundwaeee distinguished from
green water, thplant availablesoil water directlyfrom rainfall
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Figure 7
Economic water productivities of different MENA countries in m$ per3ahwater (World
Bank 2011)

Given the diversity of climates (following topography), vegetatiorzones (Lebanon still has
8% forest cover) and agreecological conditions, Lebanon also has a more varied
agriculture, and consequently has more adaptation options and with that is probably more
resilient to (e.g. climate) shocks. It also has relatively Yo inter -annual rainfall variability
(27%) compared to Jordan (36%) and Egypt (56% World Bank 2011z and hence more
reliable natural water supply.

2.1.1. Technical options for climate adaptation in Lebanon

Water demand management is the most important climate adaptationoption; there is
significant potential for saving water and increasing water productivity in the agricultural
and other sectors. In agriculture, which is responsible for 60% of total water demand,
options for demand management include g. modern irrigation techniques (less flood and
sprinkler irrigation), crop and irrigation scheduling, crop choice, reallocation of irrigation
water to more productive agro-ecological zones etc. Jordan and to some extent also Egypt
provide examples for low to improve agricultural water productivity. However agricultural
water management as an adaptation option needs to be tailored to the specific conditions of
the different regions in Lebanon, e.g. large mechanized and irrigated farming in Bekaa
Valley (se figure 8), strong urban pressures along the coast and Mt. Lebanon, and more
diversified agriculture and economic activities in the south (with agriculture often only
serving as secondary income opportunity), also reflecting very different levels of land
degradation in each region.

\ )
| b WP N N

74647
] / 1986 1
\ 528 pas d'info

Superficie
irriguée (ha)

Source : RGA 1999

Figure 8
Irrigation concentrated in Bekaa Valley (from FAO 2011)
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Another form of demand management is the reduction of very high unaccountddr-water
losses in urban systems, e.g. up to 60% in Beirut. This is particulartgportant, given the
high level of urbanization in Lebanon and the rapidly growing urban water demand. While
it is often argued, that such losses can be recovered from the underlying aquifer that is
unlikely in the case of the coastal cities in Lebanon bagse groundwater flows directly to
the sea. lllegal abstractions, which are more difficult to address compared to technical
losses, also require enforcement of existing regulations.

Demand management is generally also a very cesffective adaptation optian, compared to
supply side management, see example of China in Figure 9.

China - Water availability cost curve et
L P, e . . Municipal & Domestic
Cost of additional water availability in 2030, Specified deficit W supply

between supply and
water requirements in
2030

Supply/demand gap in 2030 = 201 billion m?
Total cost to fill gap = - USD 21.7 billion

Genelic crop development (imgated) Desalination Thermal - standalone

— New laundry machines

Power: Dry cooling
ﬁ— Retroft toilets

Desalination (thermal) — co—loca!ed with power plant
Local water conveyance o fon (RO

Imigation scheduling
Retrofit showerheads Seawater direct use | New toilets

14 J: Integrated plant stress mat. (imigated) Frash wateg transfer — inter-basin
08°F No till (irrigated) Rain water harvesting — roof top
Wastewater reuse — municiphiingustrial

06 F New faucets
0a | Integrated plantstremslsnr;vegdt‘ Drip irigation I
0.2 |-Others: waste other reuse [Dam & resenvoir - large Incremental

0 availability
02 100 120 140 160 260 Bilion m?
04 Steel: wastewater reuse Fre_h ‘water fransfer — intra-basin
34 7 Wastewater reuse in commercial buildings Ralnwaler harvesting
80 Groundwater pumping - desp

: New showerheads Mulching

Municipal leakage On-farm canal lines
Power. wastewater reuse Pipe water conveyance

Mo till rainfed Improved fertilizer balance (rain-fed)
Steel: dry de-dusting Efficient sprinkler irrigation
Commercial building leakage Dam & reservoir - small
Paper- concealed filtration Groundwater pumping - shallow
Power: condensed water cooling Post-harvest transport and storage
Steel: condensed water cooling Genetic crop development — rain-fed
Textile: wastewater reuse Aquifer recharge
Paper: intermediate waler reuse Local water pumping
Paper: white water reuse Retrofit faucets
Steel: coke dry quenching Improved fertilizer balance (imigated)
Power: USC Rice Intensification

SOURCE: 2030 Water Resources Group

Figure 9

Comparison of high costs perdraof water, e.g. for dsalination and water transfersvith low
costs or even cost savings for typical demand management measuresffecignt irrigation,
municipal leakage, or no till rainfed farming, here for China(Water Resources Group 2010)

In terms of supply management , additional water storage is probably the most important
adaptation option, followed by wastewater reuse.

AAAT T tid €huatidv®, Aeing a narrow country with water quickly running off from the
mountains into the sea (about 740 MCM per year are flowing unused to the sea, also from
submarine springs) creates a need for additionalater harvesting and storage structures.
Under climate change with increasing variability and less snow water storage (no data is
available on actual snow water storage and observed past changes, but theational
Communications projects a 40% reduction in snow coverage with 2 degree warmirggnd a
70% reduction with 4 degree warming), artificial storage needs to be increased even more.
An in depth exploration of the full range of storage options from soil (green) water storage
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to ponds, hillside lakes, reservoirs and subsurface storage and tbkoice of adapted storage
options according to biophysical and socieconomic context is provided by IWMI (2009).

SUBSURFACE SURFACE Access
A
. dam outlets, pumps,
2 Reservoirs off-take towers
E small large
=
g Direct
i Ponds and Tanks Buckets, pumps
L
E
5
£ & “ Boreholes, deep /
g & Aquifers shallow wells, etc
= B
E E deep shallow
=
EE 5 5 .
=g Soil Moisture Planting crops
LS T
gE
2% Natural wetlands (lakes, swamps etc.) All of the above
Figure 10

Sectrum of storage options (from to IWMI 2009)

The Ministry of Energy and Water (MoEW) developed in 1999 a igear plan to buid 17
dams and reservoirs across the country which would capture approximately 650 MCM of
water per year, but to date only two dams (Chabrouh and Qaraoun) with about 235 MGM
out of which 45 MCM are actually used have been completed. If big reservoirsra not
feasible to implement, e.g. due to hydrgeological conditions, other storage options from
the spectrum listed above need to be tested for their adaptation potential.

Groundwater recharge , or managed aquifer recharge, while more demanding and
expensve than surface water storage, has a lot of potential too, in particular by reducing
evaporative losses under warmer climate, compared to surface water storage. MOEW
(2012) projections show up to 200 MCM of artificial recharge per year by 2020, which is a
laudable goal. UNDP is currently conducting a hydrgeological study on optimal locations
of artificial recharge schemes.

MoEW expressed interest in a pilot project in the coastal zone on aquifer recharge, which
would also result in better protection of aquifers from saltwater intrusion (The 2nd National
Communications report that seawater in some locations has already intruded several
kilometres inland, see Saadeh 2008) While until now seawater intrusion has primarily been
an effect of overpumping, future sea level rise will further aggravate the situation. Injection
wells may also allow recharging of aquifers with sufficiently treated wastewater from cities
(70 % of Lebanese population live in the coastal zone and 88% in cities).

Wastewater treatment and reuse is another key supply management measure, which
enhances water availability and also water productivity (and recycle nutrientg which
otherwise would need to be provided from energy intensive industrial fertilizer). However

in Lebanon, currently orly about 4-8% of wastewater is treated and none of it is reused
(MoEW 2012), so Lebanon has a long way to go to catch up with Jordan or also Egypt. The
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Government of Lebanon has built seven wastewater treatment plants (Tripoli; Chekka,
Batroun, Jbail, Nablounes, West Bekaa, Nabatieh), but these have yet to go online, pending
the completion of the corresponding networks and/or service contracts.

Water quality improvements can also be interpreted as supply management, given that
many water uses depend on dfticiently high water quality. Besides saltwater intrusion

from the sea, anothemwater quality risk to groundwater is due to the karstic nature of
iT00 T &£ ,AAATTT60 1 AT A8 ) O | AEAO -creiiCals o8l OO
urban wastewater. This strengthens the need for integrated land and water solutions.

Like in all MENA countries, desalination will only become a sustainable adaptation option
once it can be based on renewable energy (and the problem of brine disposal is solved).

Like all MENA countries, Lebanon also will actively have to integrateirtual water imports

(a form of demand management) into a comprehensive water management and climate
adaptation strategy. By importing food, irrigation water can be rallocated to other higher
value uses. Lebanon currently imports most of its cereals, cattle feed and livestock products,
while local irrigated production concentrates on fruits and vegetables. Rainfed production

of cereals and livestock feed is still encouraged by the Ministry of Agtilture. This also
requires coordination with other land uses including ecosystem protection for their broader
range of services and role in strengthening resilience.

2.1.2 Economic options / enabling conditions for climate adaptation in Lebanon

Agricu ltural water tariffs need to better reflect increasing scarcity. Currently aredased
tariffs provide no economic incentive for water saving or improvement of water
productivity. Installation of water meters and volumetric (block) tariffs - asin Jordanz are
required.

Underinvestment in agriculture has been identified as key problem, which slows down the
implementation of modern water saving technigues (2 National Communications). So also
in the case of Lebanon, climate adaptation funding if becomingailable could support
agricultural modernization and hence economic development.

2.1.3 Governance option / institutional reform and awareness raising for climate
adaptation in Lebanon

T Ac

i %7 jcmpcq AAETT x1 AACAO Gifelodiaandedd Ei DI Al AT OA
ET OAOACAT AU Ai 1 OAET A O EdcdorliBg toOMbEG thit e ndrisiy isD OF Al Al ¢

understaffed and lacks technical capacity. This probably also refers to climate change and
climate adaptation expertise.

, AAAT T T  Aé waerudebassbalatibns yet to address vulnerability and adaptation at
the local level, but local farmers are increasingly involved in decision making about water
management alternatives (e.g. in pilot projects on irrigation scheduling).

Water data are incomplete, also due the interruption of time series during the civil war, and
there is no central monitoring or data and information system in place. The data
consolidation and integration activity of the Jordanian Ministry of Water and Irrigation may
be o interest in this context. The Lebanese Water Conservation Center has been identified
as a potential data host.
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MoEW has expressed interest in the use of WEAP, ideally in combination with LEABr
integrated water and energy data consolidation and scengr planning under global change.

2.1.4 Integration of water and other sectors for clim ate adaptation and mitigation
in Lebanon

The relatively large amount of arable land and associated soil water (relative to Jordan,

Egypt and the rest of the MENA regig makes improvedland management particularly

important. That includes reductions of land degradation, in order to maintain soil (green)

water storage for bridging dryspells (projected to become more frequent under climate

change) and accordingly reduce eimands for irrigation. The National Reforestation Plan

under the Ministry of Environment (MoE), as well as the initiative on Safeguarding and

2A001 OET ¢ ,AAATTT160 71 1TATATA 2A01 OOAAOG AT A OEA |
the potential to alter thA AT 01T OOU8 O EUAOI T T cU AT A AAAT OAET CI U
significantly, given the much higher evaporative water demand of trees compared to other

vegetation. So there is a need to align forest planning and more generally land use planning

with watershed management taking into account the hydrological effects of any land use

changes. However currently this is not an issue, because forest fires are consuming forests

at a rate that is faster than all afforestation initiatives combined.

Also the lack of laml use-, spatial- and urban planning has led to a rapid urban sprawl at
the expense of natural landscapes and agricultural landand the associated soil (green)
water resources which are no longer productive in agriculture. Growing cities have reduced
agicultural land from 3324 kmz2in 2002 to 2944 kne in 2011 (MoE 2012)

Figure 1
Expansion of Beirut from 19842006 (Ghoneim 2009)

The need forwater -energy (climate adaptation -mitigation) integration becomes
obvious when assessing the feasibility and imp A OO 1T A commitAentitolingréase
the share of renewable energy in power generation to 12% by 2020 (see also Biomass
Atlas). The associated water demands of that goal, e.g. evaporation from reservoirs for
hydropower generation, or transpiration of feedstock plants for bioenergy production
would be significant. Generally water intensities of hydropower and bioenergy are many

1% see e.gwww.worldwaterweek.org/documents/WWW_PDF/2001ur/Launchinga-new
analytical/lWEARLEAP.pdf
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times higher per unit of power generated, than for conventional (fossil fuel) power

generation (Hoff 2011). Hence it will be inportant to design new hydropower or bioenergy

OAEAI A0 xEOE xAOAO AT A Al EIi AOGA AAAPOAOGETT ¢C¢i1AI O
water with other uses. Opportunities to do so include e.g. the use of forestry or agricultural

residues (e.g. from oliveproduction) for bioenergy production, or the design of multi

functional reservoirs (e.g. hydropower plus irrigation plus recreation) which have higher

overall water productivity than mono-functional reservoirs.

Solar water pumps are climateand energysmart solutions, which are also becoming
economically feasible in some locations, also in view of the fact that highest demands for
water pumping (for irrigation) coincide with highest solar insolation in summer.

Climate change is likely to increase energyetinand for cooling which already now accounts
for 20% of total energy consumption in Lebanon, while at the same time climate change is
projected to reduce the hydropower production potential (2d National Communications).
So there is a clear need for integted adaptation and mitigation planning, e.g. by improving
building codes for better isolation and by reducing water demands of power generation.

The lack of a highe#level coordination of water management with other sectors such as
land and energy has beeidentified as a major problem, to be overcome e.g. by way of inter
ministerial committees or other coordinating bodies. At river basin level the Litani River
Authority is planning and managing water and agriculture in an integrated manner through
an integrated management plan. That could provide a blueprint for other river basins too.

2.1.5 Current water and climate plans and strategies in Lebanon

4EA AAT OOAT AT AOI AT O ET1 NatiohdDWaier ®ttohStlatégy C EO , AAAT I
Unfortunately, many d the goals of the previous water plan (1992009, MoEW) were not
AAEEAOAAS8 .1 x OEA 1TAx OOOAOAcCU O! OECEO &£ O AOAC
(approved in March 2012) projects the water sector development until 2020. There is no

mainstreaming of climate change in this strategy, only very brief mentioning of the need to

compile relevant data. Out of a total investment budget of US$ 2.45 billion, 5 million are

£l OAOAAT O OEIi DOl OA 7 OAZEIT A Al Ei AOA AEAT CA ETI
appears 6 times on > 100 pages. The only brief section of the strategy that deals with

improved climate change knowledge suggests that with a future decrease in precipitation

between 10 and 50% and an increase in evapotranspiration between 3% and 36%, sacé

runoff would increase (no estimate of the amount provided). This counteintuitive

suggestion is not founded on scientific evidence as available from regional climate and

impact models.

While the strategy identifies the limited focus on demand managemeas a shortcoming of

L AAATI 160 xAOAO OAAOI Oh EO EO 110 DOEI OEOGEUAA EI
| ATACAI AT O 1 AAOOGOAO AOA & AGOAA i1 OAAET EAAI | A/
o1 AAAT OT OAA A& O xAOAOS 111 Whilk AidrfiahdpdussionsA OAOET T E

with the stakeholders emphasized the need to reduce illegal abstractions. The sectonon
AAPEOAT AgobAl AEOOOA OANOEOAI AT OO AT AOT 80 1 AT OEIT T
317 OEA AT AOI AT O 1 AOCAI U OAtytA diinade changdm O E 1 EO ‘
water sector may not be reduced as much as would be requirethere may be support for a

new Lebanese IWRM plan that would tackle more explicitly climate change adaptation
(Grobicki 2011). Bou-Zeid and EiFadel (2002) andOsmanElshasa (2010) have identified
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adaptation measures related to water resources in Lebanon which address also policy
change:

Adaptation measure| Patential benefit Best uses

Conservation Curbs water demand increase Domestic, industrial,
agricultural demand reduction

Use of surplus winter runoff Collectable runoff can constitute | Irrigation, aquifer recharge
up to 10% of rainfall

Wastewater reclamation All collected wastewater can be Trrigation, aquifer recharge
reused

Seawater/brackish water Unlimited water supply Domestic, industrial
desalination

Ramfall enhancement by seeding | Can increase precipitationby up | Domestic, industrial

clouds with silver 1odide crystals | to 15% 1n arid regions wrigation, aquifer recharge

Use of submarine springs Submarine springs with Domestic, industrial,
significant flows are located agricultural use, aquifer
along Lebanese coastal waters recharge

, A A AT 1kt FirSt Gational Communications to the UNFCCC was published in 1999, and
the 2nd National Communications in 2011. Thewre brief and remain rather general on
water, stating the obvious. Their approach follows the traditional topdown sequence from
climate change scenarios (based on the PRECIS regional climate model) to impacts, not
taking on board any integrated or resilence-based approaches. The Second National
Communications developed climate change scenarios with vulnerability and adaptation
assessments and lists some adaptation measures for the water sector (MOE SNC):

1) the protection of groundwater from salinization in coastal areas;

2) the implementation of water demand side management strategies to reduce
water demand in the domestic, industrial and agriculture sectors;

3) the development ofwatershed management plans ; and

4) the implementation of pilot initiatives to demonstrate the feasibility of alternative
sources of water supply and develop necessary standards and guidelines.

The 3d National Communications will be prepared soon, so now is a good point in time to
introduce new concepts, innovations and a stronger watefiocus.

National partners had mentioned that Lebanon also has submitted to UNFCCC a National
Climate Adaptation Strategy. If this was the case it would make another important entry
point for mainstreaming of climate adaptation also in the water sector.

The National Energy Efficiency Action Plan lists 50MW of hydro- and micro-hydro power
projected to be established by 2015, which would cover 9% of power production. It will be
important to assess the implications of hydropower (and possibly bioenergy) produain

for water availability as competing with other water demands, in particular under climate
change and its reduced water availability and reliability.

Other relevant Lebanese plans and strategies
7TEET A |, AAATTT EAOT 80 OAO tohhe Alimate’chnAg@ At se€Cd A1 O Al O A/
mitigation goal (at COP15) to increase the contribution of renewable energy to 12%.
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A Stratégie de Développement Agricole du Liban (2004), Ministry of Agriculture

A Green Plan, which was already initiated in 1963, addressing elgnd reclamation,
terracing and hill lakes, developed hundreds of small storage ponds with a total
capacity of around 4 MCM related to that Hilly Areas Sustainable Agriculture
Development (HASAD) within Ministry of Agriculture. The Green Plan contains
many relevant measures that need to be mainstreamed for climate change

adaptation.

Hydropower Master Plan

National Bioenergy Assessment

> > > > >

CAAATT 180 AAADPOAOGEI]

Policy Paper for the Electricity Sector (MoEW 2010)

Strategic Environmental Assessment, Ministry of Environment

New Enegy Plan (Lebanese Center for Energy Conservation)
]

£ AOGO ET OEA

Studies Project was on the agricultural sector (Farajallah et al 2011).

2.1.6 Institutions consulted and additional pot

Lebanon

A Ministry of Energy and Water

A Ministry of Agriculture

A Ministry of Environment / UNDP

A American University of Beirut (AUB)
Additional potentially relevant institutions

entially relevant institutions in

A Lebanese Agricultural Research Institute (focusroclimate change)

A
A
A
A

2.1.7 Pilot project in Lebanon

The planned climate adaptation pilot project for preventing saltwater intrusion into coastal
aquifers through injection wells is a good example of the type of wiwin solutions that not

Lebanese Water Conservation Center

Lebanese Center for Water and Wastewater Management

Lebanese Center for Energy Conservation Projects

Litani River Authority for integrated river basin planning

only address the effects of climate change, but also other pressures on thater systemz

such as overpumping. It would have to be embedded in a more comprehensive strategy

that is not limited to technical solutions, but also tackles institutional aspects such as

control of illegal abstractions and enforcement of existing laws ahregulations, which is at

least as important as addressing the technological challenges. To date, climate change and
associated sea level rise still have a relatively minor impact on seawater intrusion into
coastal aquifers, compared to the effects of okg@umping, see also the project of the
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2.1.8 Recommendations for Lebanon

Lebanon is in a relatively privilegedwater-position in the MENA region still and should
make any effort to maintain that advantage through preactive adaptation, in order to
maintain the degree of freedom it currently has, rather than waiting until expensive, re
active and nonsustainable emegency responses become unavoidable.

Demand management is generally a cogfffective win-win option and must have highest
priority in climate adaptation in the water sector. That includes the increase in water
productivity, reduction of technical losses ad of illegal abstractions. Economic incentives
for demand management (e.g. agricultural water tariffs) can be improved.

On the supply side, the generation of additional water storage is one of the most important
measures in Lebanon, given the large losse$ water to the sea, the increasing climate
variability and the loss of snow water storage with global warming.

Water quality management is a key measure to avoid losses of water availability, once
critical pollution levels are exceeded. That includes pretction of groundwater from
seawater intrusion, wastewater treatment and reuse (which is largely underutilized still)
and improved agricultural water management.

Lebanon is likely to gain the highest benefits of all MENA countries from improved land

managemAT 08 4 O00A )1 OACOAOAA 7AOA0 2A01 OOAAO - AT ACAI
AT A T AT ACATI AT O 1T £ x AOA OhzGWR 2080) Has I&ge polehtidlOAA OAOT O
CEOAT |, AAAT ifavdur@ble@gkdedolddical Aituation.

Also in hydropower potential, Lebanon is in a better position than most MENA countries,

but its development needs to be fully embedded in the overall national water planning

strategy, for avoiding negative impacts on other watedemanding sectors. Here an

integrated planning tool such asWVEARLEAP can help to identify and quantifyrade-offs

and integrated solutions.

The 3d National Communications that Lebanon will prepare soon, are a good opportunity to
introduce new concepts, innovations and a stronger water focus.

2.2 Jordan

* 1 O Apbpuldtion growth rate (2.4% according to World Bank 2011) is one of the highest
in the region and in fact in the world, which translate into a doubling of population in about
30 years.

Jordan is at the extreme end of water scarcity (when expressed as watvailability per

capita or demand vs. supply), even within the MENA regiansee comparison in figure 12
below with Egypt and Lebanon. The perception of most stakeholders in our discussion was
that other pressures have been increasing scarcity much morapidly than climate change,
and that Jordan is already employing about every possible water management measure, so
that there is little room/need for additional climate change adaptation measures in the
foreseeable futurez when considering a mediumterm planning horizon until say 2020 or
2030. Stakeholders consulted consider changes in water availability in that time frame to
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Figure 12
Demand-supply relations for current and futuresituation in Jordan, Lebanokgypt, World
Bank 2011

Fortunately, most current water management options also prepare for further reduced
water availability under climate change. An example for projected decreagewater
availability is provided by Menzel et al (2007), who calculated in the context of the GLOWA
Jordan River project a 25% reduction of annual water availability for a medium change
climate scenario which assumes lower increase in greenhouse gas esns than currently
observed.

2.2.1. Technical options for climate adaptation in Jordan

Demand management remains the most important adaptation option to climate change. In
agriculture, the largest water user in Jordan, water productivity can still benproved, e.g.
through more drip irrigation, despite the leading role that Jordan already has in advanced
drip irrigation in the MENA region. Note that there are potential conflicts between drip
irrigation and wastewater reuse, e.g. clogging of drippingdies in pipes. The difficulty in
reducing illegal abstractions in cities as well as in agriculture points at difficulties in
enforcing existing regulations. That is particularly critical for overexploitation of
groundwater in the highlands, which would reqiire control over the small number of large
Z often absentee- farmers with high water use. Participatory activities towards reducing
groundwater overexploitation by the Highland Water Forum demonstrate the need to
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differentiate between the different typesof users, e.g. small vs. large water users and local
vs. absentee farmers.

$AOPEOA *1 OAAT 80 AgOOAI A xAOAO OAAOAEOUHRh DPAO AAT
some European cities. Also unaccounted for water is still very high in the citigsip to 50%
in Amman. Stakeholders consider technical loss reduction to be easier to achieve than the

reduction of illegal use.

The recent private sector engagement in urban water supply bears the risk of diluting the

important water saving message by implyinghat privatization will guarantee unlimited

access to water.

" EOAT OEAO *T OAAT 80 AT A OOPPI U OAIEAO OF AAT 0O
imports with agricultural commodities will remain the most important demand

management measure in quantitativeaerms (see also virtual water imports in figure 17).

#1 1 OANOGAT 61 Uh *T OAAT 80 xAOAO OOOAOACU OANOBOAOOGO
Ei Bl OOAA AOI PO68 )O EO 110 Al AAO EI xAOAOh ET xE
overall vulnerability of Jordand © x AOAO AT A &I 1T A OAAOOEOUS8 7EEI A
distributed resource base in principle reduces drought risks, imports expose Jordan at the

same time to the world market price fluctuations and the possibility of major exporters to

reduce or stop exprting in case of drought, scarcity or other shock.

(
E
A

There are limited opportunities for supply side management in Jordan, given the full
exploitation / overexploitation of available surface and groundwater resources. The main
supply side options currentlyimplemented and projected for future national water
management, are the transfers of i) fossil groundwater from the Disi Aquifer (under
construction) and ii) of desalinated seawater from the Red Sea (planned) to Amman and
beyond. As a general rule, buildig A AT OT OOU8 O xAOAO OUOOAI 11 A O,
distributed) solutions is likely to be a more resilient adaptation option to future

disturbances or shocks, compared to a single centralized largeale solution. Also pumping
of water across sucHarge distances and elevation gradientg as from near the Dead Sea
(below sea level) to Amman (up to 1000 m above sea level) for municipal demands requires
large amounts of energy (comparable to desalinating the same amount of water).

Wastewater reuse pri OEAAO A COl xET ¢ AT 1 OOE Azdi@Heitdian O
in most other countries of the MENA region. It not only recycles water but also nutrients,
which otherwise would have to be provided with additional inputs of energyintensive
fertilizer. Currently the central As Samra treatment plant for the Amman area is upgraded,
and additional wastewater treatment and reuse capacity is being developed for the Zarqa
basin and Jordan Valley (eventually expanding wastewater reuse to the northern Jordan
Vdley), freeing up freshwater for municipal and other higher value uses. Early treatment of
industrial and other wastewater before it mixes with other water has been recognized as a
priority measure to avoid pollution-related losses in usable water. Decerdtized

wastewater treatment in rural and semturban settings has been identified as an important
addition to the existing central treatment plants, for its flexibility and specific treatment of
different wastewaters, and eventually also for more resilientlimate change adaptation, e.g.
by the SMART projedt.

Additional brackish water can be (and in the Jordan Valley is already) used in ksaline
agriculture if salt resistant crops are selecteq see also proposed adaptation project in

“1 OAA

7 http://www.iwrm-smart2.org/
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Jordan Valley in setion 2.2.7. Crop choice and crop breedingalso for drought resistance-
are important adaptation options in the agricultural sector.

While water storage in principle is an important adaptation option to increasing climate
variability, there is very limited potential in Jordan for additional storage. In some cases
existing storage volume cannot be filled with the (shrinking) available water resourcezas

for example in the Yarmuk basin, where thél-Wehda/51T EOU $ Al AT AO1 60
well as in the Jordan river basin, upstream riparians have already diminished flows much
more than climate change ever could.

In this situation, artificial groundwater recharge is the only underutilized storage option. It
avoids evaporative losses and hence becomesen more important under higher
temperatures. Artificial storage is currently planned for pilot projects in the highlands.
SmaktOAAT A OAET xAOAO EAOOAOOET ¢ AT A OOT OACA
building code, but the existing legislathn is not sufficiently enforced.

2.2.2 Economic options / enabling conditions for climate adaptation in Jordan

Economic water productivity can be increased if water is reallocated (possibly also through
water markets) to higher value uses, such as toism (example Dead Sea) and other services
sectors that are not very water intensive. This diversification and reduced economic
dependence on water resources is not only a strategy for climate change adaptation, but
also for diversification and resiliencebuildingz if embedded in a consistent land use, food
security, and development strategy. The establishment of water markets as a tool for
allocating water to highest economic productivity is insufficiently established, lacking a
sound legal framework. Conequently, some farmers simply sell water for a much higher
price than the very low price for which they received the water.

2.2.3 Governance options / ins titutional reform and awareness -raising for climate
change adaptation in Jordan

Jordan has initiated a process of institutional reform in the water sector, e.g.
decentralization, establishment of water user associations angh-going restructuring

within the Ministry of Water and Irrigation (MWI) in the context of the Institutional Support
and Strategy Program (ISSP) for the water sector. These initiatives provide a window of
opportunity for more integrated (e.g. waterenergy and waterland) approaches and for
mainstreaming climate change adaptation into water planning (coordinated in the WI by
the Department for Management of Water Resources).

Crosscutting programs may help to achieve the required integration across sectors, such as
the program on water quality, health protection, and food security, which is to enhance
UNESCO, and the national ministries of water and irrigation, environment, health,
agriculture, and education. The experience with a new crogsutting ministry for mega-
projects however was less encouraging, it was dissolved again.

Theintegrated water data and information system  for consistent and continuous data,

which is currently developed at MWIis an excellent response to the information needs of

improved water management under climaé change. It includes climate, hydrological

surface water, groundwater water, and water quality data, and integrates monitoring,

telemetry and central data management in the ministry. For climate change adaptation it
24
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will be important to analysetime series for climate change signals and continuously
integrate any new information from science for adaptive management (including e.g. the
new regional ensemble climate scenarios from the UN ESCWA / SMHI initiative).

Use WEAP opportunity, which is not only a péicipatory planning tool, but at the same time
consistently integrates relevant data and timeseries.

* 1 OAAT 8ddd ctirda@-Felated data are currently consolidated and analysed for water
planning in WEAP. WEAP models have been developed over the pasirs (with the help of
GIZ/BGR, SEI and the GLOWA Jordan River project) for all major river basins of Jordan, in
order to test various climate scenarios and climate adaptation measures for their system
wide effects. These models are now merged into onational WEAP model. WEAP has also
AAAT OOAA ET *T OAAT G660 . AOETTAl #1111 O1TEAAQETT O j
Jordanian water data and information system and national WEAP model could become a
blueprint for other MENA countries as an integrated cihate change adaptation framework.
Coupling to other applications such as ModFlow (groundwater), Mabia (irrigation), and
MYWAS (costbenefit analysis) in Jordan and various other MENA countries has already
made WEAP a déacto standard planning tool for theregion.

Most recently the WEAP water planning tool has also been coupled to LEARN energy
planning tool, so the two can now be used for integrated wategnergy planning, e.g.
identifying and quantifying negative externalities from monesectoral planning and
potential synergies from integrated approaches.

Climate change is receiving considerable attention in Jordan and hence provides an
opportunity to initiate or accelerate much needed further technological improvements,
demand management and institutioml reform. Going beyond these typical IWRM measures,
additional climate risks and resulting vulnerabilities need to be communicated to policy and
decision makers, such as those associated with droughts and other extremes. These
extremes may materialize mub faster than projected changes in average water availability
and are likely to overtax existing coping mechanisms. Careful assessments need to
determine the limits of adaptation by means of conventional measures, and possibly
required further reaching transformative changes, in response to mounting climate
pressures.

Jordan in many respects is a pioneer in the region, simply because of its already pressing
water scarcity. So solutions from Jordan will be of interest for the other countries, when
these folow the same development path in terms of urgency and responses to water stress.

2.2.4 Integration of water and other sectors for climate adaptation and mitigation
in Jordan

Integration of water and energy (climate adaptation and mitigabn) holds significant

potential in Jordan for increasing overall resource productivity and averting or delaying
crises. While water is projected to be the most impacted sector from climate change, at the
OAi A OEI Ah pub 1T & * kadrdldtedl QreeAhbukepgsemidsiisdd A O
from the water sector (desalination would increase that further). Moreover some of the
proposed future energy pathways (e.g. nuclear or mining of oil schists) would be very water
intensive. Accordingly, any reductions irwastage and improvement in water productivity

18 \www.setinternational.org/mediamanager/docuns#Rtblications/Climate/leap.pdf
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also provide cabenefits in the energy sector and vice versa. Integrated water and energy
assessments will have to include future climate change effects and mitigation goals (e.g.
through renewable energy).

Given the good progress Jordan is making with addressing the wategnergy nexus (in

particular energy-smart water pumping and energy recovery from wastewater treatment

plants z the As Samra plant is almost energy se$iufficient) it could become a role nodel for

the MENA region for integrated climate and water management solutions. In Jordan, the

emphasis on renewable energy seems to be increasing, also relative to the ambitions for

centralized nuclear power productionz which could significantly increasevulnerability of

*T OAAT 80 xAOAO AT A AT AOCU OUOOAI O j-t@RA Al O +EO>
planning are essential for climate adaptation (and mitigation), but these are currently

subject to frequent changes of ministers and other high level offials and associated

priorities.

Integration of water and land management holds significant potential also for
addressing additional climate pressures, e.g. in terms of watamart spatial and urban
planning and land use zoning, improved soil managementrfgreen water storage etc.
Reducing land degradation / desertification and rehabilitating land holds cdenefits in
terms of soil water storage (important for bridging dry spells) and also for &torage
(integration of adaptation and mitigation).
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Figure 13

Rapid growth of Amman over the past centugymostly at the cost of goodgricultural (even
rainfed) land, which has drastically reduced the productivitf associated green water, which
is lost for biomass production



2.2.5 Current water and climat e plans and strategies in Jordan

The central document in water planningis T OAAT 6 O 7 A CORER0Z2 QWaeDdrC U
Life. After many years of gradually introducing stricter water laws, e.g. prohibiting further
exploitation of depleted groundwater bashs, monitoring of groundwater use, or

ET OO1T AGAET ¢ AiTAE OAOEAAOC 11 xAOAO OOAR *1i OAAT &<
When comparing the new 2012 version with that from 2008, climate change is now
OAAAEOET C | OAE O0OOI 1 Caks® bepiefnketl Oriadditidal iateE A T AOET 1§

O0OOAOO AAOOAA Au Al EI AOGA AEAT GCA6 EO 1 EOOAA AO A
Ol Al Ei AGEA AEAT CA EO 1 EOCOAA AO A OGBODWAEZEA OAOC
measures at national level do at automatically reduce vulnerability to climate change in

the respective local context.

The strategy contains a long wisHist of measures, only a few of which have been
implemented so far. The strategy has a strong emphasis on demand management, whéch i
key for adaptation to climate change and increasing water scarcity, given the full (and over
) exploitation of all available water resources in Jordan, requesting e.qg.:

A OEOOEGCAOAA ACOEAOI OOOA ET OEA EEGEI ATAO xEII

A OAT AT OOAGCR @AM ADAAOT AT A AEZEAEAT O EOOEGAOE
A OOAAOGAA AOADI OAOEOA 11 00AO OEOI OGCE Al T OAA PE
A OOOAT OEAOOAAT A xAOAO OECEO0OG

A Ol POEI EUET ¢ xAOAO Al 11T AAGEIT O AO PAO OEA . AO

help to improve economic water productivity.
But the strategy also prioritizes the few remaining supply side measures, e.g.
A OOOA 1T £ COAU xAOAOG
A OOOA 1T &£ OAET xAOAO EAOOAOOEI ¢ EO AT AT OOACAAG
The strategy points out, how water should be linked to other sectors, in particular
agriculture and land managemat, primarily for improving water quality:
A 01 AT A OOA 1 EAATOET ¢ 8ET 1T OAAO Oi i ETEIEUA TA
O0OO0OZEAAA xAOAOO
A OAT EAOAT Gseclof spatidf pladring including urban and perirban
AAGAT T PIi AT O TAAA O AA ADPDPI EAAS
Beyond landuse and spatial planning, water quality aspects also need to be recognized as

important measures to enhance or at least maintain water availability (differentiated
quality requirements for different uses) and improve water productivity.

Also links betweenwater and energy (and food) are addressed in the National Water
Strategy:
A OxAOAOh A OAAOAA OAOI OGOAA8T AAAG Oi AA8IETEAA
AT AOcuUo
A OET AOAAOA Al AocU AEEEAEAT AU T £ OEA xAOAO 00D
harness alterndive energy sources to provide 20% of the power required to pump
x AOAOO
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A OxAOOAXxAOAO OOAAOI AT O OAAETTI11GCEAO xEOE AOA .
Al 1 00i BOET T O
A 6AT AT OOACA DPi xAO CAT AOAOCET1T &£O0i i O1 OACAo
The strategy further addresses the need to improve and bettenanage waterrelated data
and information (a pre-requisite for planned adaptation), suggesting to:

A OAOOAAI EOE A xAOAO OAOAAOAE OITEO xEOEET OEA

OUOOAI AO OEA T ETEOOOU 1T &

A OxAOAO ET &£ Of AGET 1
A OOA O afivhal wateritraining centred

)y O POl i OAOG Al OET OOGEOOOEI T Al OAAE OF ET *1 OAAT 8¢
OT AAA O AT 11 AAT OAGA AiT1c¢c All AT 1TAAOT AA T ET EOOC
AAADOAOGET 1T AU DI mkistEd ogerldp 6f@esporisibilfles @ith BthAeO A

i ETEOOOEAOSG AT A OEA 1T AAA O OAI AOELAU OEA OAODPI I C

ET OEA xAOAO OAAOI 068

It provides an entry point for mainstreaming climate change adaptation into overall

deveil DI AT O PI AT TET Cq O4EA .7-0 OEITOIA TETE AAOxA
TAOCET T AT AAGAT T PI AT O PIATTETCO

Theinvestment or actionplan £ O Ei bl Al AT OET ¢ OEA OOOAOACU | -7)
any specific climate change adaptation measures (mentioned onicethe document).

However this plan is currently updated, in line with the Institutional Support and

Strengthening Program (ISSP) for the water sector. This program is expected to lead to a

restructuring of the Ministry of Water and Irrigation and as withany new structure, there is

a window of opportunity to introduce new concepts and innovations for mainstreaming

climate change adaptation.

The National Water Master Plan which was developed with GTZ support, published in
2004 is currently being revised aml streamlined, with WEAP as a central planning tool.
Existing WEAP models which have been developed for individual basins in Jordan are
currently integrated in one national WEAP system.

The 1st National Communications to the UNFCC@ere published in 1997,the 2nd National
Communications in 2009. They mainly contain a description of the knowledge (and
limitations) along the well-known chain from global to regional climate models, and further
to impact models, vulnerability and adaptation assessments for th@ater sector (also using
WEAP), the agricultural sector and other sectors. So they list some of the important water
management measures, but without identifying innovative and integrated measures. With
the 34 communications now under preparation, there isan opportunity to fill that gap. In
particular it will be important to also develop an adaptation action plan.

The Ministry of Environment also coordinates the development of elimate change policy ,
which is integrating perspectives from a wide range obther ministries and stakeholders.
This effort is being led by the national climate change committee. Again, there is scope for
closer integration with water planning

2.2.6 Institutions consulted in Jordan
A Ministry of Water and Irrigation
A GIz
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A BGR
Ministry of Environment

A UNJoint Program (Adaptation toClimate Change to Sustain JordaMDG
Achievements)

. >

A French Embassy in Jordan
A Friends of the Earth Middle East (FOEME)

2.2.7 Pilot project in Jordan

The proposed pilot project will focus onsustaining groundwater resources in the Azraq
basin, which are projected to diminish under climate change through a combination of
improved recharge and reduced abstraction. This is to be achieved byailificial recharge
using dams for capturing and infiltrating exess water from flash floods, and ii) providing
farmers with less waterintensive income alternative, i.e. energy farmingGiven that
groundwater is the main (and critically overexploited) irrigation water source in much of
Jordan, and the successful padipatory approach through the Highland Water Forum, this
pilot project can demonstrate the feasibility of improved groundwater management and
knowledge and capacity building for later outscaling and upscaling to other aquifers.
Additionally assessments wil be required for future groundwater recharge under climate
changez e.g. based on new UIRSCWA / SMHI regional ensemble climate scenarios.

Additional suggestions by Jordanian stakeholders for climate change adaptation projects
were:

A water harvesting andstorage in the Badia region, to tap some of those 90% of
DOAAEPEOAOGEIT OEAO AAATT A COAAT xAOAO
not to be available for water supply. This could build on the model of the GIZ pilot
project, including aquifer storage

A desalination of brackish water or use of brackish water for biesaline agriculture in
the Jordan Valley

2.2.8 Recommendations for Jordan

Even more so than in Lebanon, supply side options are largely exhausted and accordingly
demand management must ave highest priority in climate change adaptation in the water
sector, through increased water productivity and reduction of technical losses and of illegal
abstractions. Water markets as tools for increasing water productivity are not yet fully
established

Very few opportunities remain on the supply side, such as grey water reuse, rainwater
harvesting and aquifer storage. Water quality management remains essential to avoid
further reductions in water availability. Virtual water imports as the main adaptatbn option
to increasing water scarcity has to be fully integrated with water and land planning.

Despite further advanced water strategies and plans, also in terms of climate adaptation,
compared to other MENA countries, there is still a significant impleentation deficit, e.g.
when it comes to reducing illegal abstractions.
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Jordan can turn its disadvantage of being most pressed in terms of water scarcity into an
advantage, if it becomes a role model in the MENA region in adaptation, providing
alternative and integrated water and energy opportunities, which are much more cost
effective than those development pathways that the Gulf countries are now proposing. o
*T OAAT 860 AAOAT AAA DT OEOEIT ET AAADPOET ¢ O xAOAO
A its high level of wastewater reuse,
A energy efficiency improvements in water pumping
A AT AOcCU OAAT OAOU ET xAOOAxAOAO OOAAOI AT O j OOO
A water data integration and integrated scenario planning (using WEAP) in the MWI

Windows of opportunity for mainstreaming climate changeadaptation exist, e.gthrough
institutional reforms on-goingin the water sector and upcoming revisions of the:

A investment or action plan for implementing the national water strategy,
A National Water Master Plan,
A 3rd National Communications to the UNFCCC

2.3 Egypt
A population growth rate of 1.8% (World Bank 2011) translates into 1.5 million additional
AEOEUAT O AOAOU UAAOh T &£ xEEAE wxb TEOA 11T tp T &

resulting high population densities in particular in cities caugs additional exposure and
vulnerability to climate change.

The per capita GDP (US$ 2700, World Bank Indicators) is lower than in Lebanon and Jordan,
while the dependency on agriculture is higher (about 15% of GDP and 30% of workforce,
World Bank 2011), whch limits manoeuvring space for adaptation. Moreover Egypt has

only one major renewable source of water, the river Nile, making it very dependent.

On top of the rapidly growing demand for water due to population growth and economic
development, there is aditional pressure from i) inefficiencies in the water system and ii)
decreasing water availability from the source areas of the Nilewhich is not primarily a
climate change effect, but caused by land use change, new dams and withdrawals, in

particularii ~ %OEEiI PEA xEEAE AT 1 OOEAOCOAO AAT OO0 wub 1 A& 9
! AAT OAET ¢ O OEA TAOEITAl xAOAO OAOI OOAAO bI Al h
OAAAEAA EOO T EIEO T £ xEAO EO AAT 0OODPDPI 0068 (Al A/

priority in adaptation planning.

"EOAT %wCcuUDPOBO Ali T 600 Ali bl AGA AApdAsAAT AU 11 x
boundary collaboraton EO AOOAT OEAT h ET DPAOOEAOI AO & O EI
water productivity and total benefits derived. This includes shring of knowledge and

technologies with Nile basin riparians. Opportunities are also in moving water storage and

water intensive food or energy production further upstream. If collaborative agreements

can be reached, more storage could be realized furthepstream where evaporative losses

are lower. Lower evaporative demands upstream can also increase total agricultural water
productivity if irrigation water and irrigated production are shifted to upstream locations.

(1T xAOAOh AAOPEOA vaqdy® ddilthaskighed adricuiuial watro A A

productivity compared to Sudan and Ethiopia. Hence sharing of knowledge and

technologies should be key elements of tranboundary collaboration (Hoff et al 2012). A
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lack of collaboration is illustrated by thefact that the Nile Forecast Center in Cairo has to
rely on remote sensing (satellite) rainfall data for calculating inflows into Lake Nasser and
for deriving reservoir management rules, because it lacks access to streamflow data from

Ethiopia or Sudan. Te2d. AOET T Al #1111 601 EAAOEI T O Ail1 £EOI OEAO
fortrans-AT 01T AAOU Ai i PAOAOEIT OAOEAO OEAT Ai1 Al EAOG /
AAOGA AT A ET A& Oi AGETT AAOxAAT . EI A "AOET Al Ol OOE/

countries cauld facilitate knowledge transfer and forge improved relationships.

2.3.1. Technical options for climate adaptation in Egypt

Like in Lebanon and Jordan, demand management must have highest priority. It is

particularly important in agriculture, which is almost completely irrigated, requiring more

than 80% of all water (OOC 2011). Current inefficiencies in particular water intensive flood

irrigation in combination with increasing future irrigation demand due to climate change

and the lack of supply side ptions, leave demand management as the only major adaptation

option. Note however, that agricultural water productivity in Egypt is already higher than in

Al1l TOEAO -%.! AT Ol OOEAO8 %CUDPOBEO EOOECAOAA ACOE
3000 kcal per n® of water consumed, while most other MENA countries produce about

1000 z 2000 kcal (Gerten et al 2011).

While underground water losses are likely to stay within the closed system of the Nile River
and its underlying aquifer available for downstream reuseany evaporation is a true loss
from the system hence reducing overall water productivity and needs to be minimized.
Opportunities for agricultural demand management include closed systems instead of open
canals, drip irrigation, and precision agriculture Also any measures to increase yields (e.g.
crop breeding, changed sowing dates or fertilization) and/or to reduce crop losses from
pests or other calamities simultaneously reduce unproductive water flows and increase
overall water productivity.

Water pro ductivity improvements are closely linked with higher yields, so there are eo

benefits with improved land usez with agricultural land also being scarce in Egypt. Demand

management in the Nile valley can set free additional water for horizontal expansiori o

cultivated land into the desert. These agricultural expansions are currently depleting
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future water management and likely causing a loss in future resilience.

However, sustaining these horizontal expansions with water from the NileAT AOT 8 O OAAI O
be sustainable in the long run either, given the growing pressure on water resources

throughout the Nile basin- see for example Toshka Lakes in the figure below hich have

lost most of their inflow from the Nile
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Figure 15
Largely depleted Toshka Lakes in June 2012 (Lake Nasser on the right)

Water quality improvements are most urgent, given the downstream location of Egypt and
in particular the Nile Valley, whee most water is reused

Supply side management : within Egypt, the potential for making additional water
resources available is very limited, unless seawater desalination becomes economically
viable. There may be some potential for rainwater harvesting ithe north and Sinai.

Water quality improvements of upstream effluents improve opportunities for water reuse

downstream, and hence translate into improvements in water availability in the closed Nile

basin system. In particular in the Nile delta water reusés severely compromised by

pathogens, industrial pollutants, pesticide, and fertilizer from upstream sources (less than
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system, OOC 2011). Upstream water quality impx@ments (as well as water savings) pay

back several times through multiple reuse downstream.

Existing wastewater gquality standards are not always enforced, hence adaptation via water
guality improvements critically hinges on institutional solutions in addtion to technical
solutions

Another water quality problem is salinity in particular from seawater intrusion in the Nile

delta. Being very flat and at low elevation (partially now already below sea level) this region

is more vulnerable to sea level rise athassociated flooding and seawater intrusion than
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between 1 and 2.3 mm per year (2 National Communications). Intensive rice irrigation in

the coastal zone cammelp to maintain the freshwater hydraulic head and prevent seawater

intrusion (Sherif 2003). This effect has to be taken into account when introducing less water
intensive rice cultivars or dry rice (which also serves climate mitigation through reduced
greenhouse gas emissions).
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Zone Management

1 EOF
El

Egypt is one of the largestdod importers and hencenet importer of virtual water , which

is implicitly is also a form of water management, like the recent investments in agricultural

I ATA AAOT AAh A8c8 EI %OEEI PEA8 #000AT O1 U %CUDOGC
AT OT OO Wwéeds (FEICI2041). With further population growth and economic
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