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ABSTRACT

Water underpins the survival of the ecosystem and of human civilization, which exists wi
a certain delicate balance. Water is especially crucial to the economic developdersloping
countries that happen to have limited water supplies. The state of Turkey dededs& Minor
for its large size, has relatively moreghwater supplies than most countries in the Middle East.
However, the interior of Turkey, in whicthhe Akarcay Basinis located is water scarc&he
Akarcay River Basin, one of 25 rives basins in Turkey, is located in aa@miegion of the
country. t hasseveraltowns and villages as well as a thriviagriculturalsector in addition to
some manufacturingnining, and tourismThe kasin has twdarge lakesaround whichlots of
fruitsand vegetabkare grown for local consumption and for exporting to the reBudéey. The
hydrological pressures in this basin have been mounting duieysical water scarcityglevated
waterneeds of the domestic aadricultual sectorsrising frequency of droughtanddeclining
water quality due to higlevelsof pollution. Despite the agricultural importance of the Adaar
Basin, there is a dearth of studiesvater resources plannimgnd managementhis thesisseeks
to assess the status of water management in the Akarcaydasto develop policy options for
sustainablananagementf water resources in this important region. The reseasthanalyes
institutional and planning frameworks of how river basingelaeen managed in Turkey and
examines actors and institutions, historical experiences, and geographic cointtertdasins in
developed countries, the Colorado River Basin in North America and the Mbaréigig Basin
in Australia,as well as water challenges twwo developing countriesnamelylran, and Saudi
Arabia intheMiddle East. Tks multiple case study approachuseful inunderstanthg successful
water management practices that paovide insights for decisiomakers in the Akarcay Basin.

The thesis finds that over the last few decades, water resources in the AkarcdyaBasin
been managd unsustainably. This is mostly due to poor governance and government indecision
in finalizing a modern comprehensive water Id&urthermoreit finds that the basin has a complex
water management system wheesponsibilitiesare not weldefined Thatis to say numerous
institutions haveoverlappingresponsibilities that often do nobordinaé with oneanother. In
addition, climate change is projected difect the availability of water supplies in the basin
adversely Finally, the thesis proposesfaw policy recommendation®r how to sustainabyt

manage water supplies in the basin
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CHAPTER1
OVERVIEW AND METHODOLOGY

“We forget that the water cycle and the life cycle are oreJacques Yves Cousteau

As Gleick (1998points out “water is not essential to sustain life, but it also plays an integral
role in ecosystem support, economic development, communitybeiely, and cultural values.
Gleick adds “water is now recognized as a common good and community resources alsoit i
used as a private good or economic commodity; it is not only a necessity for lifestoa a
recreational resource; it is imbued with cultural values and plays anpiédue isocial life of our
communities.”

Freshwater resourseare finite and unequally distributethe world faces a wide range of
ecological and human health crises related to inadequate access to or imprauenmesuh of
clean, freshwaterf-urthermore,changing and uncertain future climatdél have a significat
impact on the sustainability of water supplies by altering hydrological cyclémgnaater more
unpredictableand increasing the frequency and intensity of floods and dro(idhts Water is
linked to many sectors, i,eenvironmental, socioeconomienergy, food production, and the
similar. World Economic Forum'’s Global Risks Reports have listed water crises a$ thie top
five risks in the world for the third consecutive year (World Economic Forum 2016, 2017, 2018).

The Akarcay River Basiis located in a servaridinner Turkey Historically basin has been
managed unsustainably and is already facing physical water scarcity due to feaifoaghts,
increasing water demand for agricultural, economic and household purposes, aragdeelier
qudity due to the high rate of pollutioMVatermanagement anslustainability hae emerged as
perhaps the most critical natural resource issue in the Akarcay Basin, as well as in otlaeidsemi
regionsin Turkey.This research seeks to assess the status of water management and the impact of
climate change on the Akarcay River Bagtarthermore, the thestevelopsa menuof policy
options for thesustainable management of water resources in the AkBaggg in Turkey.

In order toanalyze the sustainabilityof the Akarcay River Basinand develop policy
recommendationshe following methodological steps were taken. The case study approach is used
asa research methodology reviewthe strategies used the water management argdanning
process. In this cdext, his analysis ofthe Akarcay Basinrelied exclusively on Turkish

government dat National data on Turkey were drawrom the Turkish government and



international institutions (e.g., World Bank; UIRAO). The literature review focused on the
following common themes; sustainable water management, the effect of climate change, water
management techniques, IWRM, managing water in arid, andas@megions.To create maps

for the Akarcay Basin, State Hydraulic Worksi\d GDWMdatawere used and visuaéd with

CAD, GIS, and design programs such as ArcGis, Netcad, and Inkscape.

The research also analyzes institutional and planning frameworks of howasias have
been managed in Turkewyndit examines actors and institutions, historical experiencey] a
geographic contexts four particular cases from different parts of the Whddselection of these
four particular cases was based on several criteria. Firstly, these countliesiae in semarid
and arid regions, where precipitation varies dcally in summer and winteare susceptible to
droughts, and haveigh levels of water extractions relative to the available freshwater supplies is
commonplaceAnother selection criterion was the development level of the countries chosen. Tw
developingcountries were chosen dte their similarities with Turkey in regard to the country
size, culturaltrends population, and hydrolimatic conditions. Inversely, two rivdrasins in
developed countries were chosen becaheg provide helpful insights to @velop sustainable
management solution®eveloped countries such as Australia and the USA, have the strongest
voices in the multiationalbanks and international organizations that address issues of global
concerns related to development, and the enviesinfrurthermorehey have a longer history in
terms of modern water management practices and have undertaken ambitious watsr(t&for
Clean Water Act of 1972, Australian National Framework for Water Reform 1888)ere are
lessons that can be@ated for the Turkish case.

Based ortheliterature review on extensive resources, | discovered that there is a latk of da
on hydology andwater management of Akarcay Basin exdepggovernment data. Although the
Turkish governmenémploys many hydrolagal professionals and has been fundamumber of
ongoing programs and projects related to water management of Akarcay RiveraBabiese
programs are vulnerable to biastheir scopéased on political agendas withive country.



CHAPTER2
LITERATURE REVIEW AND THEORETICAL FRAMEWORK

2.1 Sustainable Water Resources Management

The word sustainability means the ability to existtoaraly, to comfort, and to nourish.

Flint et al. state that “Sustainable means continuing without lessening” &tliat, 2002).
Development means improving or bringing to a more progressive state, such as in our economy.
Thus, sustainable development means working to enhance the potential of human productivity
without damaging or undermining society or the envirorin{€fint, 2034). According to the

World Commission on Environment and Development (1987), "Sustainable develognaent
development that meets the needs of the present without compromising the abilityref fut
generations to meet their own needs."

Wateris anessential natural resource for the development of human society as well as the
most vital source for the viability afocialand environmentakystemsWater systems such as
lakes, rivers,aquifers, large marine ecosystems, and oEesmupport the smoeconomic
development and wellbeing of the world's population. Many of these systefimkadto goods
and servicethatpeople depend upolike food and energyTWAP).

Oceans/Saline
97.5%

—_— Permafrost
: 0.8%

Surface & Atmosferic 0.4%

World Water
Wetlands 8.5%

Soil Moisture 12.2%
.Atmosphere 9.5%

Fresh Water { Fr%;?égter Rl\fcrs 1.6%
Animals &
67.4% P;aé]}s
0.8%

Surface & Atmosferic
Water

Figure 2.1 Distribution of wotd water resourceUNESCO/Cambridge Energy Research
Associates)



For today's water status, although wateemsone of the most abundant resources on earth
(97% of the Earth’s water is seawatéers than 1 percent of the totadtersupply is availabledr
human consumptiofWHO&UNICEF, 2016). The current world populatiar 7.7 billion is
expected tdbecome 9. billion in 2050, withapproximately83 million people being added every
year(UN, 2019a).

The upward trend iworld populatiorand improvement in the quality of life are an ongoing
process and which will continue to increase water demand to a great extdrd world’s
population increase (growing demand for water from agricultural, industrial, and @x)nmesd
water demand rises, water streand the threat of water scarcity is now a prevalent
concernAccording to the International Water Management Institute (2014), 1.2 billion people
alreadylack access to wateand500 million people are approaching this situafiam et al.,
2015)(Figure 2.2Vaterstress by ocuntry: 2040 lLuo et al., 2015).

Water Stress by Country: 2040

ratio of withdrawals
to supply

Low (< 10%)
Low to medium (10-20%)
Medium to high (20-40%)
W High (40-80%)
W Extremely high (>80%)

NOTE: Projections are based on a business-as-usual scenario using SSP2 and RCP8.5.

For more: ow.ly/RiWop WORLD RESOURCES INSTITUTE

Figure 2.2Waterstress by auntry: 2040 Cuo et al., 2015)

Agricultureaccounts foi70 percent of the world’s annual freshwatonsumptionsowater
availability will be one of the greatest challenges to future food security. Mbtieasingwater
demando raise crops to feed the burgeoning global population, efforts to pratioce food wih
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less water are critical to averting a crigiscording to the Food and Agriculture Organizatithre,

number of hungry people in the world has grown to 820 million people in 2016(FAO, 2019).
Furthermore climate change is projected kave significant impacts on water supplies

throughout the world in the coming decades, with many counties facing greater riskieof wa

shortageghan othersClimate change will disrupt traditional weather and-otinpatterns and

could increase the frequency and severity of draayid floods, changing whemd where géing

snow and raifall (Kammeyer 2017. Overall, the negative impacts of projected climate change

on freshwater resources and related systems, including freshwater ecosystems, are assessed to

outweigh its benefits (Kundzewicz et al., 2008).

Water Supplies Projected to Decline

No Climate Change Effects Climate Change Effects

Water Supply Sustainability Risk Index (2050) Water Supply Sustainability Risk Index (2050)
I Extreme (29) I Extreme (412)
[ High (271) I High (608)
[ Moderate (821) 1 Moderate (1192)
[JLow (2020) [ Low (929)

Figure 2.3 With and withoutlimate change effect on USANRDC, 2010)

In 2002, The Millennium Development Goals (MDGs)ampaignwas launchedto
accomplisha set ofessentiakocialand environmentaarges worldwide The recent initiative
involves17 Sustainable Development Goals and tlB§etsaddressing environmentéihancial,
and social aspects of development, amds to endpoverty, starvation, illness, unsuccessful
educationgender inequalityand environmental degradati@amd ensure prosperity for aBDG 6

is a dedicated water goalto “Ensure availability and sustainable management of water and



sanitation for all’(UN, 2019b). Access to safe water armhsic sanitatiorserviceand sound
mana@ment of freshwater ecosystems are the lidisiastainable developmeiitalso addresses
otherwatermanagemerglementsuchasglobalcollaboration capacitybuilding, and involvene
nt of stakeholdergUN, 2019b). Not only does SDG 6 have powerful cectionswith all the
other SDGsbut it is also essential to achieving th@he Second Sustainable Development Goal,
“End hunger, achieve food security and improved nutrition and promote sustainablewagyicult
calls for collective, inclusiveand multidisciplinary action to address the complex caatses of
hunger and malnutritionNVater and food security are complex sustainable development issues,
linked to health through malnutrition, but also to sustainable economic developmeaheerit
andtrade(WHO& UNICEF, 2016).

Sustainable management undenditions of uncertainties ought to consider heign
planning and policy settirsgn a continuous cycle of data update, data analysis, agxhtaation,
and upgrade and improvement of policies and action plans. In setting water poliGassyies,
decisionmakers at the national and international levels often focus on meeting peoptiss nee
However, water managers have to deal with a host of interlinked issues:,cpugdtly allocation
distribution, equityamongpresent and future generatjorsource vulnerability and sustainable
reliability use biological diversity and ecological integrity (Kabat & Van Scha203).

2.2 Integrated Water Resources Management (IWRM)

The Global Water Partnership (2000) defines IWRM as “a process that promotes the
coordinated development and management of water, land and related resources; to orde
maximize the resultant economic and social welfare in an equitable manner withgarbomising
the sustainabilityof vital ecosystems. This definition recognizes thexistenceof water resources
as an integral part of the viability and integritytloé ecosystenenvironmental, economic, and social
good, whose quantity and quality decide the nature of its (HagéE, 1992)

IWRM strategy vas developed International Conference on Waaerd the Environment
(ICWE) held in Dublin in 1992. The following principles emerged to guide global water
management and development effol®WE, 1992):

Principle 1 “Ecological”Freshwater is a finite and vulnerable resource, essential to sustain

life, development, and the environment.



Principle 2 “Institutional”: Water development and management should be based on a
participatory approach, involving users, planners, and patiakers at all levels.

Principle 3 “Gender”: Women play a central part in the provision, management, and
safeguarding of water.

Principle 4 “Instrument”: Water has an economic value in all its competinganseshould
be recognized as an economic good

The Dublin Principles provided the founding of the conceptual framework of IWRM, which
summarized byintegration Decentralization Participation, and Economic and Financial
Sustainability

The first principle of IWRM develops a connection between natural protection and socio
economic growth, so itequires aholistic approachto createcoordination between human
activities that affect water resources in a given basin. IWRM applies this peirtkiplugh the
focus onintegration between all waterelatedindustries To effectively facilitate coordination
between different water sectors, IWRM supports the creation and empowemkrsive
institutional framework that takes account of all characteristics dfdaki.In addition to cross

sectoral integrationthis principle addresseshe need for vertical integration between local,

regional, national, and international water users and institutions(GWP, 20§@e(E.4.

Enabling
Environment
Instituti I Water for Water for Water for Water for
e People Food Nature Industry
Roles

and other
Management i
Instruments Oy WY € J § B

Figure 2.4RBM and its elation tosub-sectors (GWP, 2000)



The second principle emphasszeibsidiarityin order to increase involvement. This concept
is incorporated into the ideas decentralizationand participation The effectivelevel of
decentralizationdepends on the characteristics of the specific water management problem;
therefore, IWRM pursues a good balance between-ddom and a bottommp management. It
also discusses the need for mechanisms to be created to enable particigiasionmaking at
all spatial scales.

The third principle emphasizes the close relationship between sustainarlenaahgement
and gender equity. IWRM applies this principle through its emphasis on empowering women
through a participatory approach and capacity mgldWhile it is critical to change practices
based on gender discrimination to allow women to be involved in decisaéing processes, this
will require a radical change in many traditional understandings of the roles arwadimerefore,
this principlea major positive change from how things often are where women are ignored and it
may take a long time to be met successfully

The last principle emphasizes the significance of economic tools to achieve efficient and
equitable use of water resources anohtinence people’s behavior towards conservation. IWRM
incorporates this principle into its strategies through the concept of economignandidi
sustainability.IWRM places great emphasis on the economic value of water to protect it from
being used umisely or wastefully.lt must be recognized that access clean water and sanitation at
an affordable price is a basic human rjgit governments must provide a certain volume of water

at a subsidized price so that everyone in society can meet their basic domestic needs.

Ecological sustainability

Enabling
environment
&
e‘\k Z
& * Policies %
L -
o i %
& « Legislation o
é"" == " foraand - E Lle_ve\t o’l,,,
e& 4 mechanisms ol action B
) * Allocation for participalic . M 'ment %
o b parlicipalion Managemen (8
‘k{l‘ * Regulations « frtermaticnal boundaries
* Fconomic tools cooperation ¢ Capacity building
Economic efficiency Social equity

Figure 2.5General framework for IWRMGWP, 2000)
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IWRM calls for a broader systemic approach to water management strategy and reform of
current institutions and regulatory systems. However, IWRM does not providesizefies-all
prescription as there are large variations in political, cultural, socialpetgrand environmental
frameworks between nations. The implementation of the IWRM process camtégdéfer from
country to cantry and region to region as there are no blueprints faliall cases (GWP2000).

IWRM offers a practical framework that cle adaped to the distinctly national, regionaand
local context. In some countries, the implementation of IWRM might be complibgteack of

political will, lack of institutional and legal tools, and also lack of humaonueces capacity.

2.3 The Synergy between IWRMand Sustainability

In order to achieve the sustainability of water resources, decrease water smaaqitygent
future water crises, different management approaches employed. However, triadstiayia
focusapproaches to natural resources management have been challenged and criticized since the
1970s andhave proved to be ineffective in dealing with the multifunctional nature of water
(Ludwig, 2001; Ritte& Webber, 1973). IWRM is widely seen as a feasible strategy for achieving
sustainable management of water resourcestrengrinciplesof IWRM provide a backbone to
the process of sustainable water managemians(Loucks, 2000; Mollinga, 2008; Schelwald
van der Kley & Reijerkerk, 2009; Flint, 2010; Grigg, 2011).

The IWRM approach contributes to the sustainable and balanced management and
development of water resources, taking into consideration social, economic, amthraewial
concernsThe integrated approach coordinates the management of water resources across sectors
and interest groups, from local to international, and at different scales. It @rgshparticipation
in national policy and legislate processes, establishing good governance and creating efficient

institutional and regulatory arrangements as paths to more equitable andbles@écisions.

2.4 The Synergy between IWRMand Water Governance

Governance, as we have seen, can be defin#deasum of the many ways individuals and
institutions, public and private, manage their common affairs” (Megar@&unier, 2007). Water
governance is defined by United Nations Development Program (2013) as “[...] the political,
social, economic and admstiative systems that are in place, and which directly or indirectly



affect the use, development, and management of water resources and the deligty s#rwices
at different levels of society”.

Water governance contains the formulation, establishment, and applicatioeiopuolaties,
legislation, and institutions, as well as clarification of government, civil soaerd private sector
roles and tasks concerning water resources and services. The results rely on how théetskehol
behave about thiaws and roles given to them (WGF, 2019). It also determines the equity and
effectiveness of the allocation and distribution of water resources and servicesanugdéhe
use of water between soeé@onomic operations and ecosystems.

The global water rgsis is rarely an issue of physical water scarcity aldnes alsoa
governance issue, and thiéeetive application of IWRM is dependent on the water resources
governance framework. Thstronginterconnectedness of water governance and [W&®I
capturel by the fact thatthe specific design of a governance system affects the denisikimg
and implementation of IWRM” (Ibisch et al., 2013).

Adaptive Management

Due to increasing uncertainties caused by climate and globatesommmmic change, ater
management is facing major challengesaddition, due teheiterative nature of IWRM here is
a need for a change in current water management practices towardexibte and adaptive
approaches. daptive management could besdebedas “learning tananage by managing to
learrt (PahtWostl, 2007. Therefore, daptive management refers to a systematic process for
continuously improving management policies and practicksough learning from the
consequences implemented management strategies.

Adaptive managementincludes defining the management problensetting clear
management goals, developing system models ttiatent understandingraming management
actions as hypothesesnd emphaging learningthroughmonitoring, inforning adjustments to
management practices (Rist et al., 20113)is experimentgbathwayprovides a way for managers
to understand and reduce uncertainty and improve their management policies and fPattices
Wostl, 2007 Rist et al., 2013)Adaptation is also essential at stales, including adaptation by
local governments, businesses, communities, and individuals (Denton et al., 2014).
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2.5 Water Management n Different Parts of the World

This section aims to describdéferentmethod<f water management planniag they hae
been practiceth selected countries. Through this comparative analysis, an understandingrof wat
resource management around the world will be revealed. On thisthassection examines actors
and institutions historical experiencesand geographic contexts in two basinsdeveloped
countries,the Colorado River Basin (CRB) in North America and the Mubayling Basin
(MDB) in southeastern Australias well agwo developing countries Iraand Saudi Arabia in
the Middle East (Figure 2.6). These multiple case study approach helps to illuminate the

importance of the studies’ varying backgrouadsd to understand successful practices that can be
adopted in the water management of Turkey.
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Figure 2.6 The global distribution of water scarcity by major river basin based on consumptive
use of water in irrigatiofAdapted fronFAO, 2011)
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Table2.1 Hydropolitical characteristicef Colorado River Basin, Murray Darling River Basin,
Iran, Saudi Arabia, and Turkey

UNITED
AUSTRALIA
STATES SUADI
(Colorado Da(r'}f':"ggs'in) LA ARABIA VEIRINEY
River Basin) 9
Political Federal Parliamentary | Theocratic Absolute Presidential
System Republic Democracy Republic Monarchy Republic
Population 40 million 3 million 82 million 31 million 81 million
Land Area 629100 km? 1.06 m2|II|on 1.65 m2|II|on 2.15 m2|II|on 785347 kif
km km km

GDP Per $64.77 $55.42 $8.82 $22.51 $8.51
Capita thousand thousand thousand thousand thousand
Agricultural
Water Usage 85 percent 70 percent 92 percent 88 percent 72 percent
Main Water US Bureau of Murray E_)arllng Ministry of Ministry of Mln_lstry of
Management Reclamation Basin Environment Water and Agriculture
Institution Authority Electricity and Forestry
Water-Related | 1922Law of 2012Water 1982Water | Islamic Water| 1926 Water
Law the River Law Law Law Law

2.5.1 Water Management inAustralia (Murray Darling River Basin)

The Murray-Darling Basin (MDB) is situi@d in Southeast Australia and covers an area of
over one million square kilometers, which is equal to 14% of mainland Augffajizre2.7). The
MDB extendsto four Australian states (Queensland, New South Wales, Victoria, amith So
Australia) and the Australian Capital Territory

The Basin is the largest and most complex river system in Australia anddisddinto a
semiarid, summer rainfalominated northern Darling River catchmeaitd a temperate River
Murray catchment ithe south (MDBA, 2017)The Basin contains 23 major river valleys as well
as essentigiroundwater systemblore than 3 million people rely on water from these rivers and
catchments for the survival of their families, communities, and industriesBAVII2017).
FurthermoreMDB contains highly valued watelependent ecosystems, including nearly 30,000
wetlands,and 16 of them are listed under the Ramsar international convention (Overton et al.,
2013). Therefore, it has\atal role in supporting biodiversity famany different animals and

plants (MDBA, 2013
12
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Figure 2.7Geographical map dfurray Darling Basin (MDBA)

Australiais one of the world’s driest countriesdits economyeliesheavily onsustainable
water managemern(Papas, 2018)Future climatechangescenarios suggest drier and more
variable climate with continueathd intensified drought perio@lSSIRO,2008; Pittock, 2013). The
MDB suffers from highly variable rainfghlatterndoth in timeand spaceand the hsin has éong
history d floods andiroughtslts annualaverage rainfall ranges from less than 300 mm in arid
western regions to more than 1500 mm in some eastern uplanchacti®erarealso sometimes
severadroughts (MDBA, 2017). Due to a high rate of evaporation, wahging floodplains, and
a significant number of water diversions for towns and agriculture, much of theesurdder in
the basin does not reach the ocean (MDBA, 2017). Salingggather major basin managerhen
challenge. For climatological and geological reasons, many pafie éfustralian landscape are
naturally salty but human activities can cause salt levelsge (AG, 208). Drought conditions
across much of Southern Australia, saliniyQ G R Y H U (&rénhnReabing toRaQlecline in
the health of thedsin (Garrick et al2014).
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As the most important agricultural region in AustradDB has indeed contributed to
economic growth, but growth achieved by exploiting the region’s water resources has gone beyond
the basin’s rate akplenishment (Williams, 2017). The catchmaetounts fod0%( $15 billion)
of Australia’s gross value of agricultural producti@md MDB uss 52% of Australian water
consumption(Department of Agricultle and Water Resources, 2)1therefore sustainable
development and efficient use of waigcrucialto the long term economic and social wellbeing

of region’s people.

2.5.1.1 Policy, institutional context, and water management practices

Under Australia’s fedetaystem of government, water resource and irrigation development
have been mainly the responsibility of the stat@sh operating with a high degree of autonomy
(MDBA, 2016). The Australian federal government was restricted by its limited constitutional
powers over water and land use (AG, 201R)each state, water rights include a permanent water
access entitlement (the right to receive water each year) and temporary watgioall¢the
physical water available for usend @ch state defines thesghts slightly differentlyto manage
water resources (NWQ@013).

The water management of tMDB has evolved as a response to new economic, social,
political, and environmental pressures. The first planning phase of the MDB had ktarteover
100 yeas due to the conflicts over water use between the states of New South Waleg,Victor
and South Australia. Each state desired to secure the right to use théowisecitizens. After
long-asting (13 years) negotiations, the first wetbaring agrement between three basin states
calledthe Murray Waters Agreemewas signed in 1914. The main items of #jeeement were
a package of efficient watsharing rules, provisions to infrastructure development. In 1917 the
River Murray Commission was establed to administer thegreement (MDBA, 2010). The
Commission was only dealt with the issues related to water quantitysewite drought, and the
salinity problem had arisen within the MDRB in the late 1960s. These problem$uotedrio
minor legal eforms in the River Murray Waters Agreemeant 1982, which extended the
commission's responsibilities to address water quality, environmentaliearehtional issues
(MDBA, 2010). Despite the changes in the early 1980s, the Murray Waters Agreemhétiter
Murray Commission failed to satisfy the needs of the Basin’s management and a&simgr

resource and environmental problems. Therefore, in,1882Murray Waters Agreement was
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replaed by The MurrayDarling Basin Agreemenwhich was gained full gal status in 1993
through the ratification of all jurisdictions. This agreement addressedordinate and promote
effective planning and management so water and land resources could be used in da,equitab
efficient, and sustainable way (Haismd004) Under the agreement, managing the quality and
the quantity of the Basin’s water resources became a priority (MDBA, 20f®e institutions
were established to support the implementation of the Agreement.

9 The MurrayDarling Basin Ministerial Councilwhich was the decisiemaking body

9 The Murray-Darling Basin Commissionyhich was the executive and advisory body of

the Council
9 The Community Advisory Committeayhich gave the Council advice from a public

perspective

MDB Ministerial MDB Community
Council Advisory Committee

MDB Commission

MDB Commission advisory committees and working groups

MDB Office

Figure 2.8The MurrayDarling Basin (MDB) organization under the 1992 Murray-Darling Basin
Agreement (Ross A2016)

Furthermore, The Ministerial Council has developddaenework The Natural Resources
Management Strategyto promote a coordinateahd integrated strategic approach to natural
resource management by governmentsthegublicto overcome local problenfsMDBA, 2010).
Public education was regarded as an essential part of this process. Therefaise tllic
awaraess regarding the significance of environmental conservation and integvatedasin

management, educational programs were conducted.
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In 1995, An audit of water use in the Murr®arling Basin was conducted, whiébund
thatanincrease in water diveons between 1988 and 1994 resulted in a decline in the ecological
health of river system and threatened the abilithefiver basin to support thregion’seconomic
and social sustainability (MDBA, 2010). Based on these findings, the Darling Rassterial
Council introducedan immediate, temporary Cap on water diversions from the Basin in 1996.
Meanwhile, The Basin Sustainability Plan was prepared to trigger the imqbgioa of programs
defined within the Natural Resource Management Strategy.

In 2004,basin states and the Australian government signed the National Water Initiative
(NWI). NWI aimed to achieva “nationally compatible, market, regulatory and planning based
system of managing surface water and groundwater resourcden@sticuse hat optimizes
economic, social and environmental outcom@&sVC, 2011).

In 2007, theWater Act(Cth) wasamended by the Commonwealth Government in response
to the Millennium drought (2062009).The Act was the most critical reform in MDB water
managementyhich identifiedthe need to restore ovasedrivers anddeal witha perceived lack
of cooperation and sharing of responsibility between state governments on how rive veyistiesm
were manage(MDBA, 2010). Therefore, in 28, The Water Act establisdthe MurrayDarling
Basin Authority (MDBA) which has more functions and enforcement power. MDBA received the
responsibilities of the former Murralparling Basin Commissiorand was charged withthe
preparation of a BasiRlan.The pan consisted of the amsssment, measuring, monitorjrand
recording of water resourgggomoting water market rules and water charge, and engagement and
education of the community in the management process. In 2010, the Authority delivered a draf
plan to secure the lorigrmecological health of the MDB. This plan was revised and betawne
in 2012 (MDBA, 2016), and it was scheduled to behangd every ten years; however, the
Australian Parliament extended the first review period to 14 years (Connell, 286 Basin Plan
set sustainable diversion limits or SDLs to ensure themdasgjuatevaterleft in the environment
to maintainthe health ofwater resourcewith healthy and resilient ecosystenifhie Australian
Government has put more than $13 billion towards implementation, including $10 billion to
recover water to meet sustainable diversion lin8BL(s) (MDBA, 2018) About 20% of thevater
available for consumptioten years ago is now dedicated to the environment. -theasand
gigalitres of water hae been recovered ugir$56.7 bn in funds (MDBC, 2017)
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As the leading management authority, the MDBA delivers its functbonbehalf of the
contracting governmentghe Australian Government anstate the government@and the
Australian Capital TerritoryFigure 2.9indicates the new MDB organization after 200¥he
Council has policy and decisianaking roles for state water shares, fundiagd delivery of
natural resource management programs, issues relating to critical human needsled fmoi
the Act. The Basin Community Committee with a chair and up to 16 other menmwugjrig
eight water usersprovides a community perspective on a wide range of water resource,
environmental, culturaland socioeconomic matteasmid advice to the MDB Autbrity and the
Ministerial Council (MDBA 2016).

Australian MDB Ministerial Basin Community
Government Water Council Committee
Basin Official
MDB Authority Committee

Figure 2.9The MurrayDarling Basin (MDB) organization after 2007 (Ross A, 2016)

Implementing the Basin Plan and associated water reforms is defomgnvestment to
which the Australian Government abasinstates are committed. As a continuous refam018,
the Murray-Darling Basin Compliance Compawtas accepted. The compactensures that
Australian and state governments adogionsistentand tranparent approaches to compliance
arrangementand practices across the Basin. The Compact also includes detailed work programs
for each Basin state and the MDBAhe primary developments in the institutional and

management provisiorier the MDB are summazed inTable2.2.
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Table2.2Institutional and management developments in the MeDaying Basin, 1992-2019

Year Institutional and managerial developments

1914 River Murray Wate Agreement

1982 Amendment of River Murray Water Agement

1990 Natural Resource Management Strategy

1992 Murray-Darling Basin Agreement replaces 1914 River Murray Ws
Agreement

1993-1995 | An audit of water use in the Murraarling Basin

1996 Implementation of CAP

2002 Basin Salinity Management Strategy adopted

2004 The National Water Initiative (NWI)

2007 Enactment of Water Act

2008 Establishment of Murray-Darling Basin Authority

2010-2012 | Preparation of River Basin Plan

2012 Murray-Darling Basin Plan becomes law

2017 Five-year report on the effectiveness of the Basin Plan

2018 Murray-Darling Basin Compliance Compact was accepted

2019 State water resource plans revisetine with the Basin Plan; sustainal
diversion limits come imt effect

The management of the basin was initially steised, which emphasized wastraring and
navigation issue®vertime, the decline in the ecological health of the river sysésmvell as the
increase in the awareness of the environmental ss$e@ to the gradual evolution dhe

management system to an integrated and haisia one.

2.5.2 Water Management inWestern USA (Colorado River Basin)

The Colorado River (637,137 km2) stretches from the highest peaks of the Rocky Mountains
to the Gulf of @lifornia and travels over 1,400 miles across a watershed that straddles seven states
in the United States and two states in northern Mexico (Figure. Zh@basin is locatedh the
driest part of the United Stateand it has an arid or seanid climate with an average of@8m
annual precipitationThe water supply relies on gradual snowmelt in the Rocky Moumtaige
and providesoughly40 million people, includinghose in thenajor metropolitan aread Denver,

Las Vegas, Los Angeles, and Phoenix, antribal nationswith freshwater. Moreoverthe basin
irrigates4 million acres of land, provides 4.2 GW of hydropower capacity,odfeis a range of
recreational uses, including 11 National PatkSBR, 2012; USGS, 2019).
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Figure 2.10 Geographical map of Colorado River BastBER, 2012)

Known as thdifeblood of the southwestern United Sta{@grggren, J.2018) the Colorado
River offers extensive resources for human and environmental needs and pigyoke in the
economic, cultural, and political developmenttw regionThe Colorado Rivebasinis at risk of
water shortages due tloe effects of climat variability, as well asising demand. The river has
been ovetused since 1922 for agricultunehich irrigatesapproximately 4million hectares of
farmland, producing 15 percent of U.S. crops and 13 percent of livestock (28BRCastle et
al.,, 2014. In 2012,the U.S. Bureau of Reclamation completiae Colorado River BasiWater
Supply and Demand Studwhich is shown conceptually iRigure 2.11.The studyindicatesa
significant gap between available supply and the expected demandsnofeasing population
and demographic changes within 50 ygalSBR, 202).
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Figure 2.11Historical supply and use and projected future Colorado River Baaiaraupply
and demand (USBR, 2012).

The basin has experienceelverakextendediroughts in the past and has beenpnaddonged
drought sincehe early2000s(Udall & Overpeck, 2017; US Department of the Interior, 2018).
Due to the effect of climate change, the probability of persistent-dedfidal “megadroughts” is
expectedo rise andthe mean flows of the river will gradually decreéaalt et al., 2016; Vano
et al., 2013). Between 2000 and 2014, Colorado River flows averaged five times below the 1906
1999 averageldall & Overpeck, 2017).

Water allocations in the basin receive considerable attention, vehetised orthe basin’s
two largest dams and their storage reservoirs: Glen Canyon Dam/Lake Powell in theBapimer
(26.2 maf of storage capacity) and Hoover Dam/Lake Mead in the Lower Basin (2&)1
(USBR, 2019. Overuse and climate change have led to low runoff from the ColonadoiRto
LakeMead where the highlwater linesits at approximately 1229 feet in elevation. Télsvation
refers to flood controbnd the reservoir is considered operationally full at 1219.6 feet in elevation.
In early August 2018, Lake Meadvater el@ation hovered around 1077 feet, substantially below
operational capacity (USBR, 201®igure 2.12Figure 2.13. Over the past few years, declining

L a unit of volume equal to the volume of a sheet of water ond@df@5 hectare) in area and one foot (30.48
cm) in depth; 43,560 cubic feet (1233.5 cu m).
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water levels in Lake Mad have propelled stakeholders in the upfgaesin states (Colorado, New
Mexico, Utah, Wyoming) and lowdrasin states (Arizona, California, Nevada) to recognize the

urgent need tahange current policies

b Lake Mead

~— Hoover Dam ~<Hoover Dam

-
A

Figure 2.12 The lake near its highest and lowest points over the 32 years (NASA)

1,130 - 0 1 2

1,110 - — 2 01 3 ..

,100 _\\\

1,080 2 0 1 5 L

' s L 2014
1,080 N = N ______,!7._“_,__.——“..f_"”
1,070 l; = * - -record IOW |

2016 Mar May Jul Sep Moy

Figure 2.13 ake Meadwaterlevel from 2012 to 2016 (LakeLevels.info)

Furthermore, a vast volume of groundwater has been depleted from the Colorado River
Basin. According to a US Geological Surveyore than half of the streamflaw the upper
Colorado Basin originates as groundwater (Miller et al., 2016). NASA’s Gravitpveey and
Climate Experiment (GRACE) data for the whole Colorado River Basin over the pedeadiber
2004 —November 2013 indicates the Colorado Basin had lost nearly 50 milliotfiestref water
(65 billion cubic metersy equal to two full Lake Meads. Even more striking, 77 percent of that
loss— some 41 million acreet— was water stored underground (Castle et al., 2014). After 20
years of drought in 2019, the basin experiendsav@average snowpack, but the total system
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storage has increased by just 6 % from 49% to 55% (USBR, 2019), so one good year can’t undo
nearly two decades of drougkithen surface suppliés the basirbecane scarce, farms amowns
will have touse groundater tosatisfytheir water needs, especially during times of drought.

Water demands in theéolorado River basin may result in increasingly
expensive, questionablenddifficult choices to be made Ippliticians,water managers, and their
constituents. fie pressures of meeting theeds othe expanding population in the face of future

severe droughts and uncertain impacts of global climate changigifecant.

2.5.2.1 Policy, institutional context, and water management practices

Geographic differences hawlto a divergence in water rights systems between the Western
USA and the rest of the countiyaterallocation, use, and regulationthe Colorado River Basin
aregoverned by a compilation of decrees, rights, court decisions, and more than 100 laws know
as the “Law of the RivefPrior Appropriatiof” (MacDonnell et al.1995. These laws apply to
seven Western U.S. states: Arizona, California, 2olo, Nevada, New Mexico, Utah, and
Wyoming,as well agViexico that utilize water from the river

One of the earliest laws governing this water supply thasColorado River Compact of
1922 whichdivided the basimto two subbasindgn whicheach part &sallocated the right to use
7.5 million acrefeet annually An additional 1.5million acrefeetin annual flows were made
available to Mexico under a 1944 treaije Boulder Canyon Project ABCPA) of 1928 further
apportioned the Lower Basin allogadi4.4 MAF to California, 2.8 MAF to Arizona, and 0.3 MAF
to NevadaThe Upper Colorado River Basin Compact of 1948 further apportioned the Upper Basin
allocatng 51.75% to Colorado, 23% to Utah, 11.25% to New Mexico, and 14% to Wyoming
(BCPA, 1928).TodayCalifornia is the largest user of Colorado River wéiigure 2.13.

In the early twentieth century, the prior appropriation doctrine was createstablish a
system of prioritized water rights and meet the neédsners, irrigators, and people congregating
within cities in the developing American West (Johns&nDuMars 1989). The Prior
Appropriation System dictates that “first in time, first in the right,” meaning &nkest user of

water source has the rigiat apply it to beneficial use and to exclude others.
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Colorado River Apportionment

New Mexico
6% 59

Figure 2.14Colorado River apportionment (USBR, 2012)

Beneficial usedoesnot generally involve instream flows (leaving some water in the river
and its tributaries for environmental purposes) and Ipaisnarly meant use for industrial,
municipal and agricultal purposes, and recreati¢Boepple, 2012). However, the meaning of
beneficial use has been changing legalynany statessfich a<Coloradg, which also consider
environmental needs and new legislatidesigned to accommodate/drologic and climate
variations. Prior appropriation system has evolved from a highly decentralized system of
individual claims to administrative permitsgulated by each state and granted in perpetuity.

State governments hold primary authority for water planning and allocatidre iHSA
(Hobbs, 1997)The federal government’s role in water allocation stems from its historical positio
financing and operating water inftagcture(e.g.,Lakes Powell and Meadlt also has enacted
and continues to consider Indian water rights settlements involving Colorado Rives. Whtder
the Secretary of the Interior, the Bureau of Reclamation (USBR) igrih@ary authority
responsike for themanagement of water deliveries and dperationof the dams and reservoirs.

From the early 1900s to the end of the 1960s, water resource development, principally for
the agricultural sector, and western settlement was actively encouragedduetiaé government
through incentive programs (Turral, 1998).

In 1968,the Colorado River Basin Project Act directed the Secretary of the Intestudy

longtermsupply and demanavailability and promote a plan to meet the future water needs of
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the American West. In 1975 a subsequstudy revealed that the natural water resources of the
Colorado River Basin would be inadequate to meet the expanding demands of the basin, thus
leading to future water deficit (USBR, 2012).

In 1972, the federal goverrant passed the Clean Water Act, which mandated efforts to
develop and preserve water quality standards in the United States. Meanwhitm &ekthe
United States engaged in discussions to address the issue of the increastggogatiaiwater
reaching Mexico’s borderin 1974, the seven basin states established water quality standards for
salinity through the Colorado River Basin Salinity Control Forum (USBR, 2012).

The National Environmental Policy Act (NEPA) is a piece of U.S. federal l&gisjaigned
into law in 1970 that governs aignificantgovernment actions that may alter the environment.
NEPA mandates that any federal agency prepare a sdiased Environmental Impact Statement
(EIS) before performing anwork that may significantly affect the quality of the environment
(Lindstrom & Smith, 200)L In 2000, the USBRreparedn environmental impact statement (EIS)
to provideinterim surplus guidelinefr the usageof water among the lower basin stasesl to
identify the potential envimmmental effects of implementing such guideling$ [Department of
the Interior, 2002 This statement is proposed to provide a higher degree of certainty to Colorado
River water users and managers. The statement delivers detailed and objextivatiohfor the
operations of Lake Powell and Lake Mead, thereby letting water users in tlee Bagin know
when, and by how much, watsupplieswill be decreasedn drought and other low reservoir
conditions (US Department of the Interior, 2002)

With eight years of unprecedented drought between 1999 and 20@age in Colorado
River reservoirs decreased fratmostfull to less than 55 percent of capacity, which increased
tensions between river basin statdSBR, 2007) In 2007, the Secretary of the Interior adopted
interim guidelines to provide temporary guidance on shortage management in the Colorado Rive
Basin. Under the Interim Guidelines, Powell’'s and Mead'’s operations are cowdj@ad/VRM
in the basirhas become more integratédiSBR, 2007).

In 2012 the Bureau of Reclamation's Upper Colorado and Lower Colosgions
completedthe "Colorado River Basin Water Supply and Demand Studyis studywas a
significant step in developing a comprehensive plan to address the risks posed bgcesbala
betweenthe Colorado River water supply and water needs in the basin (Wheeler et al., 2018).
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There are some other actions and legislation which affect water management obtadd ol

River Basin. A summary of major federal and interstate actions of whick there many

happening at the state/local level throughout these decades, can beTsddar.

Table2.3 Colorado River managemeiméline

Year Colorado River Maagement Timeline

1922 Colorado River Compact was signed

1928 The Boulder Canyon Project AdAll states, except Arizona, ratify the Coloral
River Compact

1944 Mexican Treaty signed whereby the U.S. commits to deliver 1.5 milliorfaet¢
of ColoradoRiver water annually to Mexico

1945 The Colorado River Water Users Association formed

1948 Upper Colorado River Basin Compact signed by Arizona, Colorado, New Mg
Utah, and Wyoming

1956 Colorado River Storage Project Act authorizes constructio®leh Canyon
Flaming Gorge, Navajo and Curecanti Storage Units

1965 Western governors establish the Western States Water Council to avoithie!
conflict by developing regional solutions to water problems

1968 Colorado River Basin Project Act authmas construction of the Central Arizo
Project and six Upper Basin projects

1969 National Environmental Policy Act was signed to give full consideratio
environmental impacts of all projects

1972 Clean Water Act was passed.

1992 Ten Tribes ColoraddRiver Basin Partnership foed and formally joineg
CRWUA. Theten tribes arethe Colorado River Indian Tribes; the Jicari
Apache Tribe; the Chemehuevi Indian Tribe; the Cocopah Indian Commiinei
Navajo Nation; the Northern Ute Tribe; the Fort Mojave Indian Tribe; the Qne
Indian Tribe of the Fort Yuma Reservation; the Southern Ute Indian Tribe; a
Ute Mountain Ute Indian Tribe.

1993 Central Arizona Project construction completed

2000 Environmental Impact Statem¢BtS) was completed

2001 Arizona and Nevada Water Banking Agreement signed

2007 The Colorado Basin States Record of Decision was signed. Secretary of the
adopts Colorado River Interim Guidelines for Lower Basin Shortages
Coordinated Operations for Lake Powell araké Mead

2012 U.S. and Mexico enter Minute 319 to the 1944 Treaty establishing criteria tg
in water surpluses and shortages

2012 Colorado River Basin Water Supply & Demand Studgs released.

2014 Environmental pulse flow and baseflow, allowed by Minute 319 to the
Treaty, are released through the Colorado River channel in Mexico to sta|
vegetation for wildlife habitat

2019 Reclamation and the basin states announced finalized drought contingenc

\
2cha
nd the

It new

(DCPs) for the Upper and Lower Basin
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After 20 yearof drought and demand for water outimgcsupply for the past two decades
seven western states agreed on Drought Contingency Plans in May 2019. If the DCPs are not
finalized, the Department of Interior may implement additional curtaiisnentside of the
framework of those plans (USBR, 2019). These plans require states in the upper abdsavege
of the Colorado River to map out ways to ensure enough water remains sPoakal and Mead.
These plans represent excellent collaborationrdination, and compromise from the basin states,
American Indian tribes, and Mexico. DCP represents a historic achievement for #re wat
management of the Colorado River Basin, allowing states to manage the river goctmat i

continue to support growing populations, agricultural economies, and the environment.

2.5.3 Water Management inSaudi Arabia

Saudi Arabiawith a land area of 2.15 million square kilometesshe largestountry in the
Gulf region andcovers 80% of the ArabidPeninsula (World Bnk, 2015). According to th2014
census, there were 30.77 million people in the country (Ministry of Economy and Planning, 2014)
andthe populations expected to reach 37dllion by 2025 (GAS, 2010). The population growth
rate is calculated at 3.7%rfthe period 1982017, with 23 years doubling time (World Bank
2017).
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Saudi Arabiais located in an arid regiowith limited arablelands andlimited water
resourcegChowdhury & Zahrani2012a). Over40% oftotal landmass is covered by desert, with
a range of mountains that ryparallel to the Red Se#&ifure 2.15. Despite being one of the
wealthiest nationglobally due to swift economic growth apdosperity from oil (Ng SW edl.,
2011), Saudi Arabia is one of the poorest countries in terms of natural renewadni@esources
(FAO). Saudi Arabia has no reliable and adequate sukfeter sources. It ha®mperennial rivers
and precipitation igleficient The averagdéong-term rainfall is aboutl44 mm per yearThis
average, howevehjdes wide regional fluctuations. The rainfall varies from 20 mm per year in the
north to 500 mm in the south (Chowdhu&\Al- Zahrani, 202). Many experts reported thiaiwv
rainfalls and less precipitatiomere unable to recharge deep surface wells and aquitarsing
substantial variability (Darfaou& Al-Assiri 2010). The sources aralso associated with
uncertainty due tthe effect otclimate change (Chowdhur§ Al-Zahrani, 2018

The countryhaswitnessed comprehensive developments accompanied by rapid population
growth due to the high crude oil revenue since the early 1970s @atla&2014a). This situation
has resultd in asubstantiaincreasen domestic, industriabind agricultural demands. The country
also has awutstandingstatus as a center for pilgrimage, which every year sees more than three
million people from all parts of the world gather in Mecmad at least another temillion visitors
perform the Umrahnjinor gigrimage) at other times of the year. Religious tourieads to
multiple peaks and valleys in terms of water dem&aaldi Arabia’s water withdrawals exceeded
20 billion m*in 2010, and domestic water consumption has been rising at the 6&tepef annum
since the 1980 (Ouda,2013), makingSaudi Arabiathe thirdlargest per capita water user
worldwide (Ouda2013). Mismanagement of waterse in the agricultural sectbetween 1980
and 2008(Chowdhury & Al-Zahrani, 2015)and the rapid growth of water demandedio
population growth religious tourism,westernized consumerisbased shift in lifestyleand
changes brought about by climate chahgee created a significant imbalance between water
needs and the availability of renewable water supplies (Tad)e

Saudi Arabia, the world's biggest country without lakes or rivers (Llamas 8&udas2002;
Darfaoui & Assiri 2010), draws more than 80% of its water supply froon+enewable

groundwater (fossil) aquifers (Figure 2.16) (Mahmoud & Alazba, 014
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Table2.4Saudi Arabiavaterdemand &supply in 2010 (Adapted aft€@uda, 2014aOudag 2014b)

Water Sources Mélllon Water Demand Mélllon
m°/year m°/year

Groundwater 3850 Domestic 2063

Surface Water 1300* Industrial 800

Total Conventional Sources 5150 Agricultural 15000

Treated Water 240

Desalinated Water 1050

Total non-conventional Sources 1290

Total Yields 6440 Total demand 17, 863

Demand vs. Supply Gap =11423 million styear

*Variable depending on precipitation pattern

Renewable and nerenewable groundwater withdrawals primarily serve the agricultural
secto, with the domesticand industrial sectorsicreasingly dependent on capital and energy
intensivedesalinatiorandtreated wastewater (TWW) (MOEP, 2010hese resources are rapidly
depleting due to excessive use and limited replenishraeperts estimat that fourfifths of the

Saudis' "fossil" water is how gonkloreover, contamination and the encroachment of seawater

create potentiadeverahreats to the quality of this dwindling resource.
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Figure2.16 Historically sectoralwaterdemand andiutureprojection MOWE, 2012)
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Past administrations dedicated their best efforts to build the Kingdom’'s majer w
infrastructure, paying little attention to base resource management ¢esassessment,
monitoring, planning, allocation, protectipmnd enforcing). Thus, neglecting efficiency and
management of water use created many of the problems that the water sector facesenday, ev
threatening the very existence of the resource.

2.5.3.1 Policy, institutional context, and water management practices

The Kingdom of Saudi Arabia is an absolute monamtily The King of Saudi Arabias
the source of political power in the countpjays executive, legislative, and judicial roles and has
the final say in matterd’he Saudimodel of law is derived from the larger umbrella of Islamic law
(Shari'a) @l-Suwaidi, 1993). Decisieomaking hastraditionally been consultative, bringing
together royalfamily members to confer among themselves and with technocratic advisers.
Informal advisory institutions also play an essentiale. Open, regular diwaniya or majlis
gathering, informal discussion sessions hosted by influential citizens, are objigatong seior
royal family membergRoyal Embassy of Saudi Arabia in Washington, DrCd,; Anderson
1991).

Saudi Arabia has no specific walaw; in fact, laws, regulations, and fatwa were developed,
underlislamic law, to resolve water management issues, including measures to reduce national
water demand and enhance available water supplies (MOWE, 2012). Shariazescogtier as
the main component of the sustainability of a nation's life and security (Abderra@fH),
Islamic Law state that “God owns land and water, and his servants (mankind)shi@¢aits
utilization based orheir capabilities and need$MOWE, 2012).

Watersupply services in Saudi Arabigerecontrolled bythe public sectornamely by the
Saudi Ministry of Water and Electricity and its affiliated regional water diree®tantil 208. In
2005,the Ministryof Water and Electricity (MOWEas established, and MOWtitovided the
Strategic Transformation Plan (STP) to introduce prigaigtor participation in water and
sanitation (MOWE. In 2016, the name of the Ministry of Agricultunadbeen revisedo the
Ministry of Environment, Water, and Agriculture. Thtnistry of Environment Water and
Agricultureis responsibléor developing and applying policies that contribute to achieving water
andfood security Under this ministrythe National Water Company (NWC)ascountale for

providing highquality water, wastewater & environmental serviceeffcient costs while

29



empowering people, protecting the environment, enabling sustainable development, &iming a
providing water and wastewater treatment services by the latest international staY&((C]

2019. Consequently, the NWC signed management contracts with two global water manage
companies to support their operations.

SaudiArabia faces severe water challenges and needs to achieve sustainable development
in its harsh environment. Before 1970, agriculture was practiced on a small scale. In 1980, the
country began placing greater emphasis on agriculturachievedselfsufficiency in many
agricultural commoditiesind became the sixth largest exporter of wi{gatery, 2018). The
farming systems causedatical depletiorof the country’s water resources, drawing mainly from
nontenewable aquifers (ABhayaa et gl2012; Baig& Straquadine 2014)In 2008, to be a
sustainable water user, Saudi Arabia made a sharp policy shift and fully impiéelnaegphaseut
of wheat by 2016 to conserve its drying fossil water resources. To ensure food secuiynthe c
entirely relies onmports of wheat, rice, and other food commodities (WTO, 2016; FAO, 2016).

In the country, equitable access to basic public services is among the goals of the Ninth
National Development Plan (NDP) and has also been enshrined in the country's Vision 2030
(Government of Saudi Arabia, 2016).

Compared with other countries in the Middle East, Saudi Arabia is fortunbeedbleto
make progress in addressing the growing water defieanchterdue toits economic stability and
prosperity With the lack ofreshwateresources, théesalination of seawater is one of ksading
solutions to the water cristd the country. The Saline Water Conversion Corporation (SWCC) is
in charge of operating the country's publicly owned desalination plants. Saudi Arabiatisenow
world's largest producer of desalinated water, producing about 30% of the glob&bvetab
million cubic meters per dafCaldera et al2017).In January 201,8&heMinister of Environment,

Water, and Agriculture announcebat Arabias planningto construchine desalination plantkat
costmore than SR2 billion ($530 million) on the Red Sea coast. The plants will have a@ycapaci
240,000 cubic meters (c.m.) of water per day and are planning to ifinisks than 18 months
(AlbawabaBusiness2018).Although energyintensedesalination is a globabncern, Saudi water
managers havestarted to considepther alternative adaptation methods that are not only
sustainable but also affordabkeajenthira et al., 2012Carrington, 2015Clark P 2015)because
petrochemical and desalination plants use 25 perceahdiblmost the entire gasoduction of

country Amery, 2018 UNDP, 2014. Projects are underway to replace municipal wsigply
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systems and improve drainage and wastewater networks an oi#gs.The government is also
encouraginghe adoption of new technoli@g for operating energy intenshagesalination plants
such assolar and nuclear powekdjenthiraet al., 2012UNFCCC, 2018.

Furthermore, th&audigovernment has encouraged thase of treated wastewater (TWW)
for irrigation purposes (Chowdhur§& Al-Zahrani, 2015). TWW reuse is more costian the
groundwater, but it costs mutdss than desalinatiomhe Saudi National Water Company (NWC)
is planning to invest $23 billion iBaudi Arabia’s sewage collection and treatment infrastructure
over the two coming decades aaiths to achieve 10percentuse of treated wastewater by 2025
(Saeed 2010JNDP 2014;Quda, 2016).

In order to reduce the domestic water demand in Saudi Arabia, water comirol a
conservation measures have been introduced since the 1990s (MOWE V2&tE2 tariffs were
introduced to enhance people's awareness of the value of water production (MOWE, 2082). Sinc
Islamic laws have a strong influence over sociggudi Arabian government encourages imams
to spread messages of environmental protection and water conservation to eaEsgessvin
Friday sermons by connecting these practices to Islamic history and theologyy (A0t&r
Amery 20®). As a recent reformn March 2019, MEWA launched th@atral{Arabic for
‘droplet’) program topromote themportance of water conservatiofhe programrequestthat
citizensreduce their water usage, which is n2@8 liters per capitger day (double the world
averagg to 200 liters per person per day by 2020 aoti50 liters by 2030Qatrah programims
to change the behavior of individuaiaise water awareness, sustain water resources, and optimize

water resources through rationalizatidviaterWorld, 2019).

2.5.4 Water Management in Iran

Iran, with atotal area of roughly 65 million square kilometerss the secondargest country
in the Middle East and borders the Caspian 8eersian Gulf, anthe Gulf of Oman(Figure
2.17). With anapproximatepopulation of 81.16 million, 30 million of whom have been added in
the last 20 years, Iran is the second most populated country in the Middle East aftéW\eghpt
Bank, 2017). Bpulation growthis anticipatedto slow over the coming decades, although the
populationis predicted to hit 100 million in three decades (Worldh&KL7 Worldometers,
2019.
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Figure 2.17 Geographical maplcdn

Agricultureplays a essentialole inthe sociceconomic development of Irawhich uses
more than92 percent of available freshwatéaatsaz, 2019). It accounts f® percent of he
Gross Domestic Product (GDP), Ppércent of employment, more than 80 percent of food
requirements, more than 30 perceftnonoil exports, and 90 percent of raw materials for
industries (World Bank, 20B8FAO, 201§. Currently, about 45% of the total water demand is
satisfied through surface sourcaad the other 55% is from groundwater (Madani et24l16).
Sincethe 1960s, there has beestaadyincrease in the number of irrigation wells andah&unt
of water pumped, which has led tdecreasindevel of groundwater in many aquifers and affected
the health of surface bodies across the country (Nabavi, 200 the last 20 years, Iran has
become the world secondargest groundwater miner after Ind@nstituting 15.4% of global
groundwater depletion for irrigation (Dalin et al., 2017).

Furthermore, owing to the traditional method of irrigation and wiséeder systems, the
efficiency of irrigation water use varies betweefddnd 36%(Madani, 2014)which is far lower
than 76-90% irrigation system efficiency of the most developed countries (FAO) ZlHidrefore,

a significantfraction of diverted water is lost to evaporation and percolation (Abbaspolr et a
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2009).Also, the number of middle and small size dams have been increased exponentially and
reached appromately 450 and 340 still on a plan since 1979 (Mad#bii4). The environmental
conditions anceffects are not considered for the most dams have been constructed in Iran. Dams
and water transfer plans have profoundly changed the country’s landscape &am@dtosystem
loses.Because of Iran's dam policy, lakes and rivers have dried up, several wetlandshecross

nation have become wastelar{ggyure2.18).

Figure 2.18The 415-yar-old Si-o-seh Pol (The Bridge of 33 Arches) in Isfahan (Abadi, 2019)

In the northwest of the country, Lake Urmithe largest lake in the Middle East and the
secondlargest hypersaline lake has significantly shrunksaa result of frequent droughts,
aggessive upstream water use, diversiamg overpumping of groundwater around the lake
storage(Figure2.19 (Fathian et al. 2014; Khata&iBerndtsson, 2013Sima& Tajrishy 2013)

The fateof Lake Urmia is beinglsared by much of Iran. Urmia is not the only drying water body,
andthere are other lakes and wetlands \Wwhiave lost their health due to both climatic conditions
and mismanagement althoulgan has been committed to presegthese water bodies undeeth
well-known Ramsar Convention of 1971 that recognizes the wetlands’ fundamental ecological
purpose as well as their economic, cultural, recreational, and scientific yBladslab etal.,

2014; Kaffashi et al., 20)1
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Figure 2.1%aellite map of Lake Urmia

Moreover, theover-extractionof water from Iran’s aquifers has resultedeixtensivesoil
erosion( 4 billion tons), which costs morthan Iran makes in oil and gas sales comb{iMamlisavi,
2005, @&deghi etd., 2015 ). Recently, declining access to clean water and electricity has
contributed to a rise in protests in a different part of the country (Badavdl). Z20fese challenges
led people to immigrate big citigghich puts additional pressure water infrastructure in sizable
cities, especially the city of Tehran, which already consufie%oof Iran’s drinkable water
(Badawi, 201%.

The water problems in Iran armimerous andrucial to leave any doubt about Iran is
experiencing a looming water crigiladanj 2014).Iran is the 4h most watesstressed nation
(World Resources Institut@019).

2.5.4.1 Policy, institutional context, and water management practices

Iran has @roadlegal framework guiding water resource management and environmental
management and protectiotran’s constitution (art.44. 1980) states that “the preservation of the
environment, in which the presemis well as the future generatiohayve a right to flourisinig
social existence, is regarded as a public duty in the Islamic Republic. Econdratb@mnactivities
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that inevitably involve pollution of the environment or cause irreparablegeno it are therefore
forbidden.” Based on this constitutidhge protetion of the environment is a public obligation.
According to Iranian laywvater is public property anfdlls under theresponsibility ofthe
government. fe first water law in the Islamic Republic of Iran vpassedn 1982. Based on this
law, allocatig andpublishingpermits towater usagdor agricultural,domestic,and industrial
reasongs the responsibility of the Ministry of Energlyurthermorethe use of water resources
requires obtainingwater usdicense (Alasti, 2013)1982water law also states thaatermined
from groundwater resources mustfblowing the crop wateneedand proposed cropping pattern

in each region

Table2.5Important legislation that is relevant to water management

Date Legislation

1968 Nationalization of Water Resources Act (1968)

1968 Law for the Establishment of Companies for the Development and Utilizati
Lands Downstream from Dams

1974 Environmental Protection and Enhancement Act

1974 Law for Endangered Species of Wild Fauna and Flora

1975 Law for Protection of the Natural Parks, Protected Areas, and Sensitive A

1980 Land Acquisition Law

1982 Law for Proper Use of Water Resources

1984 Law for Environmental Protection Against Water Pollution

1989 Law on Economic, Cultural, and Societal Development

1991 Law for Protection Against Natural Environmental Damage

1991 Law for Environmental Protection and Development

2005 '‘Water Independence of Provinces'

2010 Ta'een Taklif [determining the status of wdnsed wells]

Iran has also taken several measures to enhance international cooperatiofatiathtoe
environmental affairs and has accepted international legal responsithtieglhering to a
substantial number of international conventions.

Thelran Ministry of Energy(MoE) and affiliated authorities play tleentralrole in water
management. Within the MoE, the Deputyship for Water Affairs is responsibledadinating
the planning, development, managememtd conservation of water resourcesisTiministry
consists of the following sections: Water Resources Managemgmir@bon(WRMC), Irrigation
and Drainage Operatiprand Maintenance Companies (O&Mjrovincial Water Authorities

(PWA).WRMC is theprincipalinstitutionthat manages all wategsourcesvithin the MoE, except
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drinking waterdeliveryfor rural and urban aredstigation, drainage development, and operation
in each provincare under the responsibilities B¥VAs. Drinking water distribution isinderthe
obligationof provincial wder and wastewater companies (MoE, 2019).

Other mnistriesthat have responsibilitiesegardingwater management aMinistries of
Agriculture, Roadsand Transportatiorhlousing and Urban Develogent,Industries and Mines,
Interior, Health, and Departmeoitthe EnvironmentThe Water Resources Supreme Coumals
established taollaborae and coordinabetween thassociatedhinistries andrganizations All
associatedninistriesand organizationsas well as parliamentary representatives pareof this
Council. I the parliament, different committees on wateatural resources, agriculture,
budgeting, and development, supervise management activitieedHan (Ardakanian R.2005).

Historically Persian(lranian) Empire’s water management ski&re legendary. For more
than 3,000 yearsPersiansavoided overabstractingaquifers by relying ororiginal pieces of
infrastructurdor operatingsnowmelt throughnderground channel&igure2.20). Qanatstartsin
the mountains and carswater downwards to the plains by gravity, to peopldtg, 2002 Balali,
2009).In Iran alone, there are more tha2000 of themspanningmore than 27500 kilometers
of underground channelBalali, 2009). Theganat irrigaion systemrelies on experimental
hydrology andndigenous knowledge. It wésoadlyused forvariousreasons. Firstf all, ganats
require no power source other than gravitigdepthe water flow Second, water can bansported
overvastdistances thnagh theséniddenchannels witlsmallevaporation losses and little danger
of contaminationThird, thewater flowin aganat isproportionalto theavailable quantityin the
aquifer and, itvell maintained, anthese irrigation canals could provide a religasupply of water
for a long time(Haeri, 2006).Finally, it is not only an engineering wonder but adssocie
technical systenQanats reflect collective and cooperative wdrkother words, Qanat systems
are closelytied to the localpeople andheir ability to planand manag their water resources,
particularly for agriculture(Balali, 2009) The traditional sustainable groundwater withdrawal
through ganats is no longer feasible. Sinylamany springs most ganats have dried up, losing the
hydraulichead battle to deep wells (Madap014).
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Figure 2.205tructure of a Qanat system.

The Land Reform Act of 196shiftedthe whole organization of thveaterproduction system.
Subsequently the [land] andwater resources management system has become primarily
technologyeriented (constructicoriented) since the 1960s (Ardekanian, 2005). The Islamic
Republicstartedto build new networks of water transfer pipelines and charmmelshundreds of
dams The Iranan governmenhasbuilt more thard00 damsand another 300 dams undsudy
(Madani et al., 2016 ). Irahas damaged large number of aquifers and alluvial plains aad
blocked the rivers that fed these aquifers through its compulsivédaaing. Therefore farmers
startedo drill deeper wells to reach the natural water tables thatsteaeily sinking. Since 1979
the number of wells in Iran has climbed from 60,000 to almost 80CRa@hly 430,000 of these
wells were illegal, and the water tablare now on eritical level(MoA, 2019).

Moreover, the governmenieglectedthe participation of farmersscientists,and non-
governmental organizationgheir perceptionto carry outand controlirrigation and drainage
projects hae been oriented tohe physical aspect@Balali, 2009) The situation has been
exacerbated by the structural reforms of President Ahmadinejad that changedatédre
management boundaries from watershed to political (provinci@ating competitioamong the
provinces to manize their immediate gains from the shared water systems (Zarezadeh et al.
2013).

In order to support food security, improving the productivity of irrigated aguicultas been
a priority for the government of Iran since 196@1ouzani &Karami, 201). Despite increased

institutional investments idam building, lowinterest loans, and various policytiativessuch as
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subsidized agricultural water and energy (Banilenko et al.2014),most water management
strategies are not satisfactgeshavarz et al., 2013; Madani, 2014; Moazedi et al., 2011).

Recently, he new government ofdn admits water security as a national concern at the
moment and is trying to address some of the more evident water problems iminethate
response to the problem of water consumption, the government is increasing the mumber a
capacity of desalinizain plants along the Persian Gulf. While this currently goes mostly
towardindustrial use it can be expanded to sustain agricultusalf-sufficiency. However,
transporting desalinated water inland, which requires pumping it to high altitudesengy
intensive and, therefore, expensive (Badawi, 2019).

2.5.5Lessors learned from the international management approaches
2.5.5.1 Analysis of the Murray Darling River Basin Water Management

The MurrayDarling Basin (MDB) in Australia is an excellent model for other countries to
learn from their successes and failures and offer many lessons for developingsdantreate
more adaptive, integrateslater management systems. The MDB institutions and local people
have dealt with challenges such as floods, salinity, climatic variabilityermibm drought,
nutrient pollution, and oveallocation between competing uses. These challenges provide policy
windows for creative solutions, but also opportunities to be resilient and safficult
conditions. Therefore, by learning from the past and navigating-tffglewater policy in the
MDB has been integrated and framed with the basale approach.

The Water Act (2009 and the MurrayDarling Basin Plan(2012, represent a great
achievement in the international history of water managembatBasin Plan i@ comprehensive
framework and an essential early milestone in what will be a long joulmeygovernmental
agreements have establishedratitutionalstructure at the river basin le\®DBA, MDBC) and
provided basirwide coordination.The roles and responsibilities of these institutional structures
can beidentified with legislative toolsThe MDB's continuous reforms have succeeded in
establishingcollective managemerand participatiorby working with states, water managers,
industry, and community group¥atural resource management awareness, skills, knowledge, and
engagement across theslahas increased through the provision of workshops, funding, support,

and collaboration. Thus, the number of volunteers and citizen scientists has thtoessist with

on-ground works and communitgonitoring (MDBA, 2019)Thesecharacteristics of thplanning
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processes make them holistic, participatory, and strategic; therefore, thetisfgrireaimportant
principles of IRBM and can be adapted by Turkey.

The water management of tMDB has been a succestory in many respecisbut new
challengeshave emergedAlthough billions of dollars have been spent on water reform in the
Murray-Darling Basinmore than a decadeom adaptation othe Water Act (2007) and more
than fiveyears 2012 Basin Plan, the environmental targets (seekingremse seam flows for
environmental purposes), little has bedaliveredto dateregardngEDVLQ(VFDOHalHQYLUR
improvements (Grafton, 201%/entworth Grouf2018). Insufficienenvironmental improvements
atthe asinscale aréargely dtributable to the lack afoherent and consistengiporting and public
scrutiny of key decisions, expenditures, and actions (Grafton, 2019).

The ongoing management reform of the MDB continues to challenge all parties to
accomplish optimization for varisuoutcomes. 3V EURDG(VFDOH ZDWHU UHIRL
universally, the MDB serves aswndow into some systems that might emerge and the challenges

in working within them.

2.5.5.2 Analysis of the Colorado River Basin Water Management

Federal river systems “within or sharegldfeder&political structure” (Garrick & Stefano
2016 such as the Colorado River Basin provide an opportunity to understandleveillti
governance challenges to sustainability as well as opportunities to enhargiendeaking
mechanisms/Nater manageent in the U.S. is highly decentralizédthough the Secretary of the
U.S. Department of the Interior is the official in charge of U.S. water mattgts¢gs minimum
drinking water standards and establishing water quality regulations), the sevesiate$ are
involved consulted regularly and have substantial input into decisions made abouts@iece
management. These consultations extend across the border to Mexico on internsttaral
The management of the Colorado River Management system is truly seen as a shared
responsibility.

The mainfactors that influence water management processin i@olorado RiveBasin
are water resourcegtheir availability and thePrior Appropriation §stem (Law of the River) of
water allocation. This systemorks fine when there’s enough water to go around; howewer, t
critical policy problem facing Colorado authorities is how to make beneficial use oftteth

ecosystem and humannsumptiorwhile upholding the legal rights of senior water usétistoric
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agreementgthe 1922 Law of the River, Prior Appropriation, among othbes)e led to over
allocation while climate change, ongoing droughts in the past (19 years), and growing water needs
of local populations continue to put increasing pressure on basiater resources yielding
possibilitiesof prolonged water shortages in the future.

With the Colorado River Interim Guidelines (2007) for coping with water shortagdater
the Colorado River Basin Water Supply and Demand Study (2012)aBuofeRechmation
defined current and future imbalances in water supply and demand in the Basin over the next 50
years (through 2060), and began to develop and analyze a wide range of adaptation dimhmitiga
strategies to resolve those imbalanceSERB, 2012).Key playergstakeholders in the basin states,
the U.S. Fish and Wildlife Service (USFWS), National Park Service, Western Power
Administration, federally recognized tribes, conservation and recreation zagans, water
delivery contractors, among otis¢ in the basinunderstand thatlimatic changes, ongoing
drought, and increasing demand on water resources will creatéomgtterm cri€s, necessitating
their cooperation in ordep find solutions tdifficult problems States and municipalities have
sponsored innovative conservation, landscaping, and educational programs to begin curbing the
effects of these challenges in addition to increasing interstate coopecatmunication, and
collaboration between the scientific and water management coitresun

In May 2019, a new drougitbontingency planwvas signed bgeven U.S. states, as well as
Mexico andNative American Tribegequiring all signatorie® standy conservation rules when
flows subside, instead dight for the last dropsAlthough DCPis an excellent plan for
conservation and cooperatiahgere’sstill a lot more to be done, such as rainwater harvesting,
energy conservation, reuse, inland desalination, increasing agricatficencies, increasing
awareness of water for ecosysteracheand investments in more advanced treatment technologies
to protect the Colorado River’s limited water supply.

Despite the complex historical agreements, the Colorado River Basin water managem
a good example of adaptive and cooperatnamagement

2.5.5.3 Analysis of Saudi Water Management
Saudi Arabiaprovides an illustrative example of how poor water managememd
unsustainable human activiban have severe consequences for the water sector, especially as

climate chang@uts a strain on the availdity of water resources.
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While oil revenuerises and fallsthe decadesld policy requiring food selbufficiency has
come at dremendous price due to the depletion of-nemewable groundwater at an alarming rate
(Brown, 2012;Amery, 2015). As both a aterscarce and oitich nation, Saudi Arabia also
provides an example of adaptation and mitigation to harsh environmental conditions and water
scarcity, which can be very costly. To meet the @vereasing water demanthe kingdomhas
invested$25 billion inthe construction and operation of desalination plants over the last 80 years
(CSIS, 201). It currently produces around 1 billion cubic meters of desalinated seawater a year
with an average cost of 0.80 US $/ (@uda, 2013)Because the desalinatiprocess is energy
intensive, Saudi Arabia has started to consider switching from asimgentional energy sources
to mae sustainableenewableones such as solar and nucld&ajénthire et al., 2012; Carrington,
2015; Clark P 201% Furthermore, the amtry has enacted a policy that is focused on greater
capture, treatment, and reuse of wastewater.

The Saudi government is in charge of providing clean water to its citizens as a public good
(as opposed to defining water as private property). By develagsglination plants xpanding
water recycling processes and infrastrugtorgsourcingvheat and foddeprodudion, and now
investing in the development eblarpowered desalination planSaudi Arabia isvorking hard
makesure domestic water resources will be available and accessitlle foreseeable future.
Furthermore, the private sectior Saudi Arabia has recently been given more opportunities to
engage as partners in the implementation of desalination plants @nribute financial support
to water management.

Achieving sustainable water management is especially challenging because of the severe
scarcity of freshwater supplies, harsh climatic conditions, and the absence of public padicipati
in waterrelated decisions. To achieve a siumthle level of water consumption, technical
measures should be coupled with #iechnical initiatives, including public awareness campaigns
and objective analysis for water pricing. However, due ésternized and consumerisrased
shiftsin lifestyle, wasteful waterconsumption is common in the Kingdpand widespread public
awareness regarding water scarcitg hat increased amonte public yet (Ouda2013). Saudi
Arabia is still the world’s thirdargest consumer of water after the LaBd Canada.

Although the&kingdomhas put too much emphasis on watepply management in the past,
it has started restructurintg energy and water sectaiadis moving towardssustainable and

integrated water management and wa@relopment program that emphasizes conservation and
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efficient use of existing wateesourcesAll these are positive steplsat, if maintained, will help

put the country on a more sustainable path.

2.5.5.4 Analysis of Iranian Water Management

For thousands of yeatsanian Civilization thrived despite the limited water supplies in their
region.This was achievethrough innovativevater harvesting techniqudsatmade farming and
food production feasible in a watscarce region of the world in ancient timeawever, Iran
today provides a good example of how decades of mismanagement and unfavorable climate
conditions have intensified the water crisis.

Iran’s water policy management has been mainly focused on sopgpiggement
(Yazdanpanah et al., 2013; Yazdanpanah et al., 2015; Boazar et al., 2019). The development of
massive water transfer projects and numerous dams have amounted to a considerdhltaspart o
development before also considering the dynamic relationships between the watenmesmnt,
and ecosystem components (Mirchi et al.1@0Madani, 2014). The desire for food self
sufficiency has encouraged an expansion of cultivated areas and infrastroaiasetlae country.
While the Iranian agricultural sector consumes up to 92% of freshwater resdlecesiciency
has remained vgrow due to outdated farming technologies and practices. The agricultural sector
generates only 10 percent of the country's gross domestic product (Masoudi et al., 2018t Naza
al., 2018). Water pricing also supports the wasteful consumption of liméesd resources, which
is nearly free in rural areas and the agricultural sector.

Iran’s topdown approach to water policy is reflected by poor public participation and
distrust of scientists and water managers. This apptwashlso led to low levels afstitutional
and organizational adaptation to environmental cha@gatemporary water technologies have
profoundly influenced the way people perceive, vadumel use wateA largenumber of dam and
the massive amount of water that is moved throughblipgs have causedpeople to think that
water supplies are endless amok scarcelran’s hydraulic mission and desire for food self
sufficiency are still ongoing. Despite the environmental and economic consequbeagsal of
rapid technical and technological developm@st opposed to sustainable development) remains
the main driver of the development decisions of Ik&hile Iran’s hydraulic mission continues,
alternative technological solutions such as interbasin water transfer ancatesalare geing

attention in the countryMadani et al., 2016).
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Iran’s existing waterrelated challengearerooted in decades of disintegrated planrang
mismanagemengnd it cannot be solvednstantaneouslylhe government of Iran appears to be in
denial abouthe reality of unsustainable water management practices, and it continues tnfocus
“crisis managemerit healingthe symptoms instead of addressing the leading causes of water
stress (Madani et al., 2016).

The current water governance system in Iran is unsuited to tackle the unprecedeated w
problems that the country is facir§jignificant efforts are needed to ensadepting a strategy to
identify sustainable water management practices, documenting the experiencesein w
conservation and publiawarenessiran is a good example of how mismanagement and
unsustainable use of water resources aggravate water scarcity and an experience that can inform

water managers in Turkey.

2.6 Water Resource Management in Turkey
2.6.1 History of Water Resource Developmenin Turkey

Anatolian settlementsave always been founded on the banks of rivers and close to water
sources since ancient timd$e development of dams and water conveyance systems in Anatolia
dates back hundreds of years. The antic city of Bergama in Western Anatolia wasgvoaidr
by eight water conveying systems belonging to the Hellenistic era (SHW, 2048)g the
Ottoman period, the construction of water structures was carried out generally duyritiations,
waterways( O U N o Hai&shhallirrigation and drainage projecfthe Cumra Projectprganized
and continuous studies of waterworks were initiated with the establishment @etieral
Directorate of Public Works (Umur Nafia Muduriyeti Umumiyesi) in 1914. Irrigéon,
reclamation, flood control, navigation, water storage, and distribution were among teeafuti
this General Directorat®gemir, 2001).

Following the collapse of the Ottoman Empire and the subsequent War of Liberation (1919
1922), the Republic offurkey was founded in 1923. The Republic tried to make a fresh start and
adoptedwestern style laws and Hgws in order to develop the waorn country (Sumer, 2Q).

In time, many pieces of legislation were adopted, various official orgamizatere egablished
and/or abolished, and water management and policy in Turkey experienced many significant

changes.

43



Since thel990s, Turkey’s negotiation to accession to the European (Bidrhas created
a new era regarding water managememhefcountryThe EU has a history of supporting Turkey
to align with the EU environmental, climate change the energy, and transport acqresoréhe
Turkey’s protracted European Union (EU) accession process has resulted randfer tof
environmental policy, primarily the water acquis. Despite a recent reversal in aaccessio
negotiations, this process is continuing and has thereby resulted in the active Esatipeaoi

Turkish water policy (Kibaroglu, ZD).

T

BULGARIA

GEORGE

L]

ARMENIA

Figure 2.21 Geographical map of Turkey

2.6.2 Overview of water availability and uses

Turkey covers a total area of¥,847km?, of which 14300 kn? is water surface. Most of
the country is situated in a seamd region, with 25 hydrologicddasins(Table2.6). While the
average mean temperature is ’&€5the averagannual precipitation is 574 mmrd evaporation
is 1173 mmwith significant spatial and temporal fluctuationi$ie gross water potential is about
189 billion n?, with the surface runoff of 6 billion #year coming from neighboring countries,
amounting to a total surface raiff within thecountry of 139 billion iyear. The average amount
of surface water leakage to aquifers is 63 billiotlyear. However, not all renewable water

resources can be utilized because of economic and technical reasons. Thus, thddiéddlexp
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annual surfacend groundwater potential of Turkey come to 100 billiotyear (SHW, 2018)
(Figure 2.22).

Mean Annual Precipitation
448 billion m

Evaporation Surface Ruyoff Groundwater
246billion m? 139b||||on m3 63 billion m®
1 ]

Figure 2.22 Average annual water budget of Turkey between 1954 and 2018 (SHYV, 2018

Annual freshwater consumption is approximately 59 billich @f which 72% is used for
agriculture, 14 % (8 billion R for domestic uses, and 14 % (8 billiorf)nfor industrial uses
(SHW, 2018).In total, the cultivable land area is about 28 million hectares, 25.8® milivhich
is suitable for irrigation. Considering the water resource potential given by, 38.5 million
hectares can be irrigated, but, for technical and economic reasons, only &b hatitares (7.9
and 0.6 million hectares from surface and groundwater resources, respecteghignaed to be
equipped for irrigation by SHW by the year 2023. The overall contribution of agriculture to GDP
has gradually decreased from 18 percent to 7 percent between 1290 8nHowever, 21 percent
of the popudhtionworks in theagricultual sectorandagriculturemakes up 60 percent of the rural
workforce (World Bank, 2018b).



Table2.6 Characteristics of river basins of Turkey (SHW, 2018)

2018
No Narr_le of The - Mean Contribution | Mean
Basin Precipitation | Annual to Total | Annual
Area (km?) | Runoff Potential Yield
(km?) (%) (I/s/km?)

01 Meri¢ Ergene 14,560 1.84 1.0 4.0
02 Marmara 24,100 7.54 44 10.3
03 Susurluk 22,339 4.23 25 55
04 North Aegean 10,003 1.50 09 4.8
05 Gediz 18,000 1.54 0.9 2.9
06 Kuguk Mendereg 6.907 0.53 0.3 2.4
07 BlUyuk Mendereq 24,976 2.97 1.7 3.6
08 | | 20953 6.97 4.1 10.4
09 Antalya 19,577 11.25 6.6 17.5
10 Burdur Lake 6,374 0.26 0.1 1.3
11 Akarcay 7,605 0.33 0.2 1.9
12 Sakarya 58,160 5.16 3.0 2.6
13 West Black Sea| 29598 9.91 58 10.9
14 <HULOOUP 36,114 6.58 3.8 5.3
15 .01600UP| 78,180 6.12 36 2.4
16 Konya Closed | 53850 2.65 1.5 1.7
17 hEAaes(;[iterranean 22048 8.24 48 12
18 Seyhan 20,450 6.79 4.0 9.7
19 Asi 7,796 0.89 0.5 3.6
20 Ceyhan 21982 7.37 4.0 10.8
21 EuphratesTigris | 184,918 49.91 29.2 9.0
22 East Black Sea | 24,077 14.93 8.7 20.07
23 Coruh 19,872 7.05 4.1 11.0
24 Aras 27548 4.18 24 4.7
25 Van Lake 19,405 2.26 1.2 4.0
Total 779,452 171.00 100 6.9

Generally speakig, 38.5 billion n¥ (71.4%) of the consumed water is provided from surface
waters and 15.5 billion #(28.6%) from groundwater. During the period, 1298 7 groundwater
consumption has increased by more than 60 perEgir€2.23).
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Figure2.23 Total annual groundwater usage 19887 (knv/year) SHW, 20172

2.6.3 Legal framework and institutional structure

Turkey is a presidential republic which was a representative parliameletagracy until
2018.The President wields all executive powaand according to the 1982 Constitution, legislative
power is vested in the Turkish Grand National Assembly (TGNA), which igedl&dy universal
suffrage.

2.6.3.1 Water-Related National Legislation

Theunderlying legislation in the water sector is the Turkish Constitution of X28&(tly
in effec) confirmed that water resources are a natural wealth of the country, and under the
authority of the State, to be used for the benefit of the community. Except for somtelyriva
owned small springs, the development of water resources, including groundwater,earerai g
under the responsibility of the Statésage of groundwater resources is determined by a specific
law, which allows access to the user upequest, within the capacity of the safe yield of the
related aquifer. Groundwater use rights cannot be transferred or sold. Hothevstate can
assign this right to private institutions for a defined period.

The First water law irthe country ‘Law onWatersN0.831 was enacted in 1926. The
purposeof thelaw is tocoordinatethe provision and management of watertfar benefit of the

public. It is relatively a short legislation with only nine articles and has great impertarmatters of

a7



health, probably due to the poor quality of water concomitant tetamarwater infrastructure of a
newly born Republic (Sumer, 2011). In 1934, the Ministry of Public Wodsestablished to support
municipal drinking water provision.

Beginning fromthe mid-1950s,Turkey experienced a phase of systematic construction of
physical waterworks aiming to benefit from its water resources (drinking water, ionigat
hydroelectricity) as well as to prevent dangers (such as floods) associated withn\&3&4 the
Directaate General of State Hydraulic Works (SHW) was establi§hexkish acronymDS g,
whichwas the big milestone for water management of Turkey. The main tasks were given,to SHW
water resources explorations, and development of water infrastructure for hydrpflood
control, irrigation (SHW, 2019).

In 1960,Underground Water Law was enacted and was divead authority tthe General
Directorate of SHW about groundwater. According to the law, groundiggteblic waterandit
is under the Stats’autlority and possessioithe law regulates all forms of utilizatiorgsearch,
protection, and registratiolWater Products Law was enacted in 197 Ekgt@blish regulations on
protection, manufacture, and controlling of water products in seas and inland.

Est@blishments of General Directorate for Soil and Water and General Directorate for
Agricultural Reform irthe1960s contributed to systematic water resources development activities.
While General Directorate for Soil and Water was responsible from small scale egaterces
development (water resources being less than 500 liters per second)-fanch alevelopment
activities (such as drainage, land reclamation, gradimgng the otheysGeneral Directorate for
Agricultural Reform became responsible fromoyding lands to landless farmers in areas
designated for agricultural reform.

In 1981, the Establishment and Duties of General Directorate of Istanbul Water and
Sewerage Administration Law were enadi@dombinghe conduct of water supply and sewerage
services ando establishand operate all necessdacilities for these servicesater, tre law
allowedmore citieso implement theaw in their metropolitan areas.

In 1983, Environment Law (No. 2872) wisplementeddue toincreasingwater pollution
in many areasn parallel with rapid urbanization and industrializatidrater, Coastal Law
(No.3621) was enacteich 1983, todecide therules for the protection of the sea, natural and
artificial lakes, river shoresand the shore strips with regards to the natural and cultural

characteristics, and their utilization towards the puiptiod.
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There are more than 70 laws (acts), regulations, and guidelines to support tgementa
and maintenance of water sources and ecosyslabke2.7 showshe Principal Water legigtion

timeline of the country.

Table2.7Principalwaterlegislation

Year Principal Water Legislation Timeline

1926 The Law on Waters No. 831

1926 Surface Water (Law 6l 831, 1926) (Law No. 6200, 1954)

1930 Public Sanitatior{ Law No0.159

1954 State Hydraulic Works Organizational (Law N0.6200)

1960 Groundwater (Law No. 167)

1968 Domestic Water (Law No. 1053, 1968) (Law 5625, 2007)

1971 Water Products (Law N0.1380)

1981 The Establishment and Duties of General Directorate of Istanbul Wate
Sewerage Administration (Law N0.2560 )

1983 Environment (Law No. 2872, 1983)

1990 Coastal (Law N0.3621)

1993 By-Law on Environmental Impact Assessment (EIA)

1988 By-Law on Water Pollution Control (No. 19919), revised in 2004 (No. 2568
2008 (No. 26786) and 2018 (No. 30332).

2001 Hydropower (Law No. 4628, 2001) (Law No. 5346, 2005)

2011 Irrigation Water (Law No. 6172)

2012 Draft Water Law (Bill)

2014 By-Law on Envirmmental Impact Assessment (EIA) revised. A series
amendments were introduced to the 2014 By-Law in 2016, 2017, and 2018,

Since thel990s, Turkey’s negotiation to accession to the European (Bidrhas created
a new era regarding water managementthaf country. Turkey signed @ustoms Union
agreementvith the EU in 1995 and was officially recognized as a candidate for full mehiper
in 1999.Being a country that is conducting accession negotiations with the EU, Turkey is obliged
to take onThe Wate Framework Directive (WFDJequirements by its time of entry into the

Union.
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The Water Framework Directive (WFD) was prepared by the European Coudytb(Eope
with the important water problems regarding excessive use and quality decreaseFDhe W
pronotes the integrated management of water resources to support environmeniatly s
development and reduce problems associated with excessive water abstractioon pibddiatls,
and droughts (Demirbilek & Benson, 2019). The Directive provides the frarkeaomwater
policy decisioamaking within the river basin (catchment) context. It will require the integration
of industrial, agricultural, rural development, nature conservation, and foresgsaprs at the
river basin scale and, in many cases, the ramsdary collaboration between European countries.

Turkey's transition to a neoliberal economy in the 1980&&hthrmonization process since
1999 have revealed new primary aegondary water legislations in the domestic water, irrigation,
hydropowerard the environment sectors (Kibarogh20Q. The EU Water Framework Directive
(WFD), which hagprovideda method to integrate water resource management with the principles
of environmentasustainabilitybecomes an important gulde for the EUharmonizéion process
for Turkey.With the direction of the WFD, Turkey hgs/enagreat deal of effort in adopting and
implementingan integrated approachite water resources management.

Water legislation in Turkey continues to follow WFD principles to be more integrated a
sustainabledespite a slowing European Union (EAdression process since 20%$6. far,more
than 20 regulations and bylaws related directly or indirectly to water haseeshaetecandmore
than 266 projects of implementation of differeaspects of the Water Framewdbkrective,

including capacity building and twinning projects, have been funded.

Table2.8Waterrelated laws and regulations in Turkey after the EU accession process

Year Laws Regulations and *Corresponding European Directive

2004 Regulation on the Water Protection against Nitrates Pollution Caused by Agric
Sources
*Nitrate Directive (91/676/EEC)

2005 Regulation on the Pollution Control Caused by Hazardous Substamadhe Aquatiq

Environment
*Discharges of Dangerous Substances Directive (2006/11/EC)

2005 Regulation on Water Intended for Human Consumption
*Directive on the Quality of Water Intended for Human Consumption (98/83/EC)
2005 Protection of Wetlandsd&julation
*Habitat Directive (92/43/EEC) and Birds Directive (79/409/EEC)
2006 Urban Wastewater Treatment Regulation
*Urban Wastewater Treatment Directive (91/271/EEC)
2007 Geothermal and Mineral Waters (Law No 5686
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Table2.9 Continued

Year Laws Regulations and *Corresponding European Directive

2008 Environmental Impact Assessment Regulation
*Environmental Impact Assessment Directive (2011/92/EU)

2012 Regulation on Quality of Surface Waters UsedPlanned to Use for Drinking Wat
Supply
*Drinking Water Abstraction Directive, (75/440/EEC)

2012 Regulation of Quality of Surface Waters
*Environmental Quality Standards Directive (2008/105/EC)

2012 Regulation on Protection of Groundwater agaPollution and Deterioration
*Daughter Directive on Groundwater (2006/118/EC)

2012 Regulation on Protection of Basins and Preparation of Management Plans
*Water Framework Directive (2000/60/EC)

2.6.3.1.1 Draft Water Law of 2012

The draft bill aims at eliminating the current situation of disintegrated waterrcesou
management and creating an efficient governance scheme in which the MoFWA (ndwy MoA
would be the single principal responsible authority. MoFWA viewed the laws of 1(riesyand
for feedback,the bill was presented and sewot various stakeholdersuch asgovernment
institutions, universies NGOs unions of chambers of engineers and municipalities.

The billapproves the view that water resources, including treated and recycled wastewater,
shaild be conserved, developed, improved, and used at the basin level (Kibaroglu et al., 2012).
The draft bill conceives that MOAF prepares a national water plan to meet social, e;@mami
ecological needs, admitting the current and future condition @rsedources in terms of quantity
and quality. It also encompasses how basin management plans and flood control and flood
management plans will be prepared either utigecoordination or guidance of the MoAF. For
the allocation of water resources, thaftitbrings forward the systems ofvater allocation
certificate$ and ‘water allocation registéras well as basin water allocation plansMoAF is
authorized to prepare basin water allocation plans at the basin-basinblevel through joint
evaluationof surface and groundwater resources, and by taking into consideration water use
priorities and all other needs (Kibaroglu,2Bp Water allocations to citizens and legal entities
should be made by SHW, which will take the basin water allocation plantheadasis for
allocation. Water allocation certificatafiouldbe issued for the allocated water resources and
natural mineral waters, and this certificaeist be subject to a fee. Watshouldbe used in

compliance with the water allocation certificaléhe water allocation register, whicmust be
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publicly accessiblenustbe kept by SHW. In this respect, it is a step forward in complying with
some of the basic principles of the Wiabd IWRM (Kibaroglu, 2020

2.6.3.2 Water-Related National Institutions

As part of the central government, numerous agencies and departments under several
ministries are directly or indirectly engaged in the management, protection, and mgnitor
waterresources in Turkey. Therefore, management becomes fragmented by beiddpstvaeen
more than one institution with overlapping tasks. In the country, water managentbet
responsibiliy of the Ministry of Agriculture and Forestry (MoAFvhich was established by
merging theMinistry of Forestry and Water Affairs (MoFWA) anithe Ministry of Food,
Agriculture, and Livestock (MoFAL) in 2018The MoAF is a principal authority on wateelated
subjects, has a general coordination task regatdedgvelopment and implementation of policies
on the protection of water resources and their sustainable use to at®rdational water
managementMoAF operates in cooperation with other Ministries (all reporting to the Prime
Ministry), public bodies, and other stakeholders related to water managemest @saef the
responsibilities b the MoOAF is to conduct the necessary coordination for the river basin
management plans (SHW, 2018).

Under this Ministry, threéarge nationalnstitutionsare responsible for water management
in the country:

1. The General Directorate of State Hydraulic M&(SHW)

2. The General Directorate of Water Management (GDWM)
3. TurkishWater Institute (SUEN)

The State Hydraulic Works (SHW, Turkish acronym: DSI) was established in 1954 and
modeled on the US Bureau of Reclamation. Since its establishment, SHW has bsetheind
supervision of different ministries and in 20&came part of the new Ministry of Agriculture
and Forestry. It is Turkey’s primary executive state agency responsible for thenglanni
appropriation, and development of water resources, as weéleasdnitoring, flood protection,
planning, design, and construction of the irrigation and hydroelectric projects. The organizati
also created the structure of the river bgsiigch operates through its 26 regional directorates in

the river basins.
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The General Directorate for Water Managem@&mDWM) was established in 2011 ftwo

main reasons: one of the requirements of the EU Water Framework Directive is thshestati
of a GDWM as an organization that is separate from investment organizations sifce/&H
already responsible for wateglated investments. The other reason was the need for coordination
betweemministries, government agencies, and other stakehotlieading with various aspects of water
resources management (SEMIDE/EMWIS, 2012)s Directorate was tasked with the following
(GDWM, 2019:

to prepare basin protection action plans (BPAP), river basin management plans, and

flood and drought management plans

to determine sectoral water allocation, provisions for drinking water sowvessy;

efficiency, water quality standards at basin level and the effects of climate change

scenarios at thieasin level

to form a database for water resources

to develop more effectivpolicies regarding protection, improvement, and use of water

resources

to ensurecoordination of water management on the national and international level

to perform studies on climate clggnimpacts into water resources

Turkish Water Institute (SUENyas establisheth November 2011 and reports to the
Ministry of Forestry and Water AffairsSUEN can be described as a think tank that aims to
promote national policies, shednd longterm water managemestrategiesSUEN works in
close cooperation with national and international institutions on sustainalee mamhagement,
development of water policies, sustainable energy isandscapacity building for the solution of
local and global water problenm&part from these three main institutions under MoAF, there are
other ministries and institutions also have responsibgigted to water.

X Ministry of Environment and Urbanization (MoEW@Jso has responsibilities regarding

water governance, primarily related to environmental protection and rehamiljtatid is
charged with assessing and monitoring environmental impagisojefcts and activities.
As such, it determines treatment standards for wastewater treatment plants, issues

discharge permits and is in charge of monitoring the performance of wastéwdiges.
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Ministry of Energy and Natural Resourd¢ke ministry’smain tasks, among others, include

theevaluation of renewable energy resourcesthadietermination of policy and strategy
to increase energy efficiency and productivity.

Ministry of Foreign Affairs (MoFA)s the leading state body to formulate and imgam

Turkey’s transboundary water policy.

Ministry of Healthoversees the quality of potable water, spring water, mineral, and healing

water, and the Metropolitan Municipalities continue to monitor the water ewdge
administrations, together with indusir wastewater discharge, and are involved in the
creation of wastewater treatment plants in their territories, which they sensigqu
maintain and operate.

A General Directorate of Water and Wastewater Administration “SKI” is estedligh

every metropolitan municipality to carry out tater supply and sanitatigiSS). There

are over 3,000 municipalities in Turkey, each of which should have a municipal water
provider. These municipalities are also responsible for setting, charging, ardirmglle
tariffs.

Water User Organizations (WUOsEre established in 1994 by SHW in ordedézrease

theinstitutional and financial burdesf agricultureon the governmenbout 95% of the

statemanaged irrigation infrastructure transferred to water user orgamgati
management by local stakeholdars2005.WUAs gained public legal authority status
following the legislation of the 2011 Water User Association Law (Oz&ai3. Their
primary responsibilities include the operation and maintenance of the irngsystems,
the distribution of irrigation water to farmeemnd the collection of irrigation fees from the
farmers.

Several local, nationabnd international NGOs such as World Wild Fund for Nature
(WWF-Turkey), Turkish Water Foundation (TWF), The Turkisfoundation for
Combating Soil Erosion (TEMA)RNd Natural Life Protection Association (DHDK), and
professional institutions perform waterlated studies in Turkey. The functions of these
organizations include promoting public awareness regarding thescpost and
improvement of soil and water resources and playing a functional rotedrdta their
knowledge between decisionakers andhe public within the range of implementation

projects.
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Because many various ministries and institutions are involvddferent aspects of water
sector managemend, Water Management Coordination Commitigas established under the
Ministry of Forestry and Water Affairs in 2012

Water Management Coordination Committee (WMCC)

To create a platform for higlevel coordinabn, the Water Management Coordination
Committee (WMCC) was established by the Prime Minister’s circular letter in Z0&Zprimary
responsibility othe WMCC is deciding measures to protect water resources holisteradlyring
the coordination and coepation of different sectors, enlarging watelated investmentsand
implementing institutional responsibilities stated in river basin management pMansus
ministries, norgovernmental organizations, universities, employee associations, and private
sector representatives are represented in the WMCC. Under the Water Managenainattmor
Committee, there are Central Basin Management Committee, Basin Managemeritt€=snand
Provincial Water Manageent Coordination CommitteeBigure 2.23.

Water Management Coordination
Committee
Central Level Organation
Determination of Water Policv

Central Basin Management Committee
Central Level Organization
Assesses the basin studies and reports the result of
studies to Water Management Coordination
Committee. Convenesemiannually.

National

Basin Management Commitees
Established in 25 BasinBasin Level Organization)
Coordinates the institutions and organizationshen
protection and use of waters.Convesesitannually.

Provincial Water Management Coordination Committees
Established i81 provinces(Provincial Level Organization)
Coordinates the institutions and organizations on protection and
use of waters in provinces. Convelie®e tims a year.

Regional

Figure 2.24 Institutional organization of basin management in Turkey
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2.6.3.3 Water resource management policies

Turkey has various national strategies, plans, andrams dealing with water resource

managemenf(T@able2.9).

Table2.10National and regional water resou

rce management policies

National

Regional/ River Basin Level

*10"/11" Development Plan

*National Environment Strategy and Action
Plan

*National Biodiversity Strategy and Action
Plan (2007)

*Turkey EU Integrated Environmental
Approximation Strategy

*National Basin Management Strategy (207
2023)

*National Flood Managment Action Plan
*National Climate Change Strategy (2010-
2020)

*National Climate Change Adaptation
Strategy and Action Plan (211-2023)
*National Action Program on Combatting
Desertification

*National Wetlands Strategy

*National Disaster Respong#an

*Regional Development Plans
*Basin Master Plans by SHW

2013)
*River Basin Management Plans by DGWM
*Waste Water Treatment Action Plan(2015
2023)

l4Water Allocation/Conservation Plans
*Special Provisions for Drinkip Water
Catchments
*Groundwater Management Action Plan
(2013-2024)

*River Basin Protection Action Plans (2009+

{

(1) 10"/11" Development Plans (2014-

2023):

The 10" development plan addresses land and water resources management problems from

several perspectives. The primary objectives of the gegarding water include (i) the balanced

preservation and development of the quantity and quality of water and lanctessand (i) the

improvement of the siitutional and legal structure of water management that provides for the

sustainable use ofvater, especially in agriculture. The "LMevelopment Plan should be

considered as a lortigrm agenda towards the goals to be fulfilled; it does not contain a list of

priorities and does not take into account the extent to which any of these goals may be

accomplished during the % Hevelopment plan.
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(2) The National Climate Change / Adaptation Strategy:

The effect of climate change on Turkey has been evaluated in many different studies wit
its various aspects. Ministry of Forestry and Water Affamsried a project "Climate Change
Impacts on Water Resources Project,” intending to decide the impact oktatinaaitge on surface
and ground waters and define the adaptation activities. Changes in seasonalapoecipit
climatology, extreme weather conditions, and aridity conditions of Turkey are evafuate
2019 through2100 for the reference period of 1942000 by using regional climate model
simulations(RegCM4.3) (GDWM, 2016).

Ministry of Environment and Urbanization also carried out a project ndifexiNational
Climate Change Strategy and Action Plan (2Q023)".This document defines shoaind long
term strategies to deal with water challenges in Turkey up to 2023 and contaiokjectere
concerning increasing tlegficiencyof water managemeirt agriculture (Ministry of Environment
and Urbanization, 2012).

(3) Programs and plans under the Turkey-EU expansion:

Turkey’s intention to join the EU has led to the stipulation of a set of institutiowhl a
legislative changes in water resourc@siragement policies since 1999. The country has
undertaken a wideanging program for harmonization of the environmental acquis. The most

important of these programs and projeuts:

a) EU Integrated Environmental Approximation Strategy 20023 was prepareby the
former Ministry of Environment and Forestry in 2006. It contains information about the
technical and institutional infrastructure and the environmental improverhahtsave to
be implemented, as well as the necessary arrangements that need to be established for
complete harmonization and compliance with the EU’s Environmental Acquis
Communautaire (EAC) and the effective implementation of the legisldtiwse were the
two preconditions for Turketo join the European Community

b) Basin Master Plans. Basin master plans prepared by the General Directorate ofesSHW ar
an important basis for all basin management studies. Comprising such elements as data
collection and evaluation, investigation, and technical, economic, and environmental

studies, these mster plans, which will contribute to social and economic development in a
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d)

basin, are prepared by evaluating water and soil resources potential with & holist
approachBasin master planfer 25 basinswerecompleted

RiverBasin Protection Action Plans BRAPs).25 RBPAPs were finalized between 2009
2013,through a protocol between the General Directorate of Water Management (GDWM)
and Marmara Research Centre of the Sdiersind Technological Research Council of
Turkey (TUBITAK- MAM). These plans includéhe identiication of existing point and
non-point pollution sourcesondition of treatment facilitiesyater quality classifications

as perthe Water Pollution Control Regulatiorsf Turkey, and proposenhfrastructure
investment program to improve water quality standards in respective basins.

River Basin Management Plans. River Basin Management Plans vary from Basin
Protection Action Plans in their more careful consideration of environmentbia@adical

issues, as well as chemical and hydromorpholigones. Completed Basin Protection
Action Plans are planned to be converted into River Basin Management Plans by the
Ministry of Forestry and Agriculture.

Studies of Special Provision Determination: The Turkish government is ateasimgly
paying attention to the water quality: Under the Twinning Project completed in 2610 a
funded by the Turke¥eU Financial Cooperation Program, “Capacity Building Support to
the Water Sector,” Turkey’s surface water quality status was estimated. This project was
doneby taking human pressure and hydnorphological characteristics in five river basins

into accountMoEU, 2013.

To fulfill the requirements of the EU on Groundwater Management, the project

“Strengthening the Capacity of Groundwater Management “has been prepared. The agm of thi
project, improving the technical and institutional capacity of Turkey about groundwater
management. For the implementation of Ground Water Directive (GWD) (2006/1)18/&Ccay
and Sakarya River Basins were chosen as the firsiptlwb basins, which were monitorei®

months.

GWD (2006/118/EC) includes the following main topics:
Determination and characterization of groundwater bodies
Criteria for assessment of good groundwater chemical status and good groundwater

guantity and determination of threshold values
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Monitoring of groundwater quality

Identification of significant and sustained upward

Trends and the resolution of starting points for trend reversals
Program of measures

Determination of groundwater protected areas

Inspectons and sanctions

(4) National Basin Management Strategy Plan (2014-2023aweeepted with the decision

of the Higher Planning Council, dated in 201Hor sustainable management of basins,
requirements to be provided are as follows:
Strengthening the ¢gslative and administrative capacity and achieving coordination and
cooperation of institutions and stakeholders
Sustainable management and use of water resources in the basins
Increasing quality of life and welfare level of citizens in the basins

(5) Speial programs on watarse efficiency in agriculture.

The Turkish government has established two particular programs for water cieaeyfin
agriculture. The “Effective Use of Water in Agriculture” program, which @duded in the 25
primary transfamation programs under the 10th Development Plan 28)4This program for
the effective use of water in agriculture will be implemented through bweponentswith 59
activities that address 16 different policies. It targets the improvements alednznation of the
existing irrigation infrastructure concerning both surface water and groundvwatprogram
envisages:

increasing drip and sprinkler irrigated areas from 20 to 25 percent

improving the irrigation ratio from 62 to 68 percent

increasing iration efficiency from 42 to 50 percent

expanding wateefficient irrigation coverage by 10 percent in each of the five planning
years

reducing groundwater use by 5 percent in each of the five planning years
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2.6.4 Water Challenges

Turkey’s rapid economic growth and population increase have been adversely impacting the
natural environment and by extensiowater quality and quantity. According to the
Intergovernmental Panel on Climate Change Fourth Assessment Report (IRE€C), t
Mediterranean Basin in whichurkey is situated in one of the region’s most vulnerable to global
climate change. The country may face critical water, food, and energy sduaatls fronclimate
changewhich will make the country hotter, more arid, and unpredictable regarding pagoipi
patterns by 2025(Stocker, 2014).

There is increasing evidence of climate change is already having an impact on Tadrkey an
other OECD countries, especially in terms of more frequent floods and droQiEH( 2019).
Climate change projections indteathat the average temperature of Turkey will increase, the
region will be more arid, and unstable in terms of precipitation patterns inahéuhee(Ozturk
et al.,2015). This will also result in a reduction of water resources in Turkey. Théprmeetions
which are based on pessimistic scenarios show there will be 16% and 27% reductengiteth
potentials in Turkey by 2050 and 2075, respectively (86@3).The available water per capita
yearly is %00 n? in Turkey, which is half of thevorld averaggAltinbilek & Hatipoglu, 2@0).
Turkey is a watestresseatountry according to an average annual va@whwater available per
capita,althoughit is endowed withlelatively more freshwater than other Middle Eastern countries
(Figure 2.2% (World Bank, 2016).

How much water is naturally available?

Kuwait |
UAE |
Qatar |
Saudi Arabia |
Yemen |Jj
Bahrain §
Libya il
Jordan |
‘West Bank and Gaza i
Israel [l
Algeria il
Oman Il
Tunisia
Egypt

Absolute scarcity
Water scarcity

Lebanon
Marocco
Syria

Iran
Iraq
Turkey
USA

Figure 2.28Nater availability in the Middle Easturkey,and America (FAO Aquasta2014)
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Turkey has an uneven fresfater geographic distribution due to atmospheric conditions and
topographic variationsSome parts of the country are very wet, and large parts ar@gdrivhile
water resources in the Euphrates and Tigris are signiffoanbut of the 25 river basinsicluding
the AkarcayBasin have water availability of fewer than 1006 per capitaFigure2.26YSHW,
2015b). Thereforethe water is not necessarily available in the places most suited to meeting

Turkey’s present and future needs (Figure 2.27)
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Figure 2.26Contribution of individual basins to the total surface water potential in 1uige
(SHW, 2018
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Figure 2.27 Turkey’siver basins andvaterstresslevel (Adapted Onder & Onder, 2007)

Turkey is nowusingalmost 60%of its total exploitable water potential. While the level of
water stress isurrentlynot critical,the country isextracting more water than is being replaced
naturally. Models predicted that water availability will be getting worskerfutureas withdraws
increases due to higher demand and more frequent droughts. The country is projectadlttPreac
billion m?of water usage by 2023, which is the total exploitable water limit for Turfkigye
2.22). Additionally, the population, which was 56.47 million in 1990, reacheahi8i®n in 2018
(with 102 people/krh population density)and is expected to reach 100 million in 2040
(TURKSTAT, 2018). The pecapita available water is foreseen as 1120p@rson/year by 2040
which was 4000 fvVperson/year i1960 SHW, 2009).

The Turkish agriculture sector is the largest water consumer and also acootheaiiost
extensive groundwater usage, which is a potentially valuable and only partly remeagabkce.
Low water use efficiency in agriculture (51 %pm outdated water delivery systems and
traditional surface irrigation practices (flooding, furrow, border, etc.) resuldtserabstraction

and loss of water from both surface and groundwategvarsal river basins (SHW\2014;Topcu
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2011). Agriculture is anticipated to continteeconsumes4 %of thetotal national watesupplyin
2023, which was 72 % in 2018.

2018 2023

Domestic
Water
13%

Domestic
Water
16%

Irrigation
74%

Irrigation
64%

Irrigation 43 billion n?* (72%) Irrigation 72 billion nT (64%)
Domestic Water 8 billion nv* (14%) Domestic Water 18 billion 7 (16%)
Industry 8billion m®(14%)  Industry 22 billion m? (20%)
TOTAL 59 billion m? TOTAL 112 billion m3

Figure 2.28Nater usage by sector Z® and 202%rojection SHW, 2018)

In most of the country’s irrigation schemes, irrigation water chaagesdetermined not
based orthe amount of water used but are based on the-taggd system in which the charge
per hectare is determined by the type of crop (Molle, 20Ai@Yhermore, the price of irrigation
water is approximately 0.68.10 EU/r, which is well below those in the European countries
(FATIMA D1.2.3, 2016).This low rate causes some farmers to use excdss iwdheir irrigation
systems.

Another main problem is increasing pollution in many water bodies to agricultural
runoff, domestic and industrial pollutan@and the lack of appropreatmonitoring insufficient
pollution contro] and enforcement. In Turkey, access to water is at 99%, access to sanitary
landfills is at 60%, access to sanitation is at 91%. Nonetheless, quality axdroniihancial and
environmental sustainability ofater and sanitation services remain a concern as described in the
10th Development Plan. In the water sector, only 52% of contaminated water wexitné2010,
nonrevenue water is estimated at approximately 50%, and major capacity prodteansin the

wastewater sector as a result of operational and technological inefficiencies, (X0[17).
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Turkey is not only a heavy water consumer but is also set to start exportiaggitsupplies
The ountry constructed an 80 km water pipeline in 2015, whidivets fresh water to Cyprus
(SHW, 201%). Two primary water sources in the Middle East are the Tigris and Euphrates Rivers
where Turkey has a significant investment in water prgjedtgch includesnore than 60 das)
19 hydroelectriplants, and irrigabn of around 1.8 million hectares of arable land (SHW, 3ap17
The two riversbegin in Turkey's mountains and thigow towards thesoutheastpassinghrough
Syria and IragDepending on how negotiations with downstream countries turn out, Turkey may
fed the need to release more water. If Turkey releasare water, it would increase the water
stress in Turkey.

Due to pollution large populationTurkey’s hydraclimatic condition, andalready high
levels of water resource consumption conepato its total available wateFurkey is among the

most vulnerable countries that will face severe water shortages by 2030.

2.6.5 Evaluation of Water Management of Turkey

Over time, several changes were made in the existatgr legislation andinstitutions,
which creded a complex hybridwater management system in Turkey (Kibaroglu, 20Thg
featured in section 2.8.3 Water resource management policies of Turkey shows that ambitious
goals concerning sustainable management and planning of water resources do iatlard are
already part of the political agenda. Numerous projects related to riverrbasagement were
carried out in Turkey in the past decade. The perception change in Turkish watgemaniand
policy is a reflection of the ongoing EU harmonization process. The country has kedenizny
obligations to harmonize its water policy and make it more integrated.

Turkey has put a great effort into establishing an integrated water managetgnand
action plans (Basin Protection Action Plans, RiBasin Management Plans, among others) by
taking into account its own needs, development, and international standards. In pathieula
establishment of the institutional basin structure and delegation (GDWIMWater management
CoordinationCommittee, emong others) in the country has been an important step in terms of
water basin management. These entities aim to manage water resources at the bakrescale.
mandate is to take a bpgcture perspective and be the leading voice on bhagla water
issuesThis approach aim# keepbasin constituencies and decisimakers in all sectors and at

all levels, in both the public and private sector, fully informed and involved.
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Water management activities haatso been supported Isgientific institutions ath non
governmentaland internationabrganizations(World Bank, OECD, EU). With financial and
technical assistance from the World Batite rrigation modernizatioprogram called Itrigation
Management Transféwas starteth 2008by SHW. The Prografocuseson converting the water
delivery networks to pressurized, closgthnnel (pipébased) systems, instead of rehabilitating
the traditional, operchannel systemdhe main aim of the program isducingwater losses in
conveyance and allows the use ofhefficiency onfarm irrigation systems such as drip and
sprinklers With the programthe establishment of water user organizations (WWas)startetb
take over theresponsibilityof implementing participatory irrigation management. Most of the
WUOs n Turkey are irrigation associations or irrigation cooperatives, which are, icigbein
responsible for surface water and groundwater, respectively (SHWS).2@articipatory
Privatization of Irrigation Management and Investments Project (PPIMIR)dodseen developed
to buy machinery and equipment needed by water user organizations taking over the régponsibi
of operation and maintenance services of irrigation facilities develop8eiy

Turkey has also made significant progress in urban wastemategemerduring the last
two decadess a result othe continuous flow of investment from national and international
sourcesThe percentage of people wihcess to wastewater treatment increased4@¥hto 79%
from 2005 to 2016 (OECD, 2019).

Thereare still ongoing challenges in order to implement\WRM planning approach in
Turkey. While sustainability and IWRM are longenownedconcepts inthe country their
incorporation into developmental issues and water management has been rather slow
(Harmarioglu et al., 2@0). Insufficient coordination among institutions is a major weakness in
the realization of integrated river basin management in Turkeskey's institutional systenis
based on a centralized structure in which a wide variety of govetahmestitutionsdecideon
wateruses. The tasks and responsibilities of Turkish authorities do not haved&mundaries.
Numerous entities with overlapping tasks end up with a lack of coordination betwsen the
institutions. Less coordination often leads to unnecessary duplications in basagement
studies, causing waste of effort, money, and tifog.example, the General Directorate of State
Hydraulic Works is authorized to provide water supply to all cities with muriitgsa ILBANK
is also authorized on the same matéed this leads to conflict (Selek &Selek, 2020).
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Water management legislation originates friti@ early years of the Republihé¢ Law on
Waters No. 831, 1926). Although a great numbéegitlationsand regulations have been enacted
for waterresources managemeexjstingwaterlawsdo notsufficiently address marigsuessuch
as wateirelated construction (e.g., dams), industrial water needs, groundwater usggeofryi
environmental degradation, and pollutidvhile the adoption of a new water law remains in a
draft form since 2012the lack of comprehensive water law is perceivedras of themajor
challenges in the Turkish wex sectorKibarogluet al, 2011; Harmancioglu et al., 2020

Data limitations often hinder basin management and other-wedéded activitis. There is
no reliable historical data or sufficient database on water resources and Basinsurrent
hydrometric network in Turkey needs to be improved in terms of the number and the spatial
distribution of monitoring stations, based on the topographical character of the country and the
needs for the future water resources planning. In this retpere is the need for accurate and up
to-date descriptivenformation and a national database on alkaspof water resources in basins,
including water allocations, reservoir positions, groundwater elevadodgjualitywater quality
conditions, and availablesourceGDWM, 2017).

To conclude, the development of water resources constitutesssantl element in
Turkey’s economigrowth. Thereforehe development, management,,@s®l protection of water
resources should be planned in an integrated matakéng into account all the economic and

social needs of its people.
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CHAPTER 3
WATER MANAGEMENT IN AKAR CAY RIVER BASIN

3.1 General Characteristicsof the Basin

The Akarcay river basins a closed basin covering an arear®89 kntin theinnerwest
Anatolia, Turkey.The length of the basin is approximately 130 km, and the width isTRAk
large part of the basin is located withine borders of Afyonkarahisar province(Dogdu & Bayari,
2005).
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Figure 3.1 Geographical map of tAkarcay Basin

Eber and Aksehir are natural lakes, located at the lowest points in the basin,ithe Em
Mountains to the northeast, Sultan Mountains to the southeast and Kumalar Mountain to the
southwest are important mountainous areas. These mountains exceed 2000 m in eladation, a
approximately 40% of the basin area is plain. This basin is a graben type and has soil with high
clay conten{Dogdu & Bayari, 2005).
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3.2 Climate and Meteorology

While the average annual temperature of the countrglid °C, the monthly mean
temperature wées from a maximum of 21.9C in July and August to a minimum of éQin
Januaryin summer Basin has an average annual total precipitation of 436.1 mm/year, and most
rainfall (64%) occurs in the winter and spring (December to May). The maximuralrir#%)
occurs in December. The average monthly precipitation ranges from 15.2 mm in July ter73.9 m
in November. The annual average evaporation is 1,181 mm/year, with monthly averages rangi
from 20.4 mm in October to 225.5 mm in July (SMS, 2017).

The oveall climate of the area can be characterized as a continental climate with cold
rainy/snowy days in winter, but hot and dry weather in sumhtergraben plain between Aksehir,
Eber lakesandSultan, EmirMountains permits microclimate effect, which isestial for local

agriculture.

3.3 Geology /Geomorphology

The geology of the basin area can be described by sedimentary, volcanic and metamorphic
rocks, varying from tuff and agglomerate, andesite, basalt, and trachyte to youig ateactual
alluvial depositgFigure3.2). These deposits cover the Precambrian to the Quaternary time period.
The Quaternary deposits are the most commonly observed units throughout the region and
primarily consist of fluvial to alluxal fan sediments and slope debvislcanic rocks are generally
found at the northwestern part of the basin and in the vicinity of Afyon. Metamorphic raagkg m
consist of schists, some quartzites, and recrystallized limestaig¢ X F X R + O2019 W D O

The Imestone of the Pliocene Age is also widely exposed in the north. Upper Miocene
Kocatepe trachytes are the final products of volcan&karcay Basin is a seismically active
where ectonism largely controls the geomorphological, sedimentological, hgddblogical
characteristics of the basi&NUHKLU 6LPDY )D X Q3theaséanitidiRectBrég structure
in the basin, which has played a major role in the development of a graben shape of thiéthasin.
a length of 130 km and a width of 4-20 KN\WV-SE orientedAfyon-$ NUH KLU *UDdEtHEQ LV RQ'
most important graberandit plays an important role in the impact ¢time development of
geothermal resourcesn the basin .Ro\L &L Deveci, 2007) Actively growing and
unconsolidated alluvial fans are observed at the-faminded SE and NE margins of the region.

A series of palae@and modern shallow lakes, including Aksehir and Eber, have formed along the
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prolongation of the basin. ThikargayRiver is the source of most of the water and some of the
sediment coming into the depression from $W. Pdeozoic Afyon Metamorphicsorthwest of
the basinis the oldest unit, estimated to have an approximate thickness of 2000 m,

(metakonglomera, calkeehist, limestone, marble, and metavolcanicK ]| XF X R + QBLHW D O

SIMPLIFIED GEOLOGICAL MAP OF
THE AKARCAY BASIN
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Figure 3.2 Simplified geological map oAkarcayBasin(Kuzucuoglu et al., 2019)

3.3.1 Hydrogeology

Akarcay is a closed basin with a catchment area of 7994 8&DWM, 2018). The teonic
uplifts in the basin have been increased the gradient between the catchment arediaokaiye
area. Due to the tectonic structure, sedimentation processes have been accelerated, and a
heterogeneous hydrogeological structure has been developed (Tezcan et al., 208#)y Ghe
VHGLPHQWDWLRQ SURFHVV FRQWLQXHWKHVSSHIFWDQGD RQDW R
alluvial fanshave beerreated (Tezcan et al., 2002).

Groundwater is principally fed by precipitation over the sandy pebble levels @niglc
carbonate rocksand Neogene sediments that form the heights around the plain. Underground
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recharge from these units feeds the thermal and freshwater aquifers locateéathdéeplain.
The PlicQuaternary alluvial and lacustearsediments underlying the plain make up the principal
freshwater aquifer, which is underlain in part by Afyon metamorphics consistingycdrBgazi
schists and Oyuklutepe marbles Afyon metamorphites composed of the thermal greundwat
aquifer. A Neogeneauiitard (i.e. sikclay) of 200m thickness separates both aquifers. However,
the high water pressure in the thermal aquifer leads some warm water mintsithe freshwater
aquifer, where Neogene units have high hydraulic conductivity and transmisthétfreshwater
aquifer is also confined from the top by the Pleistoddacene sediments of lacustrine origin.
Ordovician schists outcropping in Sultan Mountains covers an area of approximately?38Bé&m
impermeable structure of these schists eduthe development of surface flow network by
EORFNLQJ LQILOWUDWLRQ OHWLQ HW DO 8OXWeUN

3.3.1.1 Watershed SubBasins
The waterked is composed of 8 sdiiasins Figure 3.3. Although the vatershed has a
disorganized topography primarily caused by the mountain chain rising in the southwest, the

topography has been changing relatively smoothly irb@dinswith a mean sea level of 2000 m.
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Figure 3.3 Akarcay basin sudasins(Adapted fromGDWM, 2017)
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3.3.2 Water resources

The water potential othe basinis 445.6 hm3/yeamf which 272 hm?3/yeais surface water
and 173.6 hmgear isgroundwaterTotal exploitable water potentied 130 hm3/yearwgface and
173.6 hm3/year groundwate803 hm3/yea{GDWM, 2017) The dstribution ofwater resources
by subbasins can be seenhigure 3.4andTable3.1.

N WATER POTENTIAL
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Figure 3.4 Distribution of water resources by sbhsins (Adapted frorl@DWM, 2017)

Table3.1 Groundwater and surface water potential of sub-basins (GDWM, 2017)

Sub-Basins Surface Water GrO_undwater
Potential (hm3year) = Potential (hm3year)
Sincanli 39.7 43.7
Altintas 30.4 313
Suhut 0.8 36
Afyonkarahisar 12.3 17
Emirdag 4.5 215
Cay 25.3 21.6
Bovaldin 13.8 27
Aksehir 144.3 6.1
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3.3.2.1 SurfaceWater Resources

AkarcayRiver is the primary ater resource within the basiand theKali River is one of
the maintributaries ofAkarcay Internal drainage is maintained by the perpefikarcay Stream
flowing from west to easfAkarcayriver basin has an average discharge is 6sr(atthe outletto
Eber Lake) with a max observed streamflaf 65 n¥ /s (SHW, 207b). The annual surface water
potential is about 278ms3/yeay andyearly mean dischargand basin yields 0.49 kn¥ and1.9
liter/sed kmz2, respectively (GDWM, 2014).

The primary soure ofthe $SNDUoD\ 5LYHU LV FRQVWLWXWHG E\ WKH
Aksu streams. This drainage system feeds Eber Lake, which is connected with Aksehir Lake in
the east (Merter et al. 19880gdu & Bayari, 7KH $NUHKLU, a6 Kdvanik N H V
marshes are three natural lakes in the Akarcay Badiich are ecologically wetlands of
international importance and protected under the Ramsar Tf@#tgr rivers in the basin are
Degirmendere, Agik, Yalvacbeli, and Engili.

:KLOH WKH $NUHKLU /D hNodtatias fiotrGroENevi Eind iddutbetn Meights, the
Eber Lake is fed by the four small seasonal streams from the western slup8oltan Mountains
andAkarcayRiver.The lasin’s permeability is low, and the source of the stream is mostly surface
water and precipitation (Tercan, 2002).

Table3.2 Physical properties of Akarcay and Eber Lakes (Kuzucuoglu et al., 2019)

Lakes | Origin Elevation Surface Surface | Catch- | Water | Water | Salinity
a.s.| Area Area ment Depth | Depth /EC
(m) (km?) (km?) Area (m) (m) (us/cm)
Present = Max (km?) Present Max
Aksehir | Tectonic| 955 95 361 7500 15 6 4800
Eber Tectonic| 965 16 164 7000 2 6 750

3.3.2.2 Groundwater Resources

The totalexploitableannual groundwater potential thie AkarcayBasinis 18X10° m¥/year

(SHW, 2019) Transmissivity ranges between 50 and 2008@ay; hydraulic conductivity varies
between 0.01 and 224 m/dand storativity ranges between X@2* and 3.7910%. The water
table fluctuations show a decrease of 4 m from 1995 (32 m) to 2003 (36 m) (Tercan, 2002).
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There are 13000 wells in the basin opened by local peaplgation water user
organizations (WUOsyNnd government institutions such as SHW, Municipalities, and ILBANK
(SHW, 2019). Approximately 160 wels drilled for irrigationby local people and WUOsnd
1000 of them are illegal (unlicensed) wells, which cause fast groundwater alepléiere are
also 32 monitoring wells that have a cylindrical recorder to regularly monitor lestd change
in thebasin(SHW, 2019).

Figure 3.5Wells in thebasin(SHW, 2019)

Figure 3.6 and Figure 3.7 demonstrate that hydraulic condyds very well developed in
the region between Afyon plain, Ga8untandagiand Cobanlar H ffrmendereNuribey. These
areasare essential in terms of groundwater mining, also constitute risk areas fantha of
groundwater quality. Groundwater pollution that may occur in these areas andashenysapid

spread.
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Figure 3.6 Hydraulic éadmap. (Adapted from SHW, 2003)

Figure 3.7 Hydraulic condtigity map. (Adapted fronSHW, 2003)
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3.3.2.3 Geothermal Areas

Due toanactive seismogenic zone is called aNUHKLU 6LPDY )DXOW 6\VWHP
are several geothermal fields in the Bagikarcay basirhasfour important geothermal fields
OmerGocek, Sandikli, * D ] O CahfiBeybeli. The high geothermal gradient and Miocene aged
volcanic rocks are the heat RXUFH IRU JHRWKHUPDQ2®b)WriperiheabteD 1 D U D
phyllite-schist units of Paleozoic Afyon metamorphics are the basement rocks; the impermeab
Neogene sedimentary units are the cap rocks, Oyuklutepe markdegstedlized limestones, and
TXDUW]JLWHYVY DUH WKH UHVHUYRLU URFN VHWQ@O). FhéermaKH JHRYV
water uprise either through volcanic host rocks or through the intersectictiveffaults that also
dissectPlio- TXDWHUQDU\ IUHVKZD WIH201R UIXtlirkH009% DubDUDQ HW D

Table3.33K\VLFDO SURSHUWLHV RI JHRWKHUPDO DUHDV %DuDUL

Omer Gocek  Sandikli Gazligol Heybeli

Reservoir Rock Marble Quartzite Quartzite Recrystallized
Limestone Limestone

Number of drillings 30 26 56 10
Depth of drillings (m) | 10-1100 49-1200 50-800 200-650
Temperature (°C) 45-125 65-85 43-86 30-55
Total Flow Rate (I/s) | 450 100 260 200
EC(w/cm) 2700-2800 | 350-2300 | 2770-4070 | 580-3600
pH 7.1-7.9 6.4-7.9 6.92-8.10 6.4-7.83

Geothermalvaters in the region are used generally for district heating, thermal toansim
greenhouse. The maximum temperature was measured at(Bzsdan et al., 2015). In the basin,
there are four thermal springs with individual disclean@tes between 0.1 and 3 I/s, #methermal
tourismindustryis developing rapidlyEstimated23000 houses and 9000 nf greenhouse are
heated, an@9000 bedcapacitytourist facilities arerun by using geothermal water in the basin
(Basararet al.,2015).

3.3.2.4 Hydrologic Structures
There are three dams and 20 active ponds constructed by SHW in the Akarcay Basin. These

structures are mainly for irrigation and domestic usage.
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Table3.4 Physical properties of reservoirs (SHW, 2019)

, Irrigation  Area  Height  Volume

Name River Area(ha) | (km?)  (m) (hm?) Purpose @ Status

Selevir Kali 8310 5 31 70 Irrigation+ | Active
Flood P.

Seyitler Seyitler | 2950 5 27 40 Irrigation | Active

$NGH =+ L Akarcay| 8552 6 35 50 Irrigation | Active
+Drink

Cay Cay Plan - - - Irrigation | Under
+Drink Constr.

Suhut Suhut | Plan - - - Irrigation | Under

Const.

3.3.3Water Usage and Quality
Currentwater usage can be saamable3.5,where 83 % of water was used for agriculture
The remaining 17 %f water wasuseal for domestic and industrial purposes (GDWM, 2018).

Table3.5Current wateusage in the basin

Domestic+Farming | Irrigation Industrial Total
(hm3year) (hm3year)  (hm3/year)  (hm?3year)
Water Usage 48.7 318.5 15.1 382.3

Water quality analyis resultscan be seen ifable 3.6. Classification of inland waters was
carried out according to the Quality Criteria of Inland Waters (GDWM, 20b&U, 2017).

Table3.6Basin water quality parameters

pH- Temp BOD COD < NO2- NH3- TP Heavy Overall

Conductivity | (C°) N N Metal
Akarcay | | I (- \Y, V-1 el v
Basin \Y%

Results indicate thahe surface wrs in the catchment area and lakes polluted or
extremely polluted, and Lake Aksehir and Lake Eber are eutrophic. Algae production and signs of
pollution are evident from the color and odor of the lake watgia consequence, boftkarcay
and Eber lkes are not suitable as a source of drinking water extra¢MoEU, 20717)

Additionally, the ecological water quality results from the study conducted byrBeal. (2017)

76



reveals that river water bodies in Akarcay Basin have low phytoplankton biomass andehigh t

phytobenthos, which shows that the Akarcay Basin is under considerable pollution pressure

3.4 SociceconomicConditions

The territory of the basin includes parts of Afyon and Konya provinces with 12 district
centers, and 48wunicipalities are disbuted among 45 neighborhoods and 159 villages within the
basin boundary (GDWM, 20)5As the areatistribution of provinces is analyzed, Figure 36

demonstratethatthe regions of Afyonkarahisar cover a large part of the basin.

Konya
21 %

Afyonkarahisar
79 %

Figure 3.8 Areal distribution of provinces in tAkarcayRiver Basin(GDWM, 2015)

Akarcay Basin had 60475 inhabitants in 2016, which make up one percent of Turkey with
a density of 76 inhabitants/kn§GDWM, 2018). According to the arithmetic population
projection,the population of the basin is projected to be 903,889 people by 2050 (Figure 3.9).
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Figure 3.9Population projection GDWM, 2015)
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In theAkargayBasin, 51% (404.952 haj the land is covered by agriculture, 42882.723
ha) is covered by forest, urban and rural areas cover 2 %( 13.566 ha), andHe8ha) is
covered by water and wetlan@f@&gure 3.10). The economy ofhe basin is based on agriculture,
industries, and thermal tourism.

The ariculture sector has an important place in the basin's economy due to the convenient
climate conditions and wide plai(2985.0 km). Therefore, a large part of its populatiorekin
the countrysideThe total area of irrigated land &9,928hectareswhich are about 53% of the
total economically irrigable area in the river bastoppy, wheat, barlegugarbeetsalfalfa, corn,
potatoes, cherrygndapple are the most produced agricultural products in the watershed. Livestock
and poultry activities mainly concentrate on animal production to meet the désndady, eggs
and meaproducts GDWM, 2015).

Figure 3.10 Land coverge in AkarcayBasinAdaptedfrom GDWM, 2015)
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The main industrial activities in the basin #reagricultural and mining indusés (mainly

marble) Thermal tourism is also an important economic activity for the basin.

3.5 Water Challenges in the Basin

The Basin provides a broad diversity of economic activities and land use, which involves
several settlements and a wide array ofcadfural, industrial, forestry, mining, recreationahd
tourism activities. However, these sectors create severe pressure on water resbigttesuses
a dramatic reduction in biodiversity as well as many environmental seiMags.environmental
problems of the basin can be listed as diminishing freshwater resources angoatien.

7KH $NUHKLU DQG (EHU DUH WZR ELJ ODNHVWIQHWXIHN B V
constitutesignificant farming area@6% of the total agricultural area), particularly for fruit crops
thatbenefit from local microclimatedn addition lakesare ecologically wetlandgvhich have an
indispensable rolen the continuation of the natural balance. Recently the surface area ofrAksehi
Lake has been shrinking, and the lake is facing the danger of extinction. It has lost as much as 90%
of its water, andometimest dries up entirely in summer and falFigure 3.1). The lake level
continuously declined until 2014, befofi@ally declining below the lakdevel gauge station
(Kibaroglu, 2020. Climatic fluctuations, especiallyack precipitation and water loss by

evaporationgontribute toshrinkages of lakesurface area.

Figure 3.11Satellite figure for Eber and Aksehir Lakes
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Based on the preceding data, it is obvious éimiiropogeni¢actors such as dams, ponds,
and weirsbuilt in recent decades for irrigatiomastefulirrigation methodgflooding), and an
increasein domestic wateconsumption have more contribution than climatic factors on the

change of level of lakdsvel (Figure 3.12).
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Year

—@— Annual Precipitation (mm/year) Lake Surface Area (km2)

Figure 3.12Surface area and raaif distribution grgh (Catal & Dengiz, 2015)

In addition to the surface water crisis, there is also significant concern gloomidwater
abstraction Over the past few decades, the basin has experienced hugenewmble
groundwater abstraction for irrigation, along with groundwater head declines anshemamtal
degradationsHigure 3.13YSHW, 2019)The number of installed wells has rapidly increased from
the 1980s due to the growth of populatitatk of preipitation, andfrequent droughts.ocal
people opened numerous nonregistered or illegal wiediscause fast groundwater depletion.
Traditional irrigation methods (flooding, furrow, border, etc.) and outdated watsfér systems
are widely applied irmany regions in the basin (alm@& of total irrigatedareas) Also, the
pricing of irrigation water based on land area causes improper and excessiveusedter
agriculture.The price of the irrigation water is still based on operation and maintenasisein
all irrigation schemes, and it is charged on per hectare bi#&sentiated according to the crop.

There is almost no volumetric pricing system in irrigation (SHW, 2017).
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Figure 3.13ecreasig groundwater level in selected wells (SHW, 2019)

The mainwater problerain the basimarenot only inadequate and uncertain supplies, but
also deterioratingvater quality.The pollution problem of the basin predominantly derives from
the unconscious us# fertilizers and pesticides in agricultural activitiesscharge of untreated
domestic and industrial wastewater, geothermal facilided irregular landfills. Groundwater
contamination from the surface is not anticipated because of the impertyeafbgediments
covering the plain surfacand there imotany comprehensive study on the groundwater pollution
in the basin.

The Afyon Geothermal District Heatirgystem (AFJET)as startedn 1994 to provide
residential heating for buildings and hot water for commercial greenhouses by usinyleted
geothermal fluid. AFJETurrently performs 26 of its capacity ((i.e., 170 I/s of TW production),
when the project becomes fully operational (i.e., 625 I/s of TW production), environmental
consequences will be unfavorable (Dogdws D \ 20086).

Since 1997, pproximately 5 million tons of thermal water per ye@reused and discharged
into Akarcay Stream@zdemir & Ucan,2006), further contributing to water pollution in the Basin.

Based on hydrochemical analyses of the groundwatekkarcay Basin, it was found that
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groundwater contains boron, arsenic, Na, K, Cl, Li chemicals, and this inturn, becanmusa s
source of pollution for basin’s freshwatébogdu & Bayai, 2005 Baba & $\\ O O @006).
Geothermal water contribution has also been reported in the irrigationweltedocated around
the geothermal fielddDogdu & Bayatr, 2005).

Climate change is another concern and risk for the sustainability of water resoutees
basin General Circulation Models (GCMs) are the main toolsgémerate climate change
projections based on emissiegenarios According to output from three climate circulation
models HadGEM2ES, MPIESMMR, and GFDL-ESM2M?) and two scenarios (RCP4.5 and
RCP8.5) for the peiod 20162100,the temperatures the basirwill rise betweenl.5C and 4
C on averagedr-or the same period, results indicate the precipitation will significantly ré@0e&)
in the basin at the end of the cent(BDWM, 2016).To calculate future wateeficit and surplus
based on the output of climate modelsimaple hydrological water budget method was applied to
the basin.

06 3 i—ET formula was used to calculate the water balance in the (fatber,2004).
0 6 Storage Change

P: Precipitation

R: Runoff, ET

E: Evapotranspiration

With the effect of climate change, it is predicted that the gross water potentialbzfsine
could decreasby up to 70%with a pessimistic climate scenaribhus in the same period, it is
expected that the annual amount of water available will not meet the total wateramd the
water deficit mighteach200million m%*year(GDWM, 2016. According tatheoptimistic climate
scenario, RCP 4.5 possible future conditions in the basin can be SesdiiaB.7.

2 HadGEM2 is a comprehensive Eaglistem Model developed/bHadley Centre of UK Met Office.
MPI-ESM-MR is a comprehensive Ear8ystem Model developed by Max Plank Institute (MPI) for
Meteorology (MR mixed resolution).

GFDL-ESM2M is a comprehensive Eatflystem Model developed by National Oceanic and Atmospheric
Administration (NOAA) Geophysical Fluid Dynamics Laboratory (GFDL).

3RCP’s = Representative Concentration Pathways
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Table 3.7: With future climate scenarifRCP4.5), vater budge possibilitiesof Akarcay Basin
(Adapted from GDWM, 2016)

2015- | 2021- 2026-  2031- | 2036- 2041- @ 2046-
2020 2025 2030 2035 2040 2045 2050

Unit hmlyear| hmilyear hmflyear hmélyear | hn/year hnvlyear hnrlyear

A-FLUX IN

Water Resource 369.2 391 396.2 315.2 260.4 358.9 267.4
Total

Irrigation Return | 91.4 51.9 38.9 5.2 5.2 5.2 5.2
Ecosystem 0 0 0 0 0 0 0
Return

Domestic Return| 21.8 29.6 37.7 46.2 47.3 48.5 49.9
Industrial Return| 20.5 29.1 37.1 32.3 23 53.8 25.3

Total Return 113.3 | 815 76.6 51.4 52.5 53.7 55.1

Total Flux In 482.4 | 4725 4728 | 366.7 |3129 4126 |3225

B-FLUX OUT

Irrigation  Water

(GW+SW) 304.8 259.4 259.4 259.4 259.4 259.4 259.4
Domestic Usage | 51.7 55.9 60.2 64.7 69.2 73.9 77.9
Industrial Usage | 72.8 74 75.5 77.1 78.9 80.9 83.1
Ecosystem Usag 68.2 72.8 74.3 53.8 38.3 89.7 42.1
Eber ~ Lake 198 175 | 164 123 94 12 7.7
Evoporation

Aksehir ~ Lake ;o5 g1 | 598 | 541 | 50 446 40
Evoporation

Total Flux Out | 588.8 | 5458 |545.7 |521.3 |505.2 | 560.4 |510.3

Water Budget 146, 733 728 1546 -192.3 -147.8 -187.8
(Deficit/ Surplus)

The Basin is already under water stress and is also quite sensitive to climaitiocenkd
the pessimistic conditions which lead to decreased water supply and incredeediemand
occur, the resulting successive water deficits will significantly affect the agriallsector.
Moreover, even when the optimistic scenario (RCP4.5) is assumed to occur, it issioiepos
observe a significant improvement in the water budgable 3.7). Accordingly, efficient water
management policies are crucial to solve water problems and to sostamable development

in the Akarcay River Basin.

83



3.6 Water Management in the Basin

In addition to a central government and its institutibr@éarementionedn the institutional
structure of Turkey (Section 2362), the Akarcay Basirhas rural area implementation units.
Basin, while the government and affiliated units make strategic decisions ans, phe
implementation of those are operated by theatites of relevant ministries, provincial and local
administrations, publiprivate consortiums i.e. NGOs and companies. In order to manage
irrigation, there are irrigation organizations which cover water useriagsas (WUA), irrigation
cooperativesand local management irrigation organization (LIO). LIO are limited and have
responsibility from a small number of irrigation areas. Currently, there are 27ationg
organizations for the management of irrigation. Almost all irrigation cooperdtaxethe status
of groundwater irrigation cooperatives (GWIC) (SHW, 2018).

The establishment of GDWM is a big milestone for water management of the Turkey and
Akarcay Basin. GDWM works as a leading water management authority iffittitrecy together
with related governmental and ngovernmental organizations and affiliated boards such as the
Water Management Coordination Board and Basin Management Committee ngnsisthe
Provincial Water Management Coordination Board. They have been necessary farifoatiba
country to meet the requirements of IWRM.

Since the early 2000s, water management activities have been enhanced by theegbvernm
in order toprotect the basin’scarcewater resourced he first detailed report carried out in the
basin was “Hydogeology of Akarcay Basin and Groundwater Flow Model” by Hacettepe
University in 2002. In general, the aim of the projeets evaluating groundwater and surface
water flow and quality dynamicanddetermination of the relationship between groundwater and
surface watemhich is expressed with mathematical models in the basin.

Thelmplementation of the Watéramework Directive in Turkey has supported I WRM
approach in the country and the basAlong this line, Basin Protection Action Plans (BPAPS)
were prepared for all 25 basins between 2009 and ZD4d &lentify the mostritical problems in
the basin, the AkarcaRiver Basin Protection Action Plamaspreparedn 2013 This planwas
developed in a shorter period and considered as a predecesmniore comprehensive River
Basin Management Plans (RBMPs); #ation pans thus help start the implementation of priority

measures.
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Having a limited amount of water resources and vast agricultural, lasavell as being a
closed basinmake Akarcay Basione ofthe most vulnerable areaf Turkey against droughts.
Turkish Governmerttasmade efforts to determine the possible changes in climakéhe impacts
of these changes correctly, in ordentitigate the negative impacts of possible droughtstoods
and keep water scarcity at the minimum level by determining measures to be takencueing
and after the drought periada 2013, the General Directorate of Water Management (GDWM)
had started “ The Effect of Climate Change on Water ResoBrogsct” and the climate project
for Akarcay Basin was finished in 2016 (GDWM016). In 2015, Akarcay Basin Drought
Management lan wasprepared by analyzing drought indices, water budggties, drought risk
maps, and sectoral vulnerability analysesach basin

In 2017 the AkarcayBasin Master Plawasprepared by State Hydraulic Works to evaluate
the potential of soil and water resources in the basin. To initiate a compvehfeasibility study
at the river basin level, the hydrometric netwarks promoted, and the surveys were conducted
for the evaluation of irrigable lan@his master plawill be used in the preparation thfe Akarcay
River Basin Management plaflso, with the support of GDWM, the first biological monitoring
in the Akarcay basin, according to the WFD, started in 2017 to measure water qualityasithe

In 2018, AkarcayBasin Sectoral Water Allocation Pléor years 2019 to 2024 wésished
to determine the current situation and future sectoral water demands (drindivyonmental
need, agriculture, trade, energy, tourism, mining, and recreation etc.) for watetigbote
projections at basin scale (for the climatic conditions of normal, mild, mediewmee and very
severe arid periods

The complex watershed managemémind in theadministrativeand legal structureof
Turkeyin termsof naturalresourcenanagemeralsoexistsin AkarcaywatershedAccording to
thelegislative framework, there are many laws and regulations related to the abiosenwater
and otherresources. The incoherence of legislation results in institutional conflidte\eerlaps,
which causes coordination and authority problems within the basin. Due to thadpgets and
multi-headed management structure, many difficulties have been experienced through the

development and implementation of a management plan for the entire basin until today.
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3.7 Policy Recommendations for Akarcay River Basin

Based on the findings of this study, policymakers, NG&gsiculturalextension agents,
households, rad stakeholders should consider the following recommendations in order to
sustainably manage the waters of the Akargay Basin.

The critically important agricultural sector continues to use traditional irrigatiethods
(flooding, furrow, border, etcgndoutdated water transfer systems. To sustain the water resources
in this drought-pronegegion, wateisaving technologiesuch as sprinkler or drip systersisould
be widely used and, water distribution networks should regularly be maintained taizmini
leakages and water loses. The government can encourage this technologicarriaygitoviding
tax incentives to farmers. In addition, irrigation fees should be levieatding to volumetric
water consumption. However, such a major chanigletake time die to Turkey’s legal and
institutionalsystem. In the meantime, measuring devices should be installed at every water intake
location, as well as assigning and collecting water fees.

The groundwater supplies in the Akarcay Basin are under strong anthmappgessure
due toa significant number of illegal wellsand overabstraction of nomenewable groundwater
for irrigation. Therefore, current boreholes inventory should be documented, boreHhels dril
should be auditedand laws that cover the pumpimmj groundwater should be consistently
enforced Also, more funding should be granted to groundwater research so that water managers
can base rules and regulations on current scientific data.

Basin waterresources are highly contaminategdexcessive usef@griculturalchemicals,
industrial and urban wastewatkschargeand geothermal water return. The government needs to
expand the coverage of wastewater collection networks and treatment and reuse af tihrese
waters. Treated wastewater should bedur irrigating agricultural crops and parks. Countries
with serious water shortage problems such as Saudi Arabia does just that. This wilhemeat
water sources and contribute to sustainable environmental protection. In addsiteadi of
injectinggeothermal fluids in to surface water resources as happens now, geothermaiduids s
be injected back into geothermal reservoirs using wells with thick casing tonpaess
contamination of brines with groundwater systeRisally, more wells needo be open to dug to
monitor groundwater pollution.

Climatechange will put additional pressure on already stressed water resout¢@sgay

Basin There is a need to invest in research in order to improveréagciion of the impacts of
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climate changeto develop effective mitigation arablaptation strategiegbat areessential for
ensuring sustainable water managemieatisiornmakers should develop an early warning system
that monitors changing climatic conditions and triggers contingency plaresfasttsign of water
shortage, offering water managers and farmers the best chances of avoiding crep failur
Restrictions should be put in place that would limit or prohibit the planting @rtatsty crops

like alfalfa and sugar beets. Crops and plants that are low water consumpltanoaghiresistant

such as grapes and beans should be cultivated to achieve efficient water use.

Given the environmental impact of dams and high levels of evaporation, aquifer recharge
and storagdrom neighbor basinshould be seriously considered. Some advantages of this
approach are no evaporation losses from the groundwavesr permitting, construction and
operation costs, reducesergy use andreenhousgas emissionsandmore local control over
water resourced.his method can improve water and food security under climate change.

In addition to technical measurésis necessary to approach given watershed management
as a whole and carefully evalie the local peopkestructure andgtakeholder participatiomhe
projects and progranfer the Akarcay basirat the government levebntinue,and participation
of theprivate sector and water user organizations has been increasing. Hamarenesamong
the local people about environmental issues and wateritydaave so far not been &lib achieve
the desired leveEducatiorprograms fothe public regarding hydrologic systems, environmental
degradation, anctlimate changeare one of the big partof increasing awareness about
groundwater depletion and litad water in the basin. It's important tHatal people understand
how much water theyse and where it's coming frorhpw scarce it is in that regipandwhat
they can do to conserve wat€n the other hand, wheflarmers andocal people have direct
responsibility for managing common water resources, they are likely to mitigakeydrological
degradation of these resources.

The current institutional frameworks are incapable of achieving sustainableteghied
water resource managemefs the caintry continues to undertakaeasures to fulfilbbligations
to harmonize its water poliayith those of the European Union (EWanychanges were made
to existing water legislatioand institutionsThese changdsave created a&omplexhybrid water
manag@ment systerm whichdepartmental responsibilities are not wadfined.Additionally, the
existingwater law(which dates back to the 192@s)es not sufficiently address masguessuch

as wateirelated construction (e.g., dams), industrial water needs, groundwater usgggofryi
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environmental degradation, and pollutibmaddition to these gapsxisting water legislation s

not adequatelgssign authority and responsibility for watetated mattersTheDraft Water Lav,

one of the fruits of the legislative harmonization process, was formulated im88X%2ill has not
been enacted:his Law takesa holistic andintegrated approach to wateanagemerdt the basin
scale Although basidevel water management institutiodmsve been in place sie 2012thebasin

still has a mul-headed management structurevhich different ministries and institutions have
independent bubverlapping responsibilitieshat yield mismanagement of water resources.
Assigninga single responsibleinistry, such aglefined in the 2012 Draft Water Law, could help
in coordinating anéhtegratng water managementther ministries should haxanadvisory role,
not decisioAamaking authorityIf this is not feasible in the near futdutenthe governmenghould

give currentvater institutions cleaguidance on what their exact tasks should be.
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CHAPTER 4
CONCLUSIONS

The world’s freshwater resources are under increasing pressure due to the grovang hum
population, expanding economic activities, imgdvliving standards, and changing climate
patterns. Water deficiency in many arid and sard regions is becoming a major constraint for
economic welfare and sustainable regional developrii@ese regions are characterized by high
spatial and temporal imbalances of water supgpig demandseasonal water uses, inadequate
freshwater resourceand poor water managemeerall.

This research developed recommendations on how to sustainably manage wasecay Ak
Basin. It gained insights from the acaderiterature on how countries located in arid and semi
arid regions deal with their limited water supplies

The case studies were insightful in the following ways. The water management sfstem o
Murray Darling River Basin and Colorado River Basin are decentralized, wast thlem to
adapt to changing environmental conditions and be more resilient to drotulets.have
undergone significantwater planning and management reforms in response to severe
droughtsThese reforms represent important milestomemulti-decadal efforts to confront a
similar set of defining challenges across the two basins:-allmation, climatic variability,
upstrearrdownstream tradeffs across multiple jurisdictions, and the need to balance water for
people and the environme Water management in these basins also shows how IWRM is an
ongoing process that gives continuous challenges and various outcomes. Therefore, adaptive
management of these basprsvides the opportunity to “learn by doirigallowing refinement of
management approaches through time.

The main strength of the Australian water management strategy is that it tendstioage
a holistic and integrated view of managem@uistralianwater management systejves citizens
considerable power in identifying issues, selecting priorities, and developing ssaigi
learning from the past and navigating traudis, water policy in the MDB has been integrated and
framed with the basiscale approachlhe Colorado River Basin management also has become
collaborative and adaptive. In the basin, althouggtdric agreements have led to catocation
andunsustainable use of water resourcesent droughts with a high level of water consumption

provide policy windows for creative solutioatso opportunities for agéation In recent years
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adaptivenanagemerttasprovided greater societal participation in the understanding and decision
making of the ColoradBiver and increaseattention to how water users and managers incorporate
environmental issues into a moreith(HJUDWHG VHW RI SURJUDPV WKDW RIIHI
HITHFWLYH ZD\ WR DYRLG XQGHVLUDEOH WUDGH(RIIV DQG FR(

Despite the arid to hyparid conditions in Saudi Arabia, thengdonis water policy was
mostly supplymanagement. Freshwater was ppded for free or at heavily subsidized prices. It
also pursued a policy of wheat ssiffficiency in the late 1970s and abandoned it in 2008 after
suffering a significant financial cost and inflicting hydrological damage to cwerdaquifers. A
decade agdhe Kingdom reversed course started importing wheat (virtual water),smgeeater
tariffs paid by consumersvhich would reduce both water consumption and dependency on
energyimtense expensive desalinatiolmhe government is expanding its public asveess
campaigns about environmental issues, especially about wesecity and the need for
conservation. All these are positive stépst if maintained, will help put the country on a more
sustainable path.

Much like Turkey, the interior of Iran is vast and generally arid. This was aggravated by
climate change, growing water demaandd decades of mismanagement. Water scarcity is handled
as crisis management where policies are mostly reactive, and not strategic. The rawetrl |
public participatioo makes it harder to manage the country’s water resources sustainably

Like Saudi Arabia and Iran, all developing countries in the world have the right to develop
their water resources and economies so to meet the aspirations of their peopleerHtvisev
process often produces costly environmental problems such as those experienced byaBeudi Ar
It appears to have learned a lesson from its decades of misguided farming policg, veaieit
subsidy. On the other hand, the system in Iran appears to be less adaptive than that ra&audi A

Turkey is an interesting example as a developing country that tries to adanfmean
water management strategies (Water Frame Directive) but with legal, instituéiodaconomic
drawbacks. Turkey’s desire foin the European Union has had-faaching consequences for its
water policy. Last three decades, Turkey’s water policy has been moved away fre@vitg h
centralized public policy systemvhere now the country enjoys strong private sector participatio
However, there are stil rather weak integration and participation of environmental issues into

water policy and management.
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The three main conclusions from this research regarding water managememiairijasy
Basin are: Firstdecades of poor water management have contributed to the degradation of the
ecological health of the Akarcay Basifhe high number of illegal wells, traditional wasteful
irrigation methods, insufficient pollution control, weak enforcement of regulationsoaridvel
of ernvironmental awareness and public participatiesulted in the unsustainable use of water
resources in the basin.

Second,the current institutional frameworks are incapable of achigwustainable and
integrated water resource managemastthe countrycontinues to undertake measures to fulfill
obligations to harmonize its water polieyth those of the European Union (EWyanychanges
were madeo existing water legislatioand institutions. These chandesve created complex
hybrid water managemenystemin which departmental responsibilities are not wagffined.
Numerousinstitutions have overlappingtasks that often do natoordinaé with one another,
causinghydrologically and economically wasteful use of resources in the Bdsne isstill no
modern, comprehensiwgater law The Draft Water Law is one of the fruits of the legislative
harmonization process, was formulated in 2012. However, water law has not corfieedatyet
due to the indecision of politicians in finalizing the law. In ofdesustainably manage the waters
of the Akargcay Basin,he current Draft Water Lavghould be enactedAssigning a single
responsible ministry, such as defined in the 2012 Draft Water Law, could help in coagdarati
integrating water managementherministries should havanadvisory role, not decisiemaking
authority If this is not feasible in the near future, then the government should givatouater
institutions clear guidance on what their exact tasks should be.

Third, according to globatlimate models, climate change will significantly redube
availability of water,ncrease drought frequency, and uncertainties regarding the weather
basin. Therefore, adaptive management strategies a@atito adjustchanging environmental
conditions and to be more resilient to future droughts.

Socially inclusive water policies, good water governaneéich also supports
environmental valuesreessential for the sustainable development and integreiedgement of

water resources the Akarcay River Basin and others in Turkey.
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