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ABSTRACT 

 

Water underpins the survival of the ecosystem and of human civilization, which exists within 

a certain delicate balance. Water is especially crucial to the economic development of developing 

countries that happen to have limited water supplies.  The state of Turkey once called Asia Minor 

for its large size, has relatively more freshwater supplies than most countries in the Middle East. 

However, the interior of Turkey, in which the Akarçay Basin is located is water scarce. The 

Akarçay River Basin, one of 25 rives basins in Turkey, is located in a semi-arid region of the 

country. It has several towns and villages as well as a thriving agricultural sector, in addition to 

some manufacturing, mining, and tourism. The basin has two large lakes around which lots of 

fruits and vegetables are grown for local consumption and for exporting to the rest of Turkey. The 

hydrological pressures in this basin have been mounting due to physical water scarcity, elevated 

water needs of the domestic and agricultural sectors, rising frequency of droughts, and declining 

water quality due to high levels of pollution. Despite the agricultural importance of the Akarçay 

Basin, there is a dearth of studies in water resources planning and management. This thesis seeks 

to assess the status of water management in the Akarçay Basin and to develop policy options for 

sustainable management of water resources in this important region. The research also analyzes 

institutional and planning frameworks of how river basins have been managed in Turkey and 

examines actors and institutions, historical experiences, and geographic contexts of two basins in 

developed countries, the Colorado River Basin in North America and the Murray-Darling Basin 

in Australia, as well as water challenges in two developing countries, namely Iran, and Saudi 

Arabia in the Middle East. This multiple case study approach is useful in understanding successful 

water management practices that can provide insights for decision-makers in the Akarçay Basin.  

 The thesis finds that over the last few decades, water resources in the Akarçay Basin have 

been managed unsustainably. This is mostly due to poor governance and government indecision 

in finalizing a modern comprehensive water law.  Furthermore, it finds that the basin has a complex 

water management system where responsibilities are not well-defined. That is to say; numerous 

institutions have overlapping responsibilities that often do not coordinate with one another. In 

addition, climate change is projected to affect the availability of water supplies in the basin 

adversely.  Finally, the thesis proposes a few policy recommendations for how to sustainably 

manage water supplies in the basin. 
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CHAPTER 1 

OVERVIEW AND METHODOLOGY 

 

“We forget that the water cycle and the life cycle are one.” — Jacques Yves Cousteau 

As Gleick (1998) points out, “water is not essential to sustain life, but it also plays an integral 

role in ecosystem support, economic development, community well-being, and cultural values. 

Gleick adds “water is now recognized as a common good and community resource, but it is also 

used as a private good or economic commodity; it is not only a necessity for life but also a 

recreational resource; it is imbued with cultural values and plays a part in the social life of our 

communities.” 

Freshwater resources are finite and unequally distributed. The world faces a wide range of 

ecological and human health crises related to inadequate access to or improper management of 

clean, freshwater. Furthermore, changing and uncertain future climate will have a significant 

impact on the sustainability of water supplies by altering hydrological cycles, making water more 

unpredictable, and increasing the frequency and intensity of floods and droughts (UN). Water is 

linked to many sectors, i.e., environmental, socioeconomic, energy, food production, and the 

similar. World Economic Forum’s Global Risks Reports have listed water crises as one of the top 

five risks in the world for the third consecutive year (World Economic Forum 2016, 2017, 2018).  

The Akarçay River Basin is located in a semi-arid inner Turkey. Historically basin has been 

managed unsustainably and is already facing physical water scarcity due to frequents droughts, 

increasing water demand for agricultural, economic and household purposes, and declining water 

quality due to the high rate of pollution. Water management and sustainability have emerged as 

perhaps the most critical natural resource issue in the Akarçay Basin, as well as in other semi-arid 

regions in Turkey. This research seeks to assess the status of water management and the impact of 

climate change on the Akarçay River Basin. Furthermore, the thesis develops a menu of policy 

options for the sustainable management of water resources in the Akarçay Basin in Turkey. 

In order to analyze the sustainability of the Akarçay River Basin and develop policy 

recommendations, the following methodological steps were taken. The case study approach is used 

as a research methodology to review the strategies used in the water management and planning 

process. In this context, this analysis of the Akarcay Basin relied exclusively on Turkish 

government data. National data on Turkey were drawn from the Turkish government and 
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international institutions (e.g., World Bank; UN; FAO). 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, and semi-arid regions. To create maps 

for the Akarçay Basin, State Hydraulic Works, and GDWM data were used and visualized with 

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

The research also analyzes institutional and planning frameworks of how river basins have 

been managed in Turkey, and it examines actors and institutions, historical experiences, and 

geographic contexts four particular cases from different parts of the world. The selection of these 

four particular cases was based on several criteria. Firstly, these countries are located in semi-arid 

and arid regions, where precipitation varies drastically in summer and winter, are susceptible to 

droughts, and have high levels of water extractions relative to the available freshwater supplies is 

commonplace. Another selection criterion was the development level of the countries chosen. Two 

developing countries were chosen due to their similarities with Turkey in regard to the country 

size, cultural trends, population, and hydro-climatic conditions. Inversely, two river basins in 

developed countries were chosen because they provide helpful insights to develop sustainable 

management solutions. Developed countries such as Australia and the USA, have the strongest 

voices in the multinational banks and international organizations that address issues of global 

concerns related to development, and the environment. Furthermore, they have a longer history in 

terms of modern water management practices and have undertaken ambitious water reforms (U.S. 

Clean Water Act of 1972, Australian National Framework for Water Reform 1995), so there are 

lessons that can be adopted for the Turkish case. 

Based on the literature review on extensive resources, I discovered that there is a lack of data 

on hydrology and water management of Akarcay Basin except for government data. Although the 

Turkish government employs many hydrological professionals and has been funding a number of 

ongoing programs and projects related to water management of Akarcay River Basin, all these 

programs are vulnerable to bias in their scope based on political agendas within the country.  
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CHAPTER 2 

LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

 

2.1 Sustainable Water Resources Management 

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

Flint et al. state that “Sustainable means continuing without lessening” (Flint et al., 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 environment (Flint, 2004). According to the 

World Commission on Environment and Development (1987), "Sustainable development is a 

development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs."   

Water is an essential natural resource for the development of human society as well as the 

most vital source for the viability of social and environmental systems. Water systems such as 

lakes, rivers, aquifers, large marine ecosystems, and oceans support the socioeconomic 

development and wellbeing of the world's population. Many of these systems are linked to goods 

and services that people depend upon, like food and energy (TWAP). 

 

 

 
Figure 2.1 Distribution of world water resources (UNESCO/Cambridge Energy Research 
Associates) 
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For today`s water status, although water seems one of the most abundant resources on earth 

(97% of the Earth’s water is seawater), less than 1 percent of the total water supply is available for 

human consumption (WHO&UNICEF, 2016). The current world population of 7.7 billion is 

expected to become 9.7 billion in 2050, with approximately 83 million people being added every 

year (UN, 2019a).   

The upward trend in world population and improvement in the quality of life are an ongoing 

process and which will continue to increase water demand to a great extent as the world’s 

population increase (growing demand for water from agricultural, industrial, and domestic), and 

water demand rises, water stress and the threat of water scarcity is now a prevalent 

concern. According to the International Water Management Institute (2014), 1.2 billion people 

already lack access to water, and 500 million people are approaching this situation(Luo et al., 

2015)(Figure 2.2 Water stress by country: 2040 (Luo et al., 2015). 

 

Figure 2.2 Water stress by country: 2040 (Luo et al., 2015) 

 

Agriculture accounts for 70 percent of the world’s annual freshwater consumption, so water 

availability will be one of the greatest challenges to future food security. With increasing water 

demand to raise crops to feed the burgeoning global population, efforts to produce more food with 
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less water are critical to averting a crisis. According to the Food and Agriculture Organization, the 

number of hungry people in the world has grown to 820 million people in 2016(FAO, 2019). 

Furthermore, climate change is projected to have significant impacts on water supplies 

throughout the world in the coming decades, with many counties facing greater risks of water 

shortages than others. Climate change will disrupt traditional weather and run-off patterns and 

could increase the frequency and severity of droughts and floods, changing when and where getting 

snow and rainfall (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). 

 

 

Figure 2.3 With and without climate change effect on USA (NRDC, 2010) 

 

In 2002, The Millennium Development Goals (MDGs) campaign was launched to 

accomplish a set of essential social and environmental targets worldwide. The recent initiative 

involves 17 Sustainable Development Goals and 169 targets addressing environmental, financial, 

and social aspects of development, and aims to end poverty, starvation, illness, unsuccessful 

education, gender inequality, and environmental degradation and ensure prosperity for all. SDG 6 

is a dedicated water goal – to “Ensure availability and sustainable management of water and 
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sanitation for all” (UN, 2019b). Access to safe water and basic sanitation service and sound 

management of freshwater ecosystems are the basis of sustainable development. It also addresses 

other water management elements such as global collaboration, capacity building, and involveme

nt of stakeholders (UN, 2019b).  Not only does SDG 6 have powerful connections with all the 

other SDGs, but it is also essential to achieving them. The Second Sustainable Development Goal, 

“End hunger, achieve food security and improved nutrition and promote sustainable agriculture,” 

calls for collective, inclusive, and multidisciplinary action to address the complex root causes of 

hunger and malnutrition. Water and food security are complex sustainable development issues, 

linked to health through malnutrition, but also to sustainable economic development environment 

and trade (WHO& UNICEF, 2016). 

Sustainable management under conditions of uncertainties ought to consider long-term 

planning and policy settings in a continuous cycle of data update, data analysis, and re-evaluation, 

and upgrade and improvement of policies and action plans. In setting water policies and strategies, 

decision-makers at the national and international levels often focus on meeting people’s needs. 

However, water managers have to deal with a host of interlinked issues: quality, supply, allocation, 

distribution, equity among present and future generation, resource vulnerability and sustainable 

reliability use, biological diversity, and ecological integrity (Kabat & Van Schaik, 2003). 

 

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, in order to 

maximize the resultant economic and social welfare in an equitable manner without compromising 

the sustainability of vital ecosystems.”  This definition recognizes the existence of water resources 

as an integral part of the viability and integrity of the ecosystem, environmental, economic, and social 

good, whose quantity and quality decide the nature of its usage (ICWE, 1992).  

IWRM strategy was developed International Conference on Water, and the Environment 

(ICWE) held in Dublin in 1992. The following principles emerged to guide global water 

management and development efforts (ICWE, 1992):  

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

life, development, and the environment.  
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Principle 2 “Institutional”: Water development and management should be based on a 

participatory approach, involving users, planners, and policy-makers 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 competing uses and should 

be recognized as an economic good. 

The Dublin Principles provided the founding of the conceptual framework of IWRM, which 

summarized by Integration, Decentralization, Participation, and Economic and Financial 

Sustainability. 

The first principle of IWRM develops a connection between natural protection and socio-

economic growth, so it requires a holistic approach to create coordination between human 

activities that affect water resources in a given basin. IWRM applies this principle through the 

focus on integration between all water-related industries. To effectively facilitate coordination 

between different water sectors, IWRM supports the creation and empowerment inclusive 

institutional framework that takes account of all characteristics of the basin. In addition to cross-

sectoral integration, this principle addresses the need for vertical integration between local, 

regional, national, and international water users and institutions(GWP, 2000) (Figure 2.4). 

 

 

 

 

 

 

 

 

 

Figure 2.4 IRBM and its relation to sub-sectors (GWP, 2000) 
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The second principle emphasizes subsidiarity in order to increase involvement. This concept 

is incorporated into the ideas of decentralization and participation. The effective level of 

decentralization depends on the characteristics of the specific water management problem; 

therefore, IWRM pursues a good balance between a top-down and a bottom-up management. It 

also discusses the need for mechanisms to be created to enable participation in decision-making at 

all spatial scales. 

The third principle emphasizes the close relationship between sustainable water management 

and gender equity. IWRM applies this principle through its emphasis on empowering women 

through a participatory approach and capacity building. While it is critical to change practices 

based on gender discrimination to allow women to be involved in decision-making processes, this 

will require a radical change in many traditional understandings of the roles of women. Therefore, 

this principle a 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 and to influence people’s behavior towards conservation. IWRM 

incorporates this principle into its strategies through the concept of economic and financial 

sustainability. IWRM places great emphasis on the economic value of water to protect it from 

being used unwisely or wastefully.  It must be recognized that access clean water and sanitation at 

an affordable price is a basic human right, so governments must provide a certain volume of water 

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

 

 

Figure 2.5 General framework for IWRM (GWP, 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 provide a one-size-fits-all 

prescription as there are large variations in political, cultural, social, economic, and environmental 

frameworks between nations. The implementation of the IWRM process can, therefore, differ from 

country to country and region to region as there are no blueprints valid for all cases (GWP, 2000). 

IWRM offers a practical framework that can be adapted to the distinctly national, regional, and 

local context. In some countries, the implementation of IWRM might be complicated by lack of 

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

 

2.3 The Synergy between IWRM and Sustainability  

In order to achieve the sustainability of water resources, decrease water scarcity, and prevent 

future water crises, different management approaches employed. However, traditional, single 

focus approaches to natural resources management have been challenged and criticized since the 

1970s and have proved to be ineffective in dealing with the multifunctional nature of water 

(Ludwig, 2001; Rittel & Webber, 1973). IWRM is widely seen as a feasible strategy for achieving 

sustainable management of water resources, and the principles of IWRM provide a backbone to 

the process of sustainable water management plans (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, and environmental 

concerns. The integrated approach coordinates the management of water resources across sectors 

and interest groups, from local to international, and at different scales. It emphasizes participation 

in national policy and legislative processes, establishing good governance and creating efficient 

institutional and regulatory arrangements as paths to more equitable and sustainable decisions. 

 

2.4 The Synergy between IWRM and Water Governance  

Governance, as we have seen, can be defined as “the sum of the many ways individuals and 

institutions, public and private, manage their common affairs” (Meganck & Saunier, 2007). Water 

governance is defined by United Nations Development Program (2013) as “[…] the political, 

social, economic and administrative systems that are in place, and which directly or indirectly 
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affect the use, development, and management of water resources and the delivery of water services 

at different levels of society”. 

Water governance contains the formulation, establishment, and application of water policies, 

legislation, and institutions, as well as clarification of government, civil society, and private sector 

roles and tasks concerning water resources and services. The results rely on how the stakeholders 

behave about the laws and roles given to them (WGF, 2019). It also determines the equity and 

effectiveness of the allocation and distribution of water resources and services and balances the 

use of water between socio-economic operations and ecosystems. 

The global water crisis is rarely an issue of physical water scarcity alone, it is also a 

governance issue, and the effective application of IWRM is dependent on the water resources 

governance framework. The strong interconnectedness of water governance and IWRM are 

captured by the fact that “the specific design of a governance system affects the decision-making 

and implementation of IWRM” (Ibisch et al., 2013). 

 

Adaptive Management  

Due to increasing uncertainties caused by climate and global socio-economic change, water 

management is facing major challenges. In addition, due to the iterative nature of IWRM, there is 

a need for a change in current water management practices towards more flexible and adaptive 

approaches. Adaptive management could be described as “learning to manage by managing to 

learn” (Pahl-Wostl, 2007). Therefore, adaptive management refers to a systematic process for 

continuously improving management policies and practices through learning from the 

consequences of implemented management strategies. 

Adaptive management includes defining the management problem, setting clear 

management goals, developing system models that s current understanding, framing management 

actions as hypotheses, and emphasizing learning through monitoring, informing adjustments to 

management practices (Rist et al., 2013). This experimental pathway provides a way for managers 

to understand and reduce uncertainty and improve their management policies and practices (Pahl-

Wostl, 2007; Rist et al., 2013). Adaptation is also essential at all scales, including adaptation by 

local governments, businesses, communities, and individuals (Denton et al., 2014). 
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2.5 Water Management in Different Parts of the World 

This section aims to describe different methods of water management planning as they have 

been practiced in selected countries.  Through this comparative analysis, an understanding of water 

resource management around the world will be revealed. On this basis, this section examines actors 

and institutions, historical experiences, and geographic contexts in two basins in developed 

countries, the Colorado River Basin (CRB) in North America and the Murray-Darling Basin 

(MDB) in southeastern Australia, as well as two developing countries Iran, and Saudi Arabia in 

the Middle East (Figure 2.6). These multiple case study approach helps to illuminate the 

importance of the studies’ varying backgrounds and to understand successful practices that can be 

adopted in the water management of Turkey.  

 

 
 
 
Figure 2.6  The global distribution of water scarcity by major river basin based on consumptive 
use of water in irrigation (Adapted from FAO, 2011) 
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Table 2.1 Hydro-political characteristics of Colorado River Basin, Murray Darling River Basin, 
Iran, Saudi Arabia, and Turkey  
 

��
  

2.5.1 Water Management in Australia (Murray Darling River Basin)  

The Murray–Darling Basin (MDB) is situated in Southeast Australia and covers an area of 

over one million square kilometers, which is equal to 14% of mainland Australia (Figure 2.7). The 

MDB extends to four Australian states (Queensland, New South Wales, Victoria, and South 

Australia) and the Australian Capital Territory.   

The Basin is the largest and most complex river system in Australia and is divided into a 

semiarid, summer rainfall-dominated northern Darling River catchment, and a temperate River 

Murray catchment in the south (MDBA, 2017). The Basin contains 23 major river valleys as well 

as essential groundwater systems. More than 3 million people rely on water from these rivers and 

catchments for the survival of their families, communities, and industries (MDBA, 2017). 

Furthermore, MDB contains highly valued water-dependent ecosystems, including nearly 30,000 

wetlands, and 16 of them are listed under the Ramsar international convention (Overton et al., 

2013).  Therefore, it has a vital role in supporting biodiversity for many different animals and 

plants (MDBA, 2013).  

 UNITED 
STATES 
(Colorado 

River Basin) 

AUSTRALIA  
(Murray -

Darling Basin) 
IRAN  

SUADI 
ARABIA  TURKEY 

Political 
System  

Federal 
Republic 

Parliamentary 
Democracy 

Theocratic 
Republic 

Absolute 
Monarchy 

Presidential 
Republic 

Population  40 million 3 million 82 million 31 million 81 million 

Land Area 629100 km² 
1.06 million 

km2 
1.65 million 

km2 
2.15 million 

km2 785347 km2 

GDP Per 
Capita  

$64.77 
thousand 

$55.42 
thousand 

$8.82 
thousand 

$22.51 
thousand 

$8.51 
thousand 

Agricultural 
Water Usage  

85 percent 70 percent 92 percent 88 percent 72 percent 

Main Water 
Management 
Institution  

US Bureau of 
Reclamation 

Murray Darling 
Basin 

Authority 

Ministry of 
Environment 

Ministry of 
Water and 
Electricity 

Ministry of 
Agriculture 
and Forestry 

Water-Related 
Law 

1922-Law of 
the River 

2012-Water 
Law 

1982-Water 
Law 

Islamic Water 
Law 

1926- Water 
Law 
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Figure 2.7 Geographical map of Murray Darling Basin (MDBA) 

 

Australia is one of the world’s driest countries, and its economy relies heavily on sustainable 

water management (Papas, 2018). Future climate change scenarios suggest a drier and more 

variable climate with continued and intensified drought periods (CSIRO, 2008; Pittock, 2013). The 

MDB suffers from highly variable rainfall patterns both in time and space, and the basin has a long 

history of floods and droughts. Its annual average rainfall ranges from less than 300 mm in arid 

western regions to more than 1500 mm in some eastern upland areas, and there are also sometimes 

severe droughts (MDBA, 2017). Due to a high rate of evaporation, wide-ranging floodplains, and 

a significant number of water diversions for towns and agriculture, much of the surface water in 

the basin does not reach the ocean (MDBA, 2017).  Salinity is another major basin management 

challenge. For climatological and geological reasons, many parts of the Australian landscape are 

naturally salty, but human activities can cause salt levels to rise (AG, 2019). Drought conditions 

across much of Southern Australia, salinity, �D�Q�G���R�Y�H�U�(�D�O�O�R�F�D�W�L�R�Q��are now leading to a decline in 

the health of the basin (Garrick et al., 2014).  
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As the most important agricultural region in Australia, MDB has indeed contributed to 

economic growth, but growth achieved by exploiting the region’s water resources has gone beyond 

the basin’s rate of replenishment (Williams, 2017).  The catchment accounts for 40 %( $15 billion) 

of Australia’s gross value of agricultural production, and MDB uses 52% of Australian water 

consumption (Department of Agriculture and Water Resources, 2019), therefore sustainable 

development and efficient use of water is crucial to 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 federal system of government, water resource and irrigation development 

have been mainly the responsibility of the states, each 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, 2012).  In each state, water rights include a permanent water 

access entitlement (the right to receive water each year) and temporary water allocation (the 

physical water available for use), and each state defines these rights slightly differently to manage 

water resources (NWC, 2013).  

The water management of the MDB has evolved as a response to new economic, social, 

political, and environmental pressures. The first planning phase of the MDB had started back over 

100 years due to the conflicts over water use between the states of New South Wales, Victoria, 

and South Australia. Each state desired to secure the right to use the water for its citizens. After 

long-lasting (13 years) negotiations, the first water-sharing agreement between three basin states 

called the Murray Waters Agreement was signed in 1914. The main items of the agreement were 

a package of efficient water-sharing rules, provisions to infrastructure development. In 1917 the 

River Murray Commission was established to administer the agreement (MDBA, 2010). The 

Commission was only dealt with the issues related to water quantity until severe drought, and the 

salinity problem had arisen within the MDRB in the late 1960s. These problems contributed to 

minor legal reforms in the River Murray Waters Agreement in 1982, which extended the 

commission's responsibilities to address water quality, environmental, and recreational issues 

(MDBA, 2010). Despite the changes in the early 1980s, the Murray Waters Agreement and River 

Murray Commission failed to satisfy the needs of the Basin’s management and its increasing 

resource and environmental problems.  Therefore, in 1992, the Murray Waters Agreement was 
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replaced by The Murray-Darling Basin Agreement, which was gained full legal status in 1993 

through the ratification of all jurisdictions. This agreement addressed to coordinate and promote 

effective planning and management so water and land resources could be used in an equitable, 

efficient, and sustainable way (Haisman, 2004). Under the agreement, managing the quality and 

the quantity of the Basin’s water resources became a priority (MDBA, 2010). Three institutions 

were established to support the implementation of the Agreement.   

�9 The Murray-Darling Basin Ministerial Council, which was the decision-making body  

�9 The Murray-Darling Basin Commission, which was the executive and advisory body of 

the Council  

�9 The Community Advisory Committee, which gave the Council advice from a public 

perspective  

 

 

 

 

 

 

 
 
 
 

Figure 2.8 The Murray-Darling Basin (MDB) organization under the 1992 Murray-Darling Basin 
Agreement (Ross A , 2016) 

 

Furthermore, The Ministerial Council has developed a framework The Natural Resources 

Management Strategy,  to promote a coordinated and integrated, strategic approach to natural 

resource management by governments and the public to overcome local problems (MDBA, 2010). 

Public education was regarded as an essential part of this process. Therefore, to raise public 

awareness regarding the significance of environmental conservation and integrated river basin 

management, educational programs were conducted. 

MDB Ministerial 
Council 

MDB Community 
Advisory Committee 

MDB Commission 

MDB Commission advisory committees and working groups 

MDB Office 
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In 1995, An audit of water use in the Murray–Darling Basin was conducted, which found 

that an increase in water diversions between 1988 and 1994 resulted in a decline in the ecological 

health of river system and threatened the ability of the river basin to support the region’s economic 

and social sustainability (MDBA, 2010).  Based on these findings, the Darling Basin Ministerial 

Council introduced an immediate, temporary Cap on water diversions from the Basin in 1996.  

Meanwhile, The Basin Sustainability Plan was prepared to trigger the implementation 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 achieve a “nationally compatible, market, regulatory and planning based 

system of managing surface water and groundwater resources for domestic use that optimizes 

economic, social and environmental outcomes” (NWC, 2011). 

In 2007, the Water Act (Cth) was amended by the Commonwealth Government in response 

to the Millennium drought (2001–2009). The Act was the most critical reform in MDB water 

management, which identified the need to restore over-used rivers and deal with a perceived lack 

of cooperation and sharing of responsibility between state governments on how river system waters 

were managed (MDBA, 2010). Therefore, in 2008, The Water Act established the Murray-Darling 

Basin Authority (MDBA), which has more functions and enforcement power. MDBA received the 

responsibilities of the former Murray–Darling Basin Commission and was charged with the 

preparation of a Basin Plan. The plan consisted of the assessment, measuring, monitoring, and 

recording of water resources, promoting water market rules and water charge, and engagement and 

education of the community in the management process. In 2010, the Authority delivered a draft 

plan to secure the long-term ecological health of the MDB. This plan was revised and became law 

in 2012 (MDBA, 2016), and it was scheduled to be changed every ten years; however, the 

Australian Parliament extended the first review period to 14 years (Connell, 2007). The Basin Plan 

sets sustainable diversion limits or SDLs to ensure there is adequate water left in the environment 

to maintain the health of water resources with healthy and resilient ecosystems. The Australian 

Government has put more than $13 billion towards implementation, including $10 billion to 

recover water to meet sustainable diversion limits (SDLs) (MDBA, 2018). About 20% of the water 

available for consumption ten years ago is now dedicated to the environment. Two-thousand 

gigalitres of water have been recovered using $6.7 bn in funds (MDBC, 2017)  
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As the leading management authority, the MDBA delivers its functions on behalf of the 

contracting governments, the Australian Government and state the governments, and the 

Australian Capital Territory. Figure 2.9 indicates the new MDB organization after 2007.  The 

Council has policy and decision-making roles for state water shares, funding, and delivery of 

natural resource management programs, issues relating to critical human needs as provided for in 

the Act. The Basin Community Committee with a chair and up to 16 other members, including 

eight water users, provides a community perspective on a wide range of water resource, 

environmental, cultural, and socioeconomic matters and advice to the MDB Authority and the 

Ministerial Council (MDBA, 2016). 

 

 
 
 

 

 

 

 

Figure 2.9 The Murray-Darling Basin (MDB) organization after 2007 (Ross A, 2016) 

 

Implementing the Basin Plan and associated water reforms is a long-term investment to 

which the Australian Government and basin states are committed. As a continuous reform in 2018, 

the Murray–Darling Basin Compliance Compact was accepted.  The compact ensures that 

Australian and state governments adopt consistent and transparent approaches to compliance 

arrangements and practices across the Basin. The Compact also includes detailed work programs 

for each Basin state and the MDBA. The primary developments in the institutional and 

management provisions for the MDB are summarized in Table 2.2. 
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Table 2.2 Institutional and management developments in the Murray-Darling Basin, 1992–2019 

Year Institutional and managerial developments 

1914 River Murray Water Agreement  
1982 Amendment of River Murray Water Agreement 
1990 Natural Resource Management Strategy  
1992 Murray-Darling Basin Agreement replaces 1914 River Murray Waters 

Agreement 
1993-1995 An audit of water use in the Murray–Darling 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 revised in-line with the Basin Plan; sustainable 

diversion limits come into effect 
 

The management of the basin was initially state-based, which emphasized water-sharing and 

navigation issues. Over time, the decline in the ecological health of the river system, as well as the 

increase in the awareness of the environmental issues, led to the gradual evolution of the 

management system to an integrated and basin-wide one.  

 

2.5.2 Water Management in Western USA (Colorado River Basin) 

The Colorado River (637,137 km2) stretches from the highest peaks of the Rocky Mountains 

to the Gulf of California and travels over 1,400 miles across a watershed that straddles seven states 

in the United States and two states in northern Mexico (Figure 2.10). The basin is located in the 

driest part of the United States, and it has an arid or semi-arid climate with an average of 400�×mm 

annual precipitation. The water supply relies on gradual snowmelt in the Rocky Mountain range 

and provides roughly 40 million people, including those in the major metropolitan areas of Denver, 

Las Vegas, Los Angeles, and Phoenix, and 22 tribal nations with fresh water. Moreover, the basin 

irrigates 4 million acres of land, provides 4.2 GW of hydropower capacity, and offers a range of 

recreational uses, including 11 National Parks (USBR, 2012; USGS, 2019).  
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Figure 2.10 Geographical map of Colorado River Basin (USBR, 2012) 

 

Known as the lifeblood of the southwestern United States (Berggren, J., 2018), the Colorado 

River offers extensive resources for human and environmental needs and plays a key role in the 

economic, cultural, and political development of the region. The Colorado River basin is at risk of 

water shortages due to the effects of climatic variability, as well as rising demand. The river has 

been over-used since 1922 for agriculture, which irrigates approximately 4 million hectares of 

farmland, producing 15 percent of U.S. crops and 13 percent of livestock (USBR, 2012; Castle et 

al., 2014). In 2012, the U.S. Bureau of Reclamation completed the Colorado River Basin Water 

Supply and Demand Study, which is shown conceptually in Figure 2.11. The study indicates a 

significant gap between available supply and the expected demands of an increasing population 

and demographic changes within 50 years (USBR, 2012). 
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Figure 2.11 Historical supply and use and projected future Colorado River Basin water supply 
and demand (USBR, 2012). 

 

The basin has experienced several extended droughts in the past and has been in a prolonged 

drought since the early 2000s (Udall & Overpeck, 2017; US Department of the Interior, 2018). 

Due to the effect of climate change, the probability of persistent multi-decadal “megadroughts” is 

expected to rise, and the mean flows of the river will gradually decrease (Ault et al., 2016; Vano 

et al., 2013). Between 2000 and 2014, Colorado River flows averaged five times below the 1906–

1999 average (Udall & Overpeck, 2017). 

Water allocations in the basin receive considerable attention, which is based on the basin’s 

two largest dams and their storage reservoirs: Glen Canyon Dam/Lake Powell in the Upper Basin 

(26.2 maf1 of storage capacity) and Hoover Dam/Lake Mead in the Lower Basin (26.1 maf) 

(USBR, 2019). Overuse and climate change have led to low runoff from the Colorado River into 

Lake Mead, where the high-water line sits at approximately 1229 feet in elevation. This elevation 

refers to flood control, and the reservoir is considered operationally full at 1219.6 feet in elevation. 

In early August 2018, Lake Mead’s water elevation hovered around 1077 feet, substantially below 

operational capacity (USBR, 2019) (Figure 2.12, Figure 2.13 ). Over the past few years, declining 

                                                 
1 a unit of volume equal to the volume of a sheet of water one acre (0.405 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 Mead have propelled stakeholders in the upper basin states (Colorado, New 

Mexico, Utah, Wyoming) and lower basin states (Arizona, California, Nevada) to recognize the 

urgent need to change current policies.  

 

 

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

 

Figure 2.13 Lake Mead water level 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 Survey, more than half of the streamflow in the upper 

Colorado Basin originates as groundwater (Miller et al., 2016). NASA’s Gravity Recovery and 

Climate Experiment (GRACE) data for the whole Colorado River Basin over the period December 

2004 – November 2013 indicates the Colorado Basin had lost nearly 50 million acre-feet of water 

(65 billion cubic meters) – equal to two full Lake Meads. Even more striking, 77 percent of that 

loss – some 41 million acre-feet – was water stored underground (Castle et al., 2014). After 20 

years of drought in 2019, the basin experienced above-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 drought. When surface supplies in the basin become scarce, farms and towns 

will have to use groundwater to satisfy their water needs, especially during times of drought. 

Water demands in the Colorado River basin may result in increasingly 

expensive, questionable, and difficult  choices to be made by politicians, water managers, and their 

constituents. The pressures of meeting the needs of the expanding population in the face of future 

severe droughts and uncertain impacts of global climate change are significant. 

 

2.5.2.1 Policy, institutional context, and water management practices 

Geographic differences have led to a divergence in water rights systems between the Western 

USA and the rest of the country. Water allocation, use, and regulation in the Colorado River Basin 

are governed by a compilation of decrees, rights, court decisions, and more than 100 laws known 

as the “Law of the River (Prior Appropriation)” (MacDonnell et al., 1995).  These laws apply to 

seven Western U.S. states: Arizona, California, Colorado, Nevada, New Mexico, Utah, and 

Wyoming, as well as Mexico that utilize water from the river.  

One of the earliest laws governing this water supply was the Colorado River Compact of 

1922, which divided the basin into two sub-basins in which each part was allocated the right to use 

7.5 million acre-feet annually. An additional 1.5 million acre-feet in annual flows were made 

available to Mexico under a 1944 treaty. The Boulder Canyon Project Act (BCPA) of 1928 further 

apportioned the Lower Basin allocating 4.4 MAF to California, 2.8 MAF to Arizona, and 0.3 MAF 

to Nevada. The Upper Colorado River Basin Compact of 1948 further apportioned the Upper Basin 

allocating 51.75% to Colorado, 23% to Utah, 11.25% to New Mexico, and 14% to Wyoming 

(BCPA, 1928). Today California is the largest user of Colorado River water Figure 2.14). 

In the early twentieth century, the prior appropriation doctrine was created to establish a 

system of prioritized water rights and meet the needs of miners, irrigators, and people congregating 

within cities in the developing American West (Johnson & DuMars, 1989). The Prior 

Appropriation System dictates that “first in time, first in the right,” meaning the earliest user of 

water source has the right to apply it to beneficial use and to exclude others. 
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Figure 2.14 Colorado River apportionment (USBR, 2012) 

 

Beneficial use does not generally involve instream flows (leaving some water in the river 

and its tributaries for environmental purposes) and has primarily meant use for industrial, 

municipal and agricultural purposes, and recreation (Boepple, 2012). However, the meaning of 

beneficial use has been changing legally in many states (such as Colorado), which also considers 

environmental needs and new legislation designed to accommodate hydrologic and climate 

variations. Prior appropriation system has evolved from a highly decentralized system of 

individual claims to administrative permits regulated by each state and granted in perpetuity. 

State governments hold primary authority for water planning and allocation in the USA 

(Hobbs, 1997). The federal government’s role in water allocation stems from its historical position 

financing and operating water infrastructure (e.g., Lakes Powell and Mead). It also has enacted 

and continues to consider Indian water rights settlements involving Colorado River waters.  Under 

the Secretary of the Interior, the Bureau of Reclamation (USBR) is the primary authority 

responsible for the management of water deliveries and the operation of 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 encouraged by the federal government 

through incentive programs (Turral, 1998).  

In 1968, the Colorado River Basin Project Act directed the Secretary of the Interior to study 

long-term supply and demand availability and promote a plan to meet the future water needs of 
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the American West. In 1975 a subsequent study 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 government passed the Clean Water Act, which mandated efforts to 

develop and preserve water quality standards in the United States.  Meanwhile, Mexico and the 

United States engaged in discussions to address the issue of the increasing salinity of the water 

reaching Mexico’s border. In 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 legislation, signed 

into law in 1970 that governs all significant government actions that may alter the environment. 

NEPA mandates that any federal agency prepare a science-based Environmental Impact Statement 

(EIS) before performing any work that may significantly affect the quality of the environment 

(Lindstrom & Smith, 2001). In 2000, the USBR prepared an environmental impact statement (EIS) 

to provide interim surplus guidelines for the usage of water among the lower basin states and to 

identify the potential environmental effects of implementing such guidelines (US 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 objective information for the 

operations of Lake Powell and Lake Mead, thereby letting water users in the Lower Basin know 

when, and by how much, water supplies will be decreased in drought and other low reservoir 

conditions (US Department of the Interior, 2002).  

With eight years of unprecedented drought between 1999 and 2007, storage in Colorado 

River reservoirs decreased from almost full to less than 55 percent of capacity, which increased 

tensions between river basin states (USBR, 2007). In 2007, the Secretary of the Interior adopted 

interim guidelines to provide temporary guidance on shortage management in the Colorado River 

Basin.  Under the Interim Guidelines, Powell’s and Mead’s operations are coordinated, and WRM 

in the basin has become more integrated (USBR, 2007). 

In 2012 the Bureau of Reclamation's Upper Colorado and Lower Colorado regions 

completed the "Colorado River Basin Water Supply and Demand Study.” This study was a 

significant step in developing a comprehensive plan to address the risks posed by imbalances 

between the 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 of the Colorado 

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

happening at the state/local level throughout these decades, can be seen in Table 2.3. 

 

Table 2.3 Colorado River management timeline 

Year Colorado River Management Timeline 
1922 Colorado River Compact was signed  
1928 The Boulder Canyon Project Act- All states, except Arizona, ratify the Colorado 

River Compact 
1944 Mexican Treaty signed whereby the U.S. commits to deliver 1.5 million acre-feet 

of Colorado River water annually to Mexico 

1945 The Colorado River Water Users Association formed  
1948 Upper Colorado River Basin Compact signed by Arizona, Colorado, New Mexico, 

Utah, and Wyoming 
1956 Colorado River Storage Project Act authorizes construction of Glen Canyon, 

Flaming Gorge, Navajo and Curecanti Storage Units 
1965 Western governors establish the Western States Water Council to avoid interstate 

conflict by developing regional solutions to water problems 
1968 Colorado River Basin Project Act authorizes construction of the Central Arizona 

Project and six Upper Basin projects 
1969 National Environmental Policy Act was signed to give full consideration to 

environmental impacts of all projects 
1972 Clean Water Act was passed. 
1992 Ten Tribes Colorado River Basin Partnership formed and formally joined 

CRWUA. The ten tribes are: the Colorado River Indian Tribes;  the Jicarilla 
Apache Tribe;  the Chemehuevi Indian Tribe; the Cocopah Indian Community; the 
Navajo Nation; the Northern Ute Tribe; the Fort Mojave Indian Tribe; the Quechan 
Indian Tribe of the Fort Yuma Reservation; the Southern Ute Indian Tribe; and the 
Ute Mountain Ute Indian Tribe. 

1993 Central Arizona Project construction completed 
2000 Environmental Impact Statement(EIS) was completed 
2001 Arizona and Nevada Water Banking Agreement signed 
2007 The Colorado Basin States Record of Decision was signed. Secretary of the Interior 

adopts Colorado River Interim Guidelines for Lower Basin Shortages and 
Coordinated Operations for Lake Powell and Lake Mead 

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

2012 Colorado River Basin Water Supply & Demand Study was released. 
2014 Environmental pulse flow and baseflow, allowed by Minute 319 to the 1944 

Treaty, are released through the Colorado River channel in Mexico to start new 
vegetation for wildlife habitat 

2019  Reclamation and the basin states announced finalized drought contingency plans 
(DCPs) for the Upper and Lower Basins 
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After 20 years of drought and demand for water outpacing supply 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 curtailments outside of the 

framework of those plans (USBR, 2019).  These plans require states in the upper and lower basins 

of the Colorado River to map out ways to ensure enough water remains in Lakes Powell and Mead.  

These plans represent excellent collaboration, coordination, and compromise from the basin states, 

American Indian tribes, and Mexico.  DCP represents a historic achievement for the water 

management of the Colorado River Basin, allowing states to manage the river so that it can 

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

 

2.5.3 Water Management in Saudi Arabia  

Saudi Arabia, with a land area of 2.15 million square kilometers, is the largest country in the 

Gulf region and covers 80% of the Arabian Peninsula (World Bank, 2015). According to the 2014 

census, there were 30.77 million people in the country (Ministry of Economy and Planning, 2014), 

and the population is expected to reach 37.6 million by 2025 (GAS, 2010). The population growth 

rate is calculated at 3.7% for the period 1980-2017, with 23 years doubling time (World Bank, 

2017).  

 

 

 

 

 

 

 

 

 

 

Figure 2.15 Geographical map of Saudi Arabia 
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Saudi Arabia is located in an arid region with limited arable lands and limited water 

resources (Chowdhury & Zahrani, 2012a ).  Over 40% of total landmass is covered by desert, with 

a range of mountains that run parallel to the Red Sea (Figure 2.15). Despite being one of the 

wealthiest nations globally due to swift economic growth and prosperity from oil (Ng SW et al., 

2011), Saudi Arabia is one of the poorest countries in terms of natural renewable water resources 

(FAO). Saudi Arabia has no reliable and adequate surface-water sources. It has no perennial rivers, 

and precipitation is deficient. The average long-term rainfall is about 144 mm per year. This 

average, however, hides wide regional fluctuations. The rainfall varies from 20 mm per year in the 

north to 500 mm in the south (Chowdhury & Al- Zahrani, 2012). Many experts reported that low 

rainfalls and less precipitation were unable to recharge deep surface wells and aquifers, causing 

substantial variability (Darfaoui & Al -Assiri 2010). The sources are also associated with 

uncertainty due to the effect of climate change (Chowdhury & Al -Zahrani, 2013). 

The country has witnessed comprehensive developments accompanied by rapid population 

growth due to the high crude oil revenue since the early 1970s (Ouda et al., 2014a). This situation 

has resulted in a substantial increase in domestic, industrial, and agricultural demands. The country 

also has an outstanding status as a center for pilgrimage, which every year sees more than three 

million people from all parts of the world gather in Mecca, and at least another ten million visitors 

perform the Umrah (minor pilgrimage) at other times of the year. Religious tourism leads to 

multiple peaks and valleys in terms of water demand. Saudi Arabia’s water withdrawals exceeded 

20 billion m3 in 2010, and domestic water consumption has been rising at the rate of 6% per annum 

since the 1980th (Ouda, 2013), making Saudi Arabia the third-largest per capita water user 

worldwide (Ouda, 2013).  Mismanagement of water use in the agricultural sector between 1980 

and 2008 (Chowdhury & Al -Zahrani, 2015) and the rapid growth of water demand due to 

population growth, religious tourism, westernized consumerism-based shift in lifestyle and 

changes brought about by climate change have created a significant imbalance between water 

needs and the availability of renewable water supplies (Table 2.4).  

Saudi Arabia, the world's biggest country without lakes or rivers (Llamas & Custudio, 2002; 

Darfaoui & Assiri 2010), draws more than 80% of its water supply from non-renewable 

groundwater (fossil) aquifers (Figure 2.16) (Mahmoud & Alazba, 2014). 
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Table 2.4 Saudi Arabia water demand & supply in 2010 (Adapted after Ouda, 2014a: Ouda, 2014b) 

 

   *Variable depending on precipitation pattern 

 

Renewable and non-renewable groundwater withdrawals primarily serve the agricultural 

sector, with the domestic and industrial sectors increasingly dependent on capital and energy-

intensive desalination and treated wastewater (TWW) (MOEP, 2010). These resources are rapidly 

depleting due to excessive use and limited replenishment. Experts estimate that four-fifths of the 

Saudis' "fossil" water is now gone. Moreover, contamination and the encroachment of seawater 

create potential severe threats to the quality of this dwindling resource. 

 

 

Figure 2.16  Historically sectoral water demand and future projection (MOWE, 2012) 
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Past administrations dedicated their best efforts to build the Kingdom’s major water 

infrastructure, paying little attention to base resource management (resource assessment, 

monitoring, planning, allocation, protection, and enforcing). Thus, neglecting efficiency and 

management of water use created many of the problems that the water sector faces today, even 

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 monarchy with The King of Saudi Arabia as 

the source of political power in the country, plays executive, legislative, and judicial roles and has 

the final say in matters. The Saudi model of law is derived from the larger umbrella of Islamic law 

(Shari’a) (Al -Suwaidi, 1993). Decision-making has traditionally been consultative, bringing 

together royal family members to confer among themselves and with technocratic advisers. 

Informal advisory institutions also play an essential role. Open, regular diwaniya or majlis 

gatherings, informal discussion sessions hosted by influential citizens, are obligatory among senior 

royal family members (Royal Embassy of Saudi Arabia in Washington, D.C., n.d.; Anderson 

1991).  

Saudi Arabia has no specific water law; in fact, laws, regulations, and fatwa were developed, 

under Islamic law, to resolve water management issues, including measures to reduce national 

water demand and enhance available water supplies (MOWE, 2012). Sharia recognizes water as 

the main component of the sustainability of a nation's life and security (Abderrahman, 2001).  

Islamic Law state that “God owns land and water, and his servants (mankind) are to share its 

utilization based on their capabilities and needs.” (MOWE, 2012).   

Water-supply services in Saudi Arabia were controlled by the public sector, namely by the 

Saudi Ministry of Water and Electricity and its affiliated regional water directorates until 2005. In 

2005, the Ministry of Water and Electricity (MOWE) was established, and MOWE provided the 

Strategic Transformation Plan (STP) to introduce private-sector participation in water and 

sanitation (MOWE).  In 2016, the name of the Ministry of Agriculture had been revised to the 

Ministry of Environment, Water, and Agriculture. The Ministry of Environment Water and 

Agriculture is responsible for developing and applying policies that contribute to achieving water 

and food security.  Under this ministry, the National Water Company (NWC) is accountable for 

providing high-quality water, wastewater & environmental service at efficient costs while 
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empowering people, protecting the environment, enabling sustainable development, aiming at 

providing water and wastewater treatment services by the latest international standards (NWC, 

2019). Consequently, the NWC signed management contracts with two global water management 

companies to support their operations. 

Saudi Arabia 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 agriculture to achieved self-sufficiency in many 

agricultural commodities and became the sixth largest exporter of wheat (Amery, 2018). The 

farming systems caused a critical depletion of the country’s water resources, drawing mainly from 

non-renewable aquifers (Al-Shayaa et al., 2012; Baig & Straquadine 2014).  In 2008, to be a 

sustainable water user, Saudi Arabia made a sharp policy shift and fully implemented a phase-out 

of wheat by 2016 to conserve its drying fossil water resources. To ensure food security, the country 

entirely relies on imports 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 fortunate to be able to 

make progress in addressing the growing water demand for water due to its economic stability and 

prosperity. With the lack of freshwater resources, the desalination of seawater is one of the leading 

solutions to the water crisis of the country. The Saline Water Conversion Corporation (SWCC) is 

in charge of operating the country's publicly owned desalination plants. Saudi Arabia is now the 

world's largest producer of desalinated water, producing about 30% of the global total (over 5 

million cubic meters per day (Caldera et al., 2017). In January 2018, the Minister of Environment, 

Water, and Agriculture announced that Arabia is planning to construct nine desalination plants that 

cost more than SR2 billion ($530 million) on the Red Sea coast. The plants will have a capacity of 

240,000 cubic meters (c.m.) of water per day and are planning to finish in less than 18 months 

(Albawaba Business, 2018). Although energy-intense desalination is a global concern, Saudi water 

managers have started to consider other alternative adaptation methods that are not only 

sustainable but also affordable (Kajenthira et al., 2012; Carrington, 2015; Clark P 2015), because 

petrochemical and desalination plants use 25 percent oil and almost the entire gas production of 

country (Amery, 2018; UNDP, 2014). Projects are underway to replace municipal water supply 
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systems and improve drainage and wastewater networks in major cities. The government is also 

encouraging the adoption of new technologies for operating energy intensive-desalination plants 

such as solar and nuclear power (Kajenthira et al., 2012; UNFCCC, 2016).  

Furthermore, the Saudi government has encouraged the reuse of treated wastewater (TWW) 

for irrigation purposes (Chowdhury & Al -Zahrani, 2015). TWW reuse is more costly than the 

groundwater, but it costs much less than desalination. The Saudi National Water Company (NWC) 

is planning to invest $23 billion in Saudi Arabia’s sewage collection and treatment infrastructure 

over the two coming decades and aims to achieve 100 percent use of treated wastewater by 2025 

(Saeed 2010; UNDP 2014; Quda, 2016).  

In order to reduce the domestic water demand in Saudi Arabia, water control and 

conservation measures have been introduced since the 1990s (MOWE, 2012). Water tariffs were 

introduced to enhance people's awareness of the value of water production (MOWE, 2012).  Since 

Islamic laws have a strong influence over society, Saudi Arabian government encourages imams 

to spread messages of environmental protection and water conservation to raise awareness in 

Friday sermons by connecting these practices to Islamic history and theology (Amery 2001;  

Amery 2009). As a recent reform in March 2019, MEWA launched the Qatrah(Arabic for 

‘droplet’) program to promote the importance of water conservation. The program request that 

citizens reduce their water usage, which is now 263 liters per capita per day (double the world 

average), to 200 liters per person per day by 2020 and to150 liters by 2030. Qatrah program aims 

to change the behavior of individuals, raise water awareness, sustain water resources, and optimize 

water resources through rationalization (WaterWorld, 2019). 

 

2.5.4 Water Management in Iran  

Iran, with a total area of roughly 1.65 million square kilometers, is the second-largest country 

in the Middle East and borders the Caspian Sea, the Persian Gulf, and the Gulf of Oman (Figure 

2.17). With an approximate population 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 after Egypt (World 

Bank, 2017). Population growth is anticipated to slow over the coming decades, although the 

population is predicted to hit 100 million in three decades (Worldbank, 2017; Worldometers, 

2019).  
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Figure 2.17 Geographical map of Iran 

 

Agriculture plays an essential role in the socio-economic development of Iran, which uses 

more than 92 percent of available freshwater (Saatsaz, 2019). It accounts for 10 percent of the 

Gross Domestic Product (GDP), 17 percent of employment, more than 80 percent of food 

requirements, more than 30 percent of non-oil exports, and 90 percent of raw materials for 

industries (World Bank, 2018a; FAO, 2018). Currently, about 45% of the total water demand is 

satisfied through surface sources, and the other 55% is from groundwater (Madani et al., 2016).  

Since the 1960s, there has been a steady increase in the number of irrigation wells and the amount 

of water pumped, which has led to a decreasing level of groundwater in many aquifers and affected 

the health of surface bodies across the country (Nabavi, 2018). Over the last 20 years, Iran has 

become the world's second-largest groundwater miner after India, constituting 15.4% of global 

groundwater depletion for irrigation (Dalin et al., 2017). 

Furthermore, owing to the traditional method of irrigation and water transfer systems, the 

efficiency of irrigation water use varies between 15% and 36% (Madani, 2014), which is far lower 

than 70–90% irrigation system efficiency of the most developed countries (FAO, 2016). Therefore, 

a significant fraction of diverted water is lost to evaporation and percolation (Abbaspour et al., 
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2009). Also, the number of middle and small size dams have been increased exponentially and 

reached approximately 450 and 340 still on a plan since 1979 (Madani, 2014). The environmental 

conditions and effects are not considered for the most dams have been constructed in Iran. Dams 

and water transfer plans have profoundly changed the country’s landscape and led to ecosystem 

loses. Because of Iran's dam policy, lakes and rivers have dried up, several wetlands across the 

nation have become wastelands (Figure 2.18). 

 

 

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

 

In the northwest of the country, Lake Urmia—the largest lake in the Middle East and the 

second-largest hypersaline lake— has significantly shrunk as a result of frequent droughts, 

aggressive upstream water use, diversion, and overpumping of groundwater around the lake and 

storage (Figure 2.19) (Fathian et al. 2014; Khatami& Berndtsson, 2013; Sima &Tajrishy 2013). 

The fate of Lake Urmia is being shared by much of Iran. Urmia is not the only drying water body, 

and there are other lakes and wetlands which have lost their health due to both climatic conditions 

and mismanagement although Iran has been committed to preserving these water bodies under the 

well-known Ramsar Convention of 1971 that recognizes the wetlands’ fundamental ecological 

purpose as well as their economic, cultural, recreational, and scientific values (Davtalab et al., 

2014; Kaffashi et al., 2011). 
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Figure 2.19 Satellite map of Lake Urmia 

 

Moreover, the over-extraction of water from Iran’s aquifers has resulted in extensive soil 

erosion ( 4 billion tons ), which costs more than Iran makes in oil and gas sales combined (Mousavi, 

2005, Sadeghi et al., 2015 ). Recently, declining access to clean water and electricity has 

contributed to a rise in protests in a different part of the country (Badawi, 2019). These challenges 

led people to immigrate big cities, which puts additional pressure on water infrastructure in sizable 

cities, especially the city of Tehran, which already consumes 20 % of Iran’s drinkable water 

(Badawi, 2019). 

The water problems in Iran are numerous and crucial to leave any doubt about Iran is 

experiencing a looming water crisis (Madani, 2014). Iran is the 4th most water-stressed nation 

(World Resources Institute, 2019).  

 

2.5.4.1 Policy, institutional context, and water management practices 

Iran has a broad legal framework guiding water resource management and environmental 

management and protection.  Iran’s constitution (art.44. 1980) states that “the preservation of the 

environment, in which the present, as well as the future generations, have a right to flourishing 

social existence, is regarded as a public duty in the Islamic Republic.  Economic and other activities 
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that inevitably involve pollution of the environment or cause irreparable damage to it are therefore 

forbidden.” Based on this constitution, the protection of the environment is a public obligation.  

According to Iranian law, water is public property and falls under the responsibility of the 

government.  The first water law in the Islamic Republic of Iran was passed in 1982. Based on this 

law, allocating and publishing permits to water usage for agricultural, domestic, and industrial 

reasons is the responsibility of the Ministry of Energy. Furthermore, the use of water resources 

requires obtaining a water use license (Alasti, 2013).  1982 water law also states that water mined 

from groundwater resources must be following the crop water need and proposed cropping pattern 

in each region. 

 

Table 2.5 Important 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 Utilization of 

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 Areas 
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 unlicensed wells] 

 

Iran has also taken several measures to enhance international cooperation with relation to 

environmental affairs and has accepted international legal responsibilities by adhering to a 

substantial number of international conventions. 

The Iran Ministry of Energy (MoE) and affiliated authorities play the central role in water 

management. Within the MoE, the Deputyship for Water Affairs is responsible for coordinating 

the planning, development, management, and conservation of water resources. This ministry 

consists of the following sections: Water Resources Management Corporation (WRMC), Irrigation 

and Drainage Operation, and Maintenance Companies (O&M), Provincial Water Authorities 

(PWA).WRMC is the principal institution that manages all water resources within the MoE, except 
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drinking water delivery for rural and urban areas. Irrigation, drainage development, and operation 

in each province are under the responsibilities of PWAs. Drinking water distribution is under the 

obligation of provincial water and wastewater companies (MoE, 2019). 

Other ministries that have responsibilities regarding water management are Ministries of 

Agriculture, Roads, and Transportation, Housing and Urban Development, Industries and Mines, 

Interior, Health, and Department of the Environment. The Water Resources Supreme Council was 

established to collaborate and coordinate between the associated ministries and organizations.  All 

associated ministries and organizations, as well as parliamentary representatives, are part of this 

Council. In the parliament, different committees on water, natural resources, agriculture, 

budgeting, and development, supervise management activities all over Iran (Ardakanian R., 2005). 

Historically Persian (Iranian) Empire’s water management skills were legendary. For more 

than 3,000 years, Persians avoided over abstracting aquifers by relying on original pieces of 

infrastructure for operating snowmelt through underground channels (Figure 2.20). Qanat starts in 

the mountains and carries water downwards to the plains by gravity, to people (Foltz, 2002, Balali, 

2009). In Iran alone, there are more than 22,000 of them, spanning more than 273,500 kilometers 

of underground channels (Balali, 2009). The qanat irrigation system relies on experimental 

hydrology and indigenous knowledge. It was broadly used for various reasons. First of all, qanats 

require no power source other than gravity to keep the water flow. Second, water can be transported 

over vast distances through these hidden channels with small evaporation losses and little danger 

of contamination. Third, the water flow in a qanat is proportional to the available quantity in the 

aquifer and, if well maintained, and these irrigation canals could provide a reliable supply of water 

for a long time (Haeri, 2006). Finally, it is not only an engineering wonder but also a socio-

technical system. Qanats reflect collective and cooperative work. In other words, Qanat systems 

are closely tied to the local people and their ability to plan and manage their water resources, 

particularly for agriculture (Balali, 2009). The traditional sustainable groundwater withdrawal 

through qanats is no longer feasible. Similarly, many springs most qanats have dried up, losing the 

hydraulic head battle to deep wells (Madani, 2014). 
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Figure 2.20 Structure of a Qanat system. 

 

The Land Reform Act of 1962 shifted the whole organization of the water production system. 

Subsequently, the [land] and water resources management system has become primarily 

technology-oriented (construction-oriented) since the 1960s (Ardekanian, 2005). The Islamic 

Republic started to build new networks of water transfer pipelines and channels and hundreds of 

dams. The Iranian government has built more than 400 dams and another 300 dams under study 

(Madani et al., 2016 ). Iran has damaged a large number of aquifers and alluvial plains and has 

blocked the rivers that fed these aquifers through its compulsive dam-building. Therefore, farmers 

started to drill deeper wells to reach the natural water tables that were steadily sinking. Since 1979, 

the number of wells in Iran has climbed from 60,000 to almost 800,000. Roughly 430,000 of these 

wells were illegal, and the water tables are now on a critical level (MoA, 2019).  

Moreover, the government neglected the participation of farmers, scientists, and non-

governmental organizations; their perception to carry out and control irrigation and drainage 

projects have been oriented to the physical aspects (Balali, 2009). The situation has been 

exacerbated by the structural reforms of President Ahmadinejad that changed the water 

management boundaries from watershed to political (provincial), creating competition among the 

provinces to maximize their immediate gains from the shared water systems (Zarezadeh et al., 

2013). 

In order to support food security, improving the productivity of irrigated agriculture has been 

a priority for the government of Iran since 1960 (Forouzani & Karami, 2011).  Despite increased 

institutional investments in dam building, low-interest loans, and various policy initiatives such as 
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subsidized agricultural water and energy use (Danilenko et al., 2014), most water management 

strategies are not satisfactory (Keshavarz et al., 2013; Madani, 2014; Moazedi et al., 2011).   

Recently, the new government of Iran admits water security as a national concern at the 

moment and is trying to address some of the more evident water problems immediately. In 

response to the problem of water consumption, the government is increasing the number and 

capacity of desalinization plants along the Persian Gulf. While this currently goes mostly 

toward industrial use, it can be expanded to sustain agricultural self-sufficiency. However, 

transporting desalinated water inland, which requires pumping it to high altitudes, is energy-

intensive and, therefore, expensive (Badawi, 2019). 

 

2.5.5 Lessons learned from the international management approaches  

2.5.5.1 Analysis of the Murray Darling River Basin Water Management  

The Murray-Darling Basin (MDB) in Australia is an excellent model for other countries to 

learn from their successes and failures and offer many lessons for developing countries to create 

more adaptive, integrated water management systems.  The MDB institutions and local people 

have dealt with challenges such as floods, salinity, climatic variability, millennium drought, 

nutrient pollution, and over-allocation between competing uses. These challenges provide policy 

windows for creative solutions, but also opportunities to be resilient and adapt to difficult 

conditions. Therefore, by learning from the past and navigating trade-offs, water policy in the 

MDB has been integrated and framed with the basin-scale approach.  

The Water Act (2007) and the Murray-Darling Basin Plan (2012), represent a great 

achievement in the international history of water management. The Basin Plan is a comprehensive 

framework and an essential early milestone in what will be a long journey. Intergovernmental 

agreements have established an institutional structure at the river basin level (MDBA, MDBC) and 

provided basin-wide coordination.  The roles and responsibilities of these institutional structures 

can be identified with legislative tools. The MDB’s continuous reforms have succeeded in 

establishing collective management and participation by working with states, water managers, 

industry, and community groups. Natural resource management awareness, skills, knowledge, and 

engagement across the basin has increased through the provision of workshops, funding, support, 

and collaboration. Thus, the number of volunteers and citizen scientists has increased to assist with 

on-ground works and community monitoring (MDBA, 2019). These characteristics of the planning 
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processes make them holistic, participatory, and strategic; therefore, they can satisfy the important 

principles of IRBM and can be adapted by Turkey. 

 The water management of the MDB has been a success story in many respects, but new 

challenges have emerged. Although billions of dollars have been spent on water reform in the 

Murray–Darling Basin more than a decade from adaptation of the Water Act (2007) , and more 

than five years 2012 Basin Plan, the environmental targets (seeking to increase stream flows for 

environmental purposes), little has been delivered to date regarding �E�D�V�L�Q�(�V�F�D�O�H�� �H�Q�Y�L�U�R�Q�P�H�Qtal 

improvements (Grafton, 2019; Wentworth Group 2018). Insufficient environmental improvements 

at the basin-scale are largely attributable to the lack of coherent and consistent reporting 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 various outcomes. �$�V�� �E�U�R�D�G�(�V�F�D�O�H�� �Z�D�W�H�U�� �U�H�I�R�U�P�V�� �J�D�L�Q�� �S�D�F�H��

universally, the MDB serves as a window 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 shared by a federal political structure” (Garrick & Stefano 

2016) such as the Colorado River Basin provide an opportunity to understand multi-level 

governance challenges to sustainability as well as opportunities to enhance decision-making 

mechanisms. Water management in the U.S. is highly decentralized. Although the Secretary of the 

U.S. Department of the Interior is the official in charge of U.S. water matters (settings minimum 

drinking water standards and establishing water quality regulations), the seven U.S. states are 

involved consulted regularly and have substantial input into decisions made about water resource 

management. These consultations extend across the border to Mexico on international matters. 

The management of the Colorado River Management system is truly seen as a shared 

responsibility. 

The main factors that influence water management processes in the Colorado River Basin 

are water resources, their availability, and the Prior Appropriation System (Law of the River) of 

water allocation. This system works fine when there’s enough water to go around; however, the 

critical policy problem facing Colorado authorities is how to make beneficial use of both the 

ecosystem and human consumption while upholding the legal rights of senior water users.  Historic 
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agreements (the 1922 Law of the River, Prior Appropriation, among others) have 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 basin’s water resources yielding 

possibilities of prolonged water shortages in the future.   

With the Colorado River Interim Guidelines (2007) for coping with water shortages and later 

the Colorado River Basin Water Supply and Demand Study (2012), Bureau of Reclamation 

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 and mitigation 

strategies to resolve those imbalances (USBR, 2012). Key players (stakeholders in the basin states, 

the U.S. Fish and Wildlife Service (USFWS), National Park Service, Western Area Power 

Administration, federally recognized tribes, conservation and recreation organizations, water 

delivery contractors, among others) in the basin understand that climatic changes, ongoing 

drought, and increasing demand on water resources will create more long-term crises, necessitating 

their cooperation in order to find solutions to difficult  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 cooperation, communication, and 

collaboration between the scientific and water management communities. 

In May 2019, a new drought-contingency plan was signed by seven U.S. states, as well as 

Mexico and Native American Tribes, requiring all signatories to stand by conservation rules when 

flows subside, instead of fight for the last drops. Although DCP is an excellent plan for 

conservation and cooperation, there’s still a lot more to be done, such as rainwater harvesting, 

energy conservation, reuse, inland desalination, increasing agricultural efficiencies, increasing 

awareness of water for ecosystem need, and 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 management is 

a good example of adaptive and cooperative management. 

 

2.5.5.3 Analysis of Saudi Water Management  

Saudi Arabia provides an illustrative example of how poor water management and 

unsustainable human activity can have severe consequences for the water sector, especially as 

climate change puts a strain on the availability of water resources.  
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While oil revenue rises and falls, the decades-old policy requiring food self-sufficiency has 

come at a tremendous price due to the depletion of non-renewable groundwater at an alarming rate 

(Brown, 2012; Amery, 2015). As both a water-scarce and oil-rich 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 ever-increasing water demand, the kingdom has 

invested $25 billion in the construction and operation of desalination plants over the last 80 years 

(CSIS, 2011). It currently produces around 1 billion cubic meters of desalinated seawater a year, 

with an average cost of 0.80 US $/ m3 (Ouda, 2013). Because the desalination process is energy-

intensive, Saudi Arabia has started to consider switching from using conventional energy sources 

to more sustainable renewable ones such as solar and nuclear (Kajenthire et al., 2012; Carrington, 

2015; Clark P 2015). Furthermore, the country 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 developing desalination plants, expanding 

water recycling processes and infrastructure, outsourcing wheat and fodder production, and now 

investing in the development of solar-powered desalination plants, Saudi Arabia is working hard 

make sure domestic water resources will be available and accessible in the foreseeable future. 

Furthermore, the private sector in Saudi Arabia has recently been given more opportunities to 

engage as partners in the implementation of desalination plants and to contribute financial support 

to water management.  

Achieving sustainable water management is especially challenging because of the severe 

scarcity of fresh-water supplies, harsh climatic conditions, and the absence of public participation 

in water-related decisions. To achieve a sustainable level of water consumption, technical 

measures should be coupled with non-technical initiatives, including public awareness campaigns 

and objective analysis for water pricing. However, due to westernized and consumerism-based 

shifts in lifestyle, wasteful water consumption is common in the Kingdom, and widespread public 

awareness regarding water scarcity has not increased among the public yet (Ouda, 2013). Saudi 

Arabia is still the world’s third-largest consumer of water after the U.S. and Canada. 

Al though the kingdom has put too much emphasis on water-supply management in the past, 

it has started restructuring its energy and water sectors and is moving towards sustainable and 

integrated water management and water-development program that emphasizes conservation and 



 

42 
 

efficient use of existing water resources. All these are positive steps that, if maintained, will help 

put the country on a more sustainable path. 

 

2.5.5.4 Analysis of Iranian Water Management  

For thousands of years, Iranian Civilization thrived despite the limited water supplies in their 

region. This was achieved through innovative water harvesting techniques that made farming and 

food production feasible in a water-scarce region of the world in ancient times. However, 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 supply-management 

(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 considerable part of this 

development before also considering the dynamic relationships between the water, environment, 

and ecosystem components (Mirchi et al., 2010; Madani, 2014). The desire for food self-

sufficiency has encouraged an expansion of cultivated areas and infrastructure across the country. 

While the Iranian agricultural sector consumes up to 92% of freshwater resources, the efficiency 

has remained very low due to outdated farming technologies and practices. The agricultural sector 

generates only 10 percent of the country's gross domestic product (Masoudi et al., 2018, Nazari et 

al., 2018). Water pricing also supports the wasteful consumption of limited water resources, which 

is nearly free in rural areas and the agricultural sector. 

Iran’s top-down approach to water policy is reflected by poor public participation and 

distrust of scientists and water managers. This approach has also led to low levels of institutional 

and organizational adaptation to environmental change. Contemporary water technologies have 

profoundly influenced the way people perceive, value, and use water. A large number of dams and 

the massive amount of water that is moved through pipelines have caused people to think that 

water supplies are endless and not scarce. Iran’s hydraulic mission and desire for food self-

sufficiency are still ongoing. Despite the environmental and economic consequences, the goal of 

rapid technical and technological development (as opposed to sustainable development) remains 

the main driver of the development decisions of Iran. While Iran’s hydraulic mission continues, 

alternative technological solutions such as interbasin water transfer and desalination are getting 

attention in the country (Madani et al., 2016).  
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Iran’s existing water-related challenges are rooted in decades of disintegrated planning and 

mismanagement, and it cannot be solved instantaneously. The government of Iran appears to be in 

denial about the reality of unsustainable water management practices, and it continues to focus on 

“crisis management,” healing the 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 unprecedented water 

problems that the country is facing. Significant efforts are needed to ensure adopting a strategy to 

identify sustainable water management practices, documenting the experiences in water 

conservation and public awareness. Iran 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 Development in Turkey  

Anatolian settlements have always been founded on the banks of rivers and close to water 

sources since ancient times. The development of dams and water conveyance systems in Anatolia 

dates back hundreds of years. The antic city of Bergama in Western Anatolia was provided water 

by eight water conveying systems belonging to the Hellenistic era (SHW, 2018). During the 

Ottoman period, the construction of water structures was carried out generally by the foundations, 

waterways(�.�Õ�U�N�o�H�ú�P�H���� and small irrigation and drainage projects (the Cumra Project). Organized 

and continuous studies of waterworks were initiated with the establishment of the General 

Directorate of Public Works (Umur-u Nafia Muduriyet-i Umumiyesi) in 1914. Irrigation, 

reclamation, flood control, navigation, water storage, and distribution were among the duties of 

this General Directorate (Demir, 2001).  

Following the collapse of the Ottoman Empire and the subsequent War of Liberation (1919-

1922), the Republic of  Turkey was founded in 1923. The Republic tried to make a fresh start and 

adopted western style laws and by-laws in order to develop the war-torn country (Sumer, 2011). 

In time, many pieces of legislation were adopted, various official organizations were established 

and/or abolished, and water management and policy in Turkey experienced many significant 

changes.  
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Since the 1990s, Turkey’s negotiation to accession to the European Union (EU) has created 

a new era regarding water management of the country. The EU has a history of supporting Turkey 

to align with the EU environmental, climate change the energy, and transport acquis. Therefore, 

Turkey’s protracted European Union (EU) accession process has resulted in the transfer of 

environmental policy, primarily the water acquis. Despite a recent reversal in accession 

negotiations, this process is continuing and has thereby resulted in the active Europeanisation of 

Turkish water policy (Kibaroglu, 2020). 

 

 
 

Figure 2.21 Geographical map of Turkey  
 

 
2.6.2 Overview of water availability and uses 

Turkey covers a total area of 785,347 km2, of which 14,300 km2 is water surface. Most of 

the country is situated in a semi-arid region, with 25 hydrological basins (Table 2.6).  While the 

average mean temperature is 13.5 0C, the average annual precipitation is 574 mm, and evaporation 

is 1173 mm with significant spatial and temporal fluctuations. The gross water potential is about 

189 billion m3, with the surface runoff of 6 billion m3/year coming from neighboring countries, 

amounting to a total surface run-off within the country of 139 billion m3/year. The average amount 

of surface water leakage to aquifers is 63 billion m3/year. However, not all renewable water 

resources can be utilized because of economic and technical reasons. Thus, the total exploitable 
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annual surface and groundwater potential of Turkey come to 100 billion m3/year (SHW, 2018) 

(Figure 2.22). 

 
 

 

 

 

 

 

      

 

 

  

 

 

 

 

 

 

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

Annual freshwater consumption is approximately 59 billion m3, of which 72% is used for 

agriculture, 14 % (8 billion m3) for domestic uses, and 14 % (8 billion m3) for industrial uses 

(SHW, 2018).In total, the cultivable land area is about 28 million hectares, 25.85 million of which 

is suitable for irrigation. Considering the water resource potential given by SHW, 12.5 million 

hectares can be irrigated, but, for technical and economic reasons, only 8.5 million hectares (7.9 

and 0.6 million hectares from surface and groundwater resources, respectively) are planned 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 1990 and 2018. However, 21 percent 

of the population works in the agricultural sector, and agriculture makes up 60 percent of the rural 

workforce (World Bank, 2018b). 
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Table 2.6 Characteristics of river basins of Turkey (SHW, 2018) 

No Name of The 
Basin 

2018 

Precipitation 
Area (km2) 

Mean 
Annual 
Runoff 
(km3) 

Contribution 
to Total 
Potential 
(%)  

Mean 
Annual 
Yield 
(l/s/km2) 

01 Meriç Ergene 14,560 1.84 1.0 4.0 
02 Marmara  24,100 7.54 4.4 10.3 
03 Susurluk  22,339 4.23 2.5 5.5 
04 North Aegean  10,003 1.50 0.9 4.8 
05 Gediz  18,000 1.54 0.9 2.9 
06 Küçük Menderes  6.907 0.53 0.3 2.4 
07 Büyük Menderes  24,976 2.97 1.7 3.6 

08 
West 
Mediterranean 20,953 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 Akarçay  7,605 0.33 0.2 1.9 
12 Sakarya  58,160 5.16 3.0 2.6 
13 West Black Sea  29,598 9.91 5.8 10.9 
14 �<�H�ú�L�O�Õ�U�P�D�N�� 36,114 6.58 3.8 5.3 
15 �.�Õ�]�Õ�O�Õ�U�P�D�N�� 78,180 6.12 3.6 2.4 
16 Konya Closed 53,850 2.65 1.5 1.7 

17 
East 
Mediterranean 22,048 8.24 4.8 12 

18 Seyhan  20,450 6.79 4.0 9.7 
19 Asi  7,796 0.89 0.5 3.6 
20 Ceyhan  21,982 7.37 4.0 10.8 
21 Euphrates-Tigris  184,918 49.91 29.2 9.0 
22 East Black Sea 24,077 14.93 8.7 20.07 
23 Çoruh  19,872 7.05 4.1 11.0 
24 Aras  27,548 4.18 2.4 4.7 

25 Van Lake 19,405 2.26 1.2 4.0 

Total 779,452 171.00 100 6.9 
 

Generally speaking, 38.5 billion m3 (71.4%) of the consumed water is provided from surface 

waters and 15.5 billion m3 (28.6%) from groundwater. During the period, 1995-2017 groundwater 

consumption has increased by more than 60 percent (Figure 2.23).  
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Figure 2.23 Total annual groundwater usage 1995-2017 (km3/year) (SHW, 2017a) 

 

2.6.3 Legal framework and institutional structure  

Turkey is a presidential republic which was a representative parliamentary democracy until 

2018. The President wields all executive power, and according to the 1982 Constitution, legislative 

power is vested in the Turkish Grand National Assembly (TGNA), which is elected by universal 

suffrage. 

 

2.6.3.1 Water-Related National Legislation 

The underlying legislation in the water sector is the Turkish Constitution of 1982 (currently 

in effect) 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 some privately-

owned small springs, the development of water resources, including groundwater, are in general 

under the responsibility of the State. Usage of groundwater resources is determined by a specific 

law, which allows access to the user upon request, within the capacity of the safe yield of the 

related aquifer.  Groundwater use rights cannot be transferred or sold. However, the state can 

assign this right to private institutions for a defined period. 

The First water law in the country “Law on Waters No.831” was enacted in 1926. The 

purpose of the law is to coordinate the provision and management of water for the benefit of the 

public. It is relatively a short legislation with only nine articles and has great importance to matters of 
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health, probably due to the poor quality of water concomitant to war-torn water infrastructure of a 

newly born Republic (Sumer, 2011). In 1934, the Ministry of Public Works was established to support 

municipal drinking water provision. 

Beginning from the mid-1950s, Turkey experienced a phase of systematic construction of 

physical waterworks aiming to benefit from its water resources (drinking water, irrigation, 

hydroelectricity) as well as to prevent dangers (such as floods) associated with water. In 1954 the 

Directorate General of State Hydraulic Works (SHW) was established (Turkish acronym, DS�ø), 

which was the big milestone for water management of Turkey. The main tasks were given to SHW, 

water resources explorations, and development of water infrastructure for hydropower, flood 

control, irrigation (SHW, 2019). 

In 1960, Underground Water Law was enacted and was given broad authority to the General 

Directorate of SHW about groundwater. According to the law, groundwater is public water, and it 

is under the State’s authority and possession. The law regulates all forms of utilization, research, 

protection, and registration. Water Products Law was enacted in 1971, to establish regulations on 

protection, manufacture, and controlling of water products in seas and inland. 

Establishments of General Directorate for Soil and Water and General Directorate for 

Agricultural Reform in the 1960s contributed to systematic water resources development activities. 

While General Directorate for Soil and Water was responsible from small scale water resources 

development (water resources being less than 500 liters per second) and on-farm development 

activities (such as drainage, land reclamation, grading, among the others), General Directorate for 

Agricultural Reform became responsible from providing 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 enacted to combine the conduct of water supply and sewerage 

services and to establish and operate all necessary facilities for these services. Later, the law 

allowed more cities to implement the law in their metropolitan areas. 

In 1983, Environment Law (No. 2872) was implemented due to increasing water pollution 

in many areas in parallel with rapid urbanization and industrialization. Later, Coastal Law 

(No.3621) was enacted in 1983, to decide the rules for the protection of the sea, natural and 

artificial lakes, river shores, and the shore strips with regards to the natural and cultural 

characteristics, and their utilization towards the public good.  
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There are more than 70 laws (acts), regulations, and guidelines to support the management 

and maintenance of water sources and ecosystems. Table 2.7 shows the Principal Water legislation 

timeline of the country. 

 

Table 2.7 Principal water legislation 

 

Since the 1990s, Turkey’s negotiation to accession to the European Union (EU) has created 

a new era regarding water management of the country. Turkey signed a Customs Union 

agreement with the EU in 1995 and was officially recognized as a candidate for full membership 

in 1999. Being a country that is conducting accession negotiations with the EU, Turkey is obliged 

to take on The Water Framework Directive (WFD) requirements by its time of entry into the 

Union. 

Year Principal Water Legislation Timeline 

1926 The Law on Waters No. 831  

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

1930 Public Sanitation ( Law No.159) 

1954 State Hydraulic Works Organizational (Law No.6200) 

1960 Groundwater (Law No. 167) 

1968 Domestic Water (Law No. 1053, 1968) (Law 5625, 2007) 
1971 Water Products (Law No.1380) 
1981 The Establishment and Duties of General Directorate of Istanbul Water and 

Sewerage Administration (Law No.2560 ) 
1983 Environment (Law No. 2872, 1983) 

1990 Coastal (Law No.3621) 

1993 By-Law on Environmental Impact Assessment (EIA) 

1988 By-Law on Water Pollution Control (No. 19919), revised in 2004 (No. 25687), in 
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 Environmental Impact Assessment (EIA) revised. A series of 
amendments were introduced to the 2014 By-Law in 2016, 2017, and 2018. 
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The Water Framework Directive (WFD) was prepared by the European Council (EC) to cope 

with the important water problems regarding excessive use and quality decrease. The WFD 

promotes the integrated management of water resources to support environmentally sound 

development and reduce problems associated with excessive water abstraction, pollution, floods, 

and droughts (Demirbilek & Benson, 2019). The Directive provides the framework for water 

policy decision-making within the river basin (catchment) context. It will require the integration 

of industrial, agricultural, rural development, nature conservation, and forestry programs at the 

river basin scale and, in many cases, the transboundary collaboration between European countries. 

Turkey's transition to a neoliberal economy in the 1980s and EU harmonization process since 

1999 have revealed new primary and secondary water legislations in the domestic water, irrigation, 

hydropower, and the environment sectors (Kibaroglu, 2020). The EU Water Framework Directive 

(WFD), which has provided a method to integrate water resource management with the principles 

of environmental sustainability, becomes an important guideline for the EU harmonization process 

for Turkey. With the direction of the WFD, Turkey has given a great deal of effort in adopting and 

implementing an integrated approach to its water resources management.  

Water legislation in Turkey continues to follow WFD principles to be more integrated and 

sustainable, despite a slowing European Union (EU) accession process since 2016. So far, more 

than 20 regulations and bylaws related directly or indirectly to water have been enacted and more 

than 266 projects of implementation of different aspects of the Water Framework Directive, 

including capacity building and twinning projects, have been funded. 

 

Table 2.8 Water-related 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 Agricultural 

Sources  
*Nitrate Directive (91/676/EEC)  

2005  
 

Regulation on the Pollution Control Caused by Hazardous Substances in the Aquatic 
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 Wetlands Regulation  
*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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Table 2.9 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 Used or Planned to Use for Drinking Water 
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 against Pollution 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)  

 

 Draft Water Law of 2012 

The draft bill aims at eliminating the current situation of disintegrated water resource 

management and creating an efficient governance scheme in which the MoFWA (now MoAF) 

would be the single principal responsible authority. MoFWA viewed the laws of 10 countries, and 

for feedback, the bill was presented and sent to various stakeholders such as government 

institutions, universities, NGOs, unions of chambers of engineers and municipalities. 

The bill approves the view that water resources, including treated and recycled wastewater, 

should 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, economic, and 

ecological needs, admitting the current and future condition of water resources in terms of quantity 

and quality. It also encompasses how basin management plans and flood control and flood 

management plans will be prepared either under the coordination or guidance of the MoAF. For 

the allocation of water resources, the draft brings forward the systems of ‘water allocation 

certificates’ and ‘water allocation register’ as well as ‘basin water allocation plans.’ MoAF is 

authorized to prepare basin water allocation plans at the basin or sub-basin level through joint 

evaluation of surface and groundwater resources, and by taking into consideration water use 

priorities and all other needs (Kibaroglu, 2020).  Water allocations to citizens and legal entities 

should be made by SHW, which will take the basin water allocation plans as the basis for 

allocation. Water allocation certificates should be issued for the allocated water resources and 

natural mineral waters, and this certificate must be subject to a fee. Water should be used in 

compliance with the water allocation certificate. The water allocation register, which must be 
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publicly accessible, must be kept by SHW. In this respect, it is a step forward in complying with 

some of the basic principles of the WFD and 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 monitoring of 

water resources in Turkey. Therefore, management becomes fragmented by being shared between 

more than one institution with overlapping tasks. In the country, water management is the 

responsibility of the Ministry of Agriculture and Forestry (MoAF), which was established by 

merging the Ministry of Forestry and Water Affairs (MoFWA) and the Ministry of Food, 

Agriculture, and Livestock (MoFAL) in 2018. The MoAF is a principal authority on water-related 

subjects, has a general coordination task regarding the development and implementation of policies 

on the protection of water resources and their sustainable use to coordinate national water 

management. MoAF operates in cooperation with other Ministries (all reporting to the Prime 

Ministry), public bodies, and other stakeholders related to water management issues. One of the 

responsibilities of the MoAF is to conduct the necessary coordination for the river basin 

management plans (SHW, 2018). 

Under this Ministry, three large national institutions are responsible for water management 

in the country:  

1. The General Directorate of State Hydraulic Works (SHW) 

2. The General Directorate of Water Management (GDWM) 

3. Turkish Water 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 been under the 

supervision of different ministries and in 2018, became part of the new Ministry of Agriculture 

and Forestry. It is Turkey’s primary executive state agency responsible for the planning, 

appropriation, and development of water resources, as well as the monitoring, flood protection, 

planning, design, and construction of the irrigation and hydroelectric projects. The organization 

also created the structure of the river basins, which operates through its 26 regional directorates in 

the river basins.   
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The General Directorate for Water Management (GDWM) was established in 2011 for two 

main reasons: one of the requirements of the EU Water Framework Directive is the establishment 

of a GDWM as an organization that is separate from investment organizations since SHW was 

already responsible for water-related investments. The other reason was the need for coordination 

between ministries, government agencies, and other stakeholders, dealing with various aspects of water 

resources management (SEMIDE/EMWIS, 2012). This 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 sources, water 

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

scenarios at the basin level 

�� to form a database for water resources 

�� to develop more effective policies regarding protection, improvement, and use of water 

resources 

�� to ensure coordination of water management on the national and international level 

�� to perform studies on climate change impacts into water resources 

 

Turkish Water Institute (SUEN) was established in November 2011 and reports to the 

Ministry of Forestry and Water Affairs. SUEN can be described as a think tank that aims to 

promote national policies, short- and long-term water management strategies. SUEN works in 

close cooperation with national and international institutions on sustainable water management, 

development of water policies, sustainable energy issues, and capacity building for the solution of 

local and global water problems. Apart from these three main institutions under MoAF, there are 

other ministries and institutions also have responsibility related to water.  

�x Ministry of Environment and Urbanization (MoEU) also has responsibilities regarding 

water governance, primarily related to environmental protection and rehabilitation, and is 

charged with assessing and monitoring environmental impacts of projects and activities. 

As such, it determines treatment standards for wastewater treatment plants, issues 

discharge permits and is in charge of monitoring the performance of wastewater facilities.  
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�x Ministry of Energy and Natural Resources the ministry’s main tasks, among others, include 

the evaluation of renewable energy resources and the determination of policy and strategy 

to increase energy efficiency and productivity. 

�x Ministry of Foreign Affairs (MoFA) is the leading state body to formulate and implement 

Turkey’s transboundary water policy. 

�x Ministry of Health oversees the quality of potable water, spring water, mineral, and healing 

water, and the Metropolitan Municipalities continue to monitor the water and sewage 

administrations, together with industrial wastewater discharge, and are involved in the 

creation of wastewater treatment plants in their territories, which they subsequently 

maintain and operate. 

�x A General Directorate of Water and Wastewater Administration “SKI” is established in 

every metropolitan municipality to carry out the water supply and sanitation (WSS). 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, and collecting 

tariffs. 

�x Water User Organizations (WUOs) were established in 1994 by SHW in order to decrease 

the institutional and financial burden of agriculture on the government. About 95% of the 

state-managed irrigation infrastructure transferred to water user organizations, 

management by local stakeholders, in 2005. WUAs gained public legal authority status 

following the legislation of the 2011 Water User Association Law (Özerol, 2013). Their 

primary responsibilities include the operation and maintenance of the irrigation systems, 

the distribution of irrigation water to farmers, and the collection of irrigation fees from the 

farmers. 

�x Several local, national, and international NGOs such as World Wild Fund for Nature 

(WWF-Turkey), Turkish Water Foundation (TWF), The Turkish Foundation for 

Combating Soil Erosion (TEMA), and Natural Life Protection Association (DHDK), and 

professional institutions perform water-related studies in Turkey. The functions of these 

organizations include promoting public awareness regarding the protection and 

improvement of soil and water resources and playing a functional role related to their 

knowledge between decision-makers and the public within the range of implementation 

projects. 



 

55 
 

Because many various ministries and institutions are involved in different aspects of water 

sector management, a Water Management Coordination Committee was established under the 

Ministry of Forestry and Water Affairs in 2012.  

Water Management Coordination Committee (WMCC) 

To create a platform for high-level coordination, the Water Management Coordination 

Committee (WMCC) was established by the Prime Minister’s circular letter in 2012. The primary 

responsibility of the WMCC is deciding measures to protect water resources holistically, ensuring 

the coordination and cooperation of different sectors, enlarging water-related investments, and 

implementing institutional responsibilities stated in river basin management plans. Various 

ministries, non-governmental organizations, universities, employee associations, and private 

sector representatives are represented in the WMCC. Under the Water Management Coordination 

Committee, there are Central Basin Management Committee, Basin Management Committees, and 

Provincial Water Management Coordination Committees (Figure 2.24). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.24 Institutional organization of basin management in Turkey 

 

Water Management Coordination 
Committee 

Central Level Organization. 
Determination of Water Policy 

Central Basin Management Committee 
Central Level Organization. 

Assesses the basin studies and reports the result of 
studies to Water Management Coordination 

Committee. Convenes semi-annually. 
 

Basin Management Committees 
Established in 25 Basins. (Basin Level Organization) 
Coordinates the institutions and organizations on the 

protection and use of waters.Convenes semi-annually. 

Provincial Water Management Coordination Committees 
Established in 81 provinces. (Provincial Level Organization) 

Coordinates the institutions and organizations on protection and 
use of waters in provinces. Convenes three times a year. 
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2.6.3.3 Water resource management policies 

Turkey has various national strategies, plans, and programs dealing with water resource 

management (Table 2.9). 

 

Table 2.10 National and regional water resource management policies 

National Regional/ River Basin Level 

*10th/11th 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 (2014-
2023) 
*National Flood Management 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 Response Plan 

*Regional Development Plans  
*Basin Master Plans by SHW 
*River Basin Protection Action Plans (2009-
2013) 
*River Basin Management Plans by DGWM  
*Waste Water Treatment Action Plan(2015-
2023) 
*Water Allocation/Conservation Plans  
 *Special Provisions for Drinking Water 
Catchments  
*Groundwater Management Action Plan 
(2013–2024) 

 

 (1) 10th/11th Development Plans (2014-2023):  

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

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

preservation and development of the quantity and quality of water and land resources and (ii) the 

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

sustainable use of water, especially in agriculture. The 10th Development Plan should be 

considered as a long-term 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 11th development 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 with 

its various aspects. Ministry of Forestry and Water Affairs carried a project "Climate Change 

Impacts on Water Resources Project," intending to decide the impact of climate change on surface 

and ground waters and define the adaptation activities. Changes in seasonal precipitation 

climatology, extreme weather conditions, and aridity conditions of Turkey are evaluated from 

2019 through 2100 for the reference period of 1971–2000 by using regional climate model 

simulations(RegCM4.3) (GDWM, 2016). 

Ministry of Environment and Urbanization also carried out a project named “The National 

Climate Change Strategy and Action Plan (2011-2023)”.This document defines short- and long-

term strategies to deal with water challenges in Turkey up to 2023 and contains one objective 

concerning increasing the efficiency of water management in 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 institutional and 

legislative changes in water resources management policies since 1999. The country has 

undertaken a wide-ranging program for harmonization of the environmental acquis. The most 

important of these programs and projects are:  

 

a) EU Integrated Environmental Approximation Strategy 2007-2023 was prepared by the 

former Ministry of Environment and Forestry in 2006. It contains information about the 

technical and institutional infrastructure and the environmental improvements that have 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 legislation. These were the 

two preconditions for Turkey to join the European Community. 

b) Basin Master Plans. Basin master plans prepared by the General Directorate of SHW are 

an important basis for all basin management studies. Comprising such elements as data 

collection and evaluation, investigation, and technical, economic, and environmental 

studies, these master plans, which will contribute to social and economic development in a 
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basin, are prepared by evaluating water and soil resources potential with a holistic 

approach. Basin master plans for 25 basins were completed. 

c) River Basin Protection Action Plans (RBPAPs). 25 RBPAPs were finalized between 2009-

2013, through a protocol between the General Directorate of Water Management (GDWM) 

and Marmara Research Centre of the Scientific and Technological Research Council of 

Turkey (TUBITAK- MAM). These plans include the identification of existing point and 

non-point pollution sources, condition of treatment facilities, water quality classifications 

as per the Water Pollution Control Regulations of Turkey, and proposed infrastructure 

investment program to improve water quality standards in respective basins. 

d) River Basin Management Plans. River Basin Management Plans vary from Basin 

Protection Action Plans in their more careful consideration of environmental and biological 

issues, as well as chemical and hydromorphological ones. Completed Basin Protection 

Action Plans are planned to be converted into River Basin Management Plans by the 

Ministry of Forestry and Agriculture. 

e) Studies of Special Provision Determination: The Turkish government is also increasingly 

paying attention to the water quality: Under the Twinning Project completed in 2010 and 

funded by the Turkey-EU Financial Cooperation Program, “Capacity Building Support to 

the Water Sector,” Turkey’s surface water quality status was estimated. This project was 

done by taking human pressure and hydro-morphological characteristics in five river basins 

into account (MoEU, 2013). 

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

“Strengthening the Capacity of Groundwater Management “has been prepared. The aim of this 

project, improving the technical and institutional capacity of Turkey about groundwater 

management. For the implementation of Ground Water Directive (GWD) (2006/118/EC), Akarçay 

and Sakarya River Basins were chosen as the first two pilot basins, which were monitored 12 

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 

quantity 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 

�� Inspections and sanctions 

 

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

of the Higher Planning Council, dated in 2014. For sustainable management of basins, 

requirements to be provided are as follows: 

�� Strengthening the legislative 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) Special programs on water-use efficiency in agriculture.  

The Turkish government has established two particular programs for water use efficiency in 

agriculture. The “Effective Use of Water in Agriculture” program, which is included in the 25 

primary transformation programs under the 10th Development Plan (2014-18). This program for 

the effective use of water in agriculture will be implemented through five components, with 59 

activities that address 16 different policies. It targets the improvements and modernization of the 

existing irrigation infrastructure concerning both surface water and groundwater. The program 

envisages: 

�� increasing drip and sprinkler irrigated areas from 20 to 25 percent 

�� improving the irrigation ratio from 62 to 68 percent 

�� increasing irrigation efficiency from 42 to 50 percent 

�� expanding water-efficient 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 extension, water quality, and quantity. According to the 

Intergovernmental Panel on Climate Change Fourth Assessment Report (IPCC), the 

Mediterranean Basin in which Turkey is situated in one of the region’s most vulnerable to global 

climate change. The country may face critical water, food, and energy security threats from climate 

change, which will make the country hotter, more arid, and unpredictable regarding precipitation 

patterns by 2025(Stocker, 2014).  

There is increasing evidence of climate change is already having an impact on Turkey and 

other OECD countries, especially in terms of more frequent floods and droughts (OECD, 2019). 

Climate change projections indicate that the average temperature of Turkey will increase, the 

region will be more arid, and unstable in terms of precipitation patterns in the near future (Ozturk 

et al.,2015). This will also result in a reduction of water resources in Turkey. The model projections 

which are based on pessimistic scenarios show there will be 16% and 27% reductions in the water 

potentials in Turkey by 2050 and 2075, respectively (Sen, 2013). The available water per capita 

yearly is 1400 m3 in Turkey, which is half of the world average (Altinbilek & Hatipoglu, 2020). 

Turkey is a water-stressed country according to an average annual volume of water available per 

capita, although it is endowed with relatively more freshwater than other Middle Eastern countries 

(Figure 2.25) (World Bank, 2016).  

 

 

Figure 2.25 Water availability in the Middle East, Turkey, and America (FAO Aquastat, 2014) 
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Turkey has an uneven fresh-water geographic distribution due to atmospheric conditions and 

topographic variations. Some parts of the country are very wet, and large parts are semi-arid. While 

water resources in the Euphrates and Tigris are significant, five out of the 25 river basins, including 

the Akarçay Basin, have water availability of fewer than 1000 m3 per capita (Figure 2.26)(SHW, 

2015b). Therefore, the water is not necessarily available in the places most suited to meeting 

Turkey’s present and future needs (Figure 2.27) 

 

 

Figure 2.26 Contribution of individual basins to the total surface water potential in percentage 
(SHW, 2018)  
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Figure 2.27 Turkey’s river basins and water stress level (Adapted Onder & Onder, 2007) 

 

Turkey is now using almost 60% of its total exploitable water potential. While the level of 

water stress is currently not critical, the country is extracting more water than is being replaced 

naturally. Models predicted that water availability will be getting worse in the future as withdraws 

increases due to higher demand and more frequent droughts. The country is projected to reach 112 

billion m3 of water usage by 2023, which is the total exploitable water limit for Turkey (Figure 

2.22). Additionally, the population, which was 56.47 million in 1990, reached 80 million in 2018 

(with 102 people/km2 population density) and is expected to reach 100 million in 2040 

(TURKSTAT, 2018). The per capita available water is foreseen as 1120 m3 /person/year by 2040, 

which was 4000 m3 /person/year in 1960  (SHW, 2009).  

The Turkish agriculture sector is the largest water consumer and also accounts for the most 

extensive groundwater usage, which is a potentially valuable and only partly renewable resource. 

Low water use efficiency in agriculture (51 %) from outdated water delivery systems and 

traditional surface irrigation practices (flooding, furrow, border, etc.) results in over-abstraction 

and loss of water from both surface and groundwater in several river basins (SHW, 2014; Topcu 
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2011). Agriculture is anticipated to continue to consume 64 % of the total national water supply in 

2023, which was 72 % in 2018. 

 

 

 

 

 

 

 

 

 

Figure 2.28 Water usage by sector 2018 and 2023 projection (SHW, 2018) 

 

In most of the country’s irrigation schemes, irrigation water charges are determined not 

based on the amount of water used but are based on the “area-crop” system in which the charge 

per hectare is determined by the type of crop (Molle, 2019). Furthermore, the price of irrigation 

water is approximately 0.05–0.10 EU/m3, which is well below those in the European countries 

(FATIMA D1.2.3, 2016). This low rate causes some farmers to use excess water in their irrigation 

systems. 

Another main problem is increasing pollution in many water bodies due to agricultural 

runoff, domestic and industrial pollutants, and the lack of appropriate monitoring, insufficient 

pollution control, 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 and long-term financial and 

environmental sustainability of water and sanitation services remain a concern as described in the 

10th Development Plan. In the water sector, only 52% of contaminated water was treated in 2010, 

nonrevenue water is estimated at approximately 50%, and major capacity problems remain in the 

wastewater sector as a result of operational and technological inefficiencies (Yildiz, 2017). 
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Turkey is not only a heavy water consumer but is also set to start exporting its water supplies. 

The country constructed an 80 km water pipeline in 2015, which delivers fresh water to Cyprus 

(SHW, 2015a). Two primary water sources in the Middle East are the Tigris and Euphrates Rivers, 

where Turkey has a significant investment in water projects, which includes more than 60 dams, 

19 hydroelectric plants, and irrigation of around 1.8 million hectares of arable land (SHW, 2017a). 

The two rivers begin in Turkey's mountains and then flow towards the southeast, passing through 

Syria and Iraq. Depending on how negotiations with downstream countries turn out, Turkey may 

feel the need to release more water. If Turkey releases more water, it would increase the water 

stress in Turkey.  

Due to pollution, large population, Turkey’s hydro-climatic condition, and already high 

levels of water resource consumption compared to its total available water, Turkey 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 existing water legislation and institutions, 

which created a complex hybrid water management system in Turkey (Kibaroglu, 2011). The 

featured in section 2.6.3.3 Water resource management policies of Turkey shows that ambitious 

goals concerning sustainable management and planning of water resources do indeed exist and are 

already part of the political agenda. Numerous projects related to river basin management were 

carried out in Turkey in the past decade. The perception change in Turkish water management and 

policy is a reflection of the ongoing EU harmonization process. The country has undertaken many 

obligations to harmonize its water policy and make it more integrated.  

 Turkey has put a great effort into establishing an integrated water management policy and 

action plans (Basin Protection Action Plans, River Basin Management Plans, among others) by 

taking into account its own needs, development, and international standards. In particular, the 

establishment of the institutional basin structure and delegation (GDWM and Water management 

Coordination Committee, among others) in the country has been an important step in terms of 

water basin management. These entities aim to manage water resources at the basin scale. Their 

mandate is to take a big-picture perspective and be the leading voice on basin-wide water 

issues. This approach aims to keep basin constituencies and decision-makers 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 have also been supported by scientific institutions and non-

governmental and international organizations (World Bank, OECD, EU). With financial and 

technical assistance from the World Bank, the irrigation modernization program called “Irrigation 

Management Transfer” was started in 2008 by SHW. The Program focuses on converting the water 

delivery networks to pressurized, closed-channel (pipe-based) systems, instead of rehabilitating 

the traditional, open-channel systems. The main aim of the program is reducing water losses in 

conveyance and allows the use of high-efficiency on-farm irrigation systems such as drip and 

sprinklers. With the program, the establishment of water user organizations (WUOs) has started to 

take over the responsibility of implementing participatory irrigation management. Most of the 

WUOs in Turkey are irrigation associations or irrigation cooperatives, which are, in principle, 

responsible for surface water and groundwater, respectively (SHW, 2018). Participatory 

Privatization of Irrigation Management and Investments Project (PPIMIP) has also been developed 

to buy machinery and equipment needed by water user organizations taking over the responsibility 

of operation and maintenance services of irrigation facilities developed by SHW. 

Turkey has also made significant progress in urban wastewater management during the last 

two decades as a result of the continuous flow of investment from national and international 

sources. The percentage of people with access to wastewater treatment increased from 42% to 79% 

from 2005 to 2016 (OECD, 2019).  

There are still ongoing challenges in order to implement an IWRM planning approach in 

Turkey. While sustainability and IWRM are long-renowned concepts in the country, their 

incorporation into developmental issues and water management has been rather slow 

(Harmancioglu et al., 2020). Insufficient coordination among institutions is a major weakness in 

the realization of integrated river basin management in Turkey. Turkey’s institutional system is 

based on a centralized structure in which a wide variety of governmental institutions decide on 

water uses. The tasks and responsibilities of Turkish authorities do not have clear-cut boundaries. 

Numerous entities with overlapping tasks end up with a lack of coordination between these 

institutions. Less coordination often leads to unnecessary duplications in basin management 

studies, causing waste of effort, money, and time. For example, the General Directorate of State 

Hydraulic Works is authorized to provide water supply to all cities with municipalities. ILBANK 

is also authorized on the same matter, and this leads to conflict (Selek &Selek, 2020).  
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Water management legislation originates from the early years of the Republic (the Law on 

Waters No. 831, 1926).  Although a great number of legislations and regulations have been enacted 

for water resources management, existing water laws do not sufficiently address many issues, such 

as water-related construction (e.g., dams), industrial water needs, groundwater usage, irrigation, 

environmental degradation, and pollution. While the adoption of a new water law remains in a 

draft form since 2012, the lack of comprehensive water law is perceived as one of the major 

challenges in the Turkish water sector (Kibaroglu et al., 2011; Harmancioglu et al., 2020). 

Data limitations often hinder basin management and other water-related activities. There is 

no reliable historical data or sufficient database on water resources and basins. The current 

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 regard, there is the need for accurate and up-

to-date descriptive information and a national database on all aspects of water resources in basins, 

including water allocations, reservoir positions, groundwater elevations, and quality, water quality 

conditions, and available resources (GDWM, 2017). 

To conclude, the development of water resources constitutes an essential element in 

Turkey’s economic growth. Therefore, the development, management, use, and protection of water 

resources should be planned in an integrated manner, taking into account all the economic and 

social needs of its people.  
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CHAPTER 3 

WATER MANAGEMENT IN AKARÇAY RIVER BASIN 

 

3.1 General Characteristics of the Basin  

The Akarçay river basin is a closed basin covering an area of 7989 km2 in the inner-west 

Anatolia, Turkey. The length of the basin is approximately 130 km, and the width is 20 km. A 

large part of the basin is located within the borders of Afyonkarahisar province(Dogdu & Bayari, 

2005).  

 

Figure 3.1  Geographical map of the Akarçay Basin  

 

Eber and Aksehir are natural lakes, located at the lowest points in the basin, the Emir 

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 elevation, and 

approximately 40% of the basin area is plain. This basin is a graben type and has soil with high 

clay content (Dogdu & Bayari, 2005). 
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3.2 Climate and Meteorology 

While the average annual temperature of the country is 11.1 0C, the monthly mean 

temperature varies from a maximum of 21.9 0C in July and August to a minimum of 0.20C in 

January in 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 maximum rainfall (12%) 

occurs in December. The average monthly precipitation ranges from 15.2 mm in July to 73.9 mm 

in November. The annual average evaporation is 1,181 mm/year, with monthly averages ranging 

from 20.4 mm in October to 225.5 mm in July (SMS, 2017). 

The overall climate of the area can be characterized as a continental climate with cold 

rainy/snowy days in winter, but hot and dry weather in summer. The graben plain between Aksehir, 

Eber lakes, and Sultan, Emir Mountains permits microclimate effect, which is essential 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 young elastics and actual 

alluvial deposits (Figure 3.2). 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 alluvial fan sediments and slope debris. Volcanic rocks are generally 

found at the northwestern part of the basin and in the vicinity of Afyon. Metamorphic rocks mainly 

consist of schists, some quartzites, and recrystallized limestone ���.�X�]�X�F�X�R�÷�O�X���H�W���D�O���� 2019). 

The limestone of the Pliocene Age is also widely exposed in the north. Upper Miocene 

Kocatepe trachytes are the final products of volcanism. Akarçay Basin is a seismically active 

where tectonism largely controls the geomorphological, sedimentological, and hydrological 

characteristics of the basin. �$�N�ú�H�K�L�U���6�L�P�D�Y���)�D�X�O�W���6�\�V�W�H�P�����$�6�)�6�� is the essential tectonic structure 

in the basin, which has played a major role in the development of a graben shape of the basin. With 

a length of 130 km and a width of 4-20 km, NW-SE oriented Afyon-�$�N�ú�H�K�L�U���*�U�D�E�H�Q���L�V���R�Q�H��of the 

most important graben, and it plays an important role in the impact on the development of 

geothermal resources in the basin ���.�R�o�\�L�÷�L�W��& Deveci, 2007). Actively growing and 

unconsolidated alluvial fans are observed at the fault-bounded SE and NE margins of the region. 

A series of palaeo- and modern shallow lakes, including Aksehir and Eber, have formed along the 
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prolongation of the basin. The Akarçay River is the source of most of the water and some of the 

sediment coming into the depression from the SW. Paleozoic Afyon Metamorphics northwest of 

the basin is the oldest unit, estimated to have an approximate thickness of 2000 m, 

(metakonglomera, calc-schist, limestone, marble, and metavolcanic) ���.�X�]�X�F�X�R�÷�O�X���H�W���D�O����2019).  

 

 

Figure 3.2  Simplified geological map of Akarçay Basin (Kuzucuoglu et al., 2019) 

 

3.3.1 Hydrogeology 

Akarçay is a closed basin with a catchment area of 7994.5 km2 (GDWM, 2018). The tectonic 

uplifts in the basin have been increased the gradient between the catchment area and the discharge 

area. Due to the tectonic structure, sedimentation processes have been accelerated, and a 

heterogeneous hydrogeological structure has been developed (Tezcan et al., 2002). Currently, the 

�V�H�G�L�P�H�Q�W�D�W�L�R�Q���S�U�R�F�H�V�V���F�R�Q�W�L�Q�X�H�V�����H�V�S�H�F�L�D�O�O�\���R�Q���W�K�H���Q�R�U�W�K�H�U�Q���V�O�R�S�H�V���R�I���W�K�H���6�X�O�W�D�Q�G�D�÷�O�D�U�Õ�����D�Q�G���W�K�L�F�N��

alluvial fans have been created (Tezcan et al., 2002). 

Groundwater is principally fed by precipitation over the sandy pebble levels of volcanic, 

carbonate rocks, and Neogene sediments that form the heights around the plain. Underground 
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recharge from these units feeds the thermal and freshwater aquifers located underneath the plain.  

The Plio-Quaternary alluvial and lacustrine sediments underlying the plain make up the principal 

freshwater aquifer, which is underlain in part by Afyon metamorphics consisting of Bayramgazi 

schists and Oyuklutepe marbles Afyon metamorphites composed of the thermal groundwater 

aquifer. A Neogene aquitard (i.e. silt-clay) of 200-m thickness separates both aquifers. However, 

the high water pressure in the thermal aquifer leads some warm water intrusion into the freshwater 

aquifer, where Neogene units have high hydraulic conductivity and transmissivity. The freshwater 

aquifer is also confined from the top by the Pleistocene-Holocene sediments of lacustrine origin.  

Ordovician schists outcropping in Sultan Mountains covers an area of approximately 383 km2. The 

impermeable structure of these schists caused the development of surface flow network by 

�E�O�R�F�N�L�Q�J���L�Q�I�L�O�W�U�D�W�L�R�Q�����0�H�W�L�Q���H�W���D�O�����������������8�O�X�W�•�U�N���������������<�Õ�O�G�Õ�]���H�W���D�O���������������� 

 

3.3.1.1 Watershed Sub-Basins 

The watershed is composed of 8 sub-basins (Figure 3.3). Although the watershed has a 

disorganized topography primarily caused by the mountain chain rising in the southwest, the 

topography has been changing relatively smoothly in sub-basins with a mean sea level of 1000 m. 

 

 

Figure 3.3  Akarçay basin sub-basins (Adapted from GDWM, 2017) 
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3.3.2 Water resources  

The water potential of the basin is 445.6 hm³/year, of which 272 hm³/year is surface water, 

and 173.6 hm³/year is groundwater. Total exploitable water potential is 130 hm³/year surface and 

173.6 hm³/year groundwater, 303 hm³/year (GDWM, 2017). The distribution of water resources 

by sub-basins can be seen in Figure 3.4 and Table 3.1. 

 

 

Figure 3.4   Distribution of water resources by sub-basins (Adapted from GDWM, 2017) 

Table 3.1 Groundwater and surface water potential of sub-basins (GDWM, 2017) 

Sub-Basins Surface Water 
Potential  (hm3/year) 

Groundwater 
Potential (hm3/year) 

Sincanli 39.7 43.7 
Altintas 30.4 31.3 
Suhut 0.8 36 
Afyonkarahisar 12.3 17 
Emirdag 4.5 21.5 
Cay 25.3 21.6 
Bovaldin 13.8 -2.7 
Aksehir 144.3 6.1 
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3.3.2.1 Surface Water Resources  

Akarçay River is the primary water resource within the basin, and the Kali River is one of 

the main tributaries of Akarçay. Internal drainage is maintained by the perpetual Akarçay Stream 

flowing from west to east. Akarçay river basin has an average discharge is 6 m3 /s (at the outlet to 

Eber Lake) with a max observed streamflow of 165 m3 /s (SHW, 2017b).  The annual surface water 

potential is about 272 hm³/year, and yearly mean discharge, and basin yield is 0.49 km3 and 1.9 

liter/sec/ km², respectively (GDWM, 2014).   

The primary source of the �$�N�D�U�o�D�\�� �5�L�Y�H�U�� �L�V�� �F�R�Q�V�W�L�W�X�W�H�G�� �E�\�� �W�K�H�� �F�R�Q�I�O�X�H�Q�F�H�� �R�I�� �$�F�Õ�o�D�\�� �D�Q�G��

Aksu streams.  This drainage system feeds Eber Lake, which is connected with Aksehir Lake in 

the east (Merter et al. 1986; Dogdu & Bayari,�������������� �7�K�H�� �$�N�ú�H�K�L�U���� �(�E�H�U�� �/�D�N�H�V, and Karamik 

marshes are three natural lakes in the Akarçay Basin, which are ecologically wetlands of 

international importance and protected under the Ramsar Treaty. Other rivers in the basin are 

Degirmendere, Agik, Yalvacbeli, and Engili. 

�:�K�L�O�H���W�K�H���$�N�ú�H�K�L�U���/�D�N�H���L�V���I�H�G���E�\���V�H�Y�H�U�D�O���Wributaries from northern and southern heights, the 

Eber Lake is fed by the four small seasonal streams from the western slope of the Sultan Mountains 

and Akarçay River. The basin’s permeability is low, and the source of the stream is mostly surface 

water and precipitation (Tercan, 2002).  

 
Table 3.2 Physical properties of Akarçay and Eber Lakes (Kuzucuoglu et al., 2019) 

Lakes  Origin  Elevation 
a.s.l 
(m) 

Surface 
Area 
(km2) 
Present 

Surface 
Area 
(km2) 
Max 

Catch- 
ment  
Area 
(km2) 

Water 
Depth  
(m) 
Present 

Water 
Depth  
(m) 
Max 

Salinity 
/EC 
(µs/cm) 

Aksehir Tectonic 955 95 361 7500 1.5 6 4800 

Eber Tectonic 965 16 164 7000 2 6 750 
 

3.3.2.2 Groundwater Resources 

The total exploitable annual groundwater potential of the Akarçay Basin is 182x106 m3/year 

(SHW, 2019). Transmissivity ranges between 50 and 20000 m2/day; hydraulic conductivity varies 

between 0.01 and 224 m/day, and storativity ranges between 0.02x10-4 and 3.79x10-4. 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 people, irrigation water user 

organizations (WUOs), and government institutions such as SHW, Municipalities, and ILBANK 

(SHW, 2019). Approximately 11050 wells drilled for irrigation by local people and WUOs, and 

1000 of them are illegal (unlicensed) wells, which cause fast groundwater depletion. There are 

also 32 monitoring wells that have a cylindrical recorder to regularly monitor water level change 

in the basin (SHW, 2019).  

 

Figure 3.5  Wells in the basin (SHW, 2019) 

 

Figure 3.6 and Figure 3.7 demonstrate that hydraulic conductivity is very well developed in 

the region between Afyon plain, Cay- Suntandagi, and Cobanlar-�'�H�÷irmendere-Nuribey. These 

areas are essential in terms of groundwater mining, also constitute risk areas for the control of 

groundwater quality. Groundwater pollution that may occur in these areas and shows a very rapid 

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

 
 
Figure 3.7  Hydraulic conductivity map. (Adapted from SHW, 2003) 
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3.3.2.3 Geothermal Areas 

Due to an active seismogenic zone is called an �$�N�ú�H�K�L�U���6�L�P�D�Y���)�D�X�O�W���6�\�V�W�H�P�����$�6�)�6�������W�K�H�U�H��

are several geothermal fields in the Basin. Akarçay basin has four important geothermal fields 

Omer-Gocek, Sandikli, �*�D�]�O�Õ�J�|�O����and Heybeli. The high geothermal gradient and Miocene aged 

volcanic rocks are the heat �V�R�X�U�F�H�� �I�R�U�� �J�H�R�W�K�H�U�P�D�O�� �Z�D�W�H�U�V�� ���%�D�ú�D�U�D�Q�� �H�W�� �D�O��, 2015). Impermeable 

phyllite-schist units of Paleozoic Afyon metamorphics are the basement rocks; the impermeable 

Neogene sedimentary units are the cap rocks, Oyuklutepe marbles, re-crystallized limestones, and 

�T�X�D�U�W�]�L�W�H�V���D�U�H���W�K�H���U�H�V�H�U�Y�R�L�U���U�R�F�N�V���D�Q�G���I�R�U���W�K�H���J�H�R�W�K�H�U�P�D�O���V�\�V�W�H�P�V���%�D�ú�D�U�D�Q���H�W���D�O��, 2015). Thermal 

water uprise either through volcanic host rocks or through the intersection of active faults that also 

dissect Plio-�T�X�D�W�H�U�Q�D�U�\���I�U�H�V�K�Z�D�W�H�U���D�T�X�L�I�H�U�����%�D�ú�D�U�D�Q���H�W���Dl., 2015; Ulutürk, 2009).  

 

Table 3.3 �3�K�\�V�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I���J�H�R�W�K�H�U�P�D�O���D�U�H�D�V�����%�D�ú�D�U�D�Q���H�W���D�O���������������� 
 

Omer Gocek Sandikli Gazligol Heybeli 

Reservoir Rock Marble Quartzite-
Limestone 

Quartzite Recrystallized 
Limestone 

Number of drillings 30 26 56 10 

Depth of drillings (m) 10-1100 49-1200 50-800 200-650 

Temperature (0C) 45-125 65-85 43-86 30-55 

Total Flow Rate (l/s) 450 100 260 200 

EC(µ/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 

 

Geothermal waters in the region are used generally for district heating, thermal tourism, and 

greenhouse. The maximum temperature was measured at 125°C (Basaran et al., 2015). In the basin, 

there are four thermal springs with individual discharge rates between 0.1 and 3 l/s, and the thermal 

tourism industry is developing rapidly. Estimated 23,000 houses and 910,000 m2 greenhouse are 

heated, and 29,000 bed-capacity tourist facilities are run by using geothermal water in the basin 

(Basaran et al., 2015).  

 

3.3.2.4 Hydrologic Structures  

There are three dams and 20 active ponds constructed by SHW in the Akarçay Basin. These 

structures are mainly for irrigation and domestic usage. 
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Table 3.4 Physical properties of reservoirs (SHW, 2019) 

Name River Irrigation 
Area(ha) 

Area 
(km2) 

Height 
(m) 

Volume 
(hm3) Purpose Status 

Selevir Kali 8310 5 31 70 Irrigation+ 
Flood P. 

Active 

Seyitler Seyitler 2950 5 27 40 Irrigation Active 

�$�N�G�H�÷�L�U�P�H�Q Akarçay 8552 6 35 50 Irrigation 
+Drink 

Active 

Cay Cay Plan - - - Irrigation 
+Drink 

Under 
Constr. 

Suhut Suhut Plan - - - Irrigation Under 
Const. 

 

3.3.3 Water Usage and Quality  

Current water usage can be seen in Table 3.5, where 83 % of water was used for agriculture. 

The remaining 17 % of water was used for domestic and industrial purposes (GDWM, 2018). 

 

Table 3.5 Current water usage in the basin  

 

 

 

Water quality analysis results can be seen in Table 3.6. Classification of inland waters was 

carried out according to the Quality Criteria of Inland Waters (GDWM, 2018; MoEU, 2017). 

 

Table 3.6 Basin water quality parameters  
 

pH-

Conductivity  

Temp 

(C0 ) 

BOD COD NO2-

N 

NH3-

N 

TP Heavy 

Metal   

Overall 

Akarçay 
Basin 

I I III -
IV 

III  IV IV-II  III  I IV 

 

Results indicate that the surface waters in the catchment area and lakes are 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 water. As a consequence, both Akarçay 

and Eber lakes are not suitable as a source of drinking water extraction (MoEU, 2017) 

Additionally, the ecological water quality results from the study conducted by Demir et al. (2017) 

 
Domestic+Farming 
(hm3/year) 

Irrigation  
(hm3/year) 

Industrial 
(hm3/year) 

Total 
(hm3/year) 

Water Usage  48.7 318.5 15.1 382.3 
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reveals that river water bodies in Akarçay Basin have low phytoplankton biomass and high the 

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

 

3.4 Socio-economic Conditions 

The territory of the basin includes parts of Afyon and Konya provinces with 12 district 

centers, and 43 municipalities are distributed among 45 neighborhoods and 159 villages within the 

basin boundary (GDWM, 2015). As the areal distribution of provinces is analyzed, Figure 36 

demonstrates that the regions of Afyonkarahisar cover a large part of the basin.  

 

Figure 3.8 Areal distribution of provinces in the Akarçay River Basin (GDWM, 2015) 

Akarçay Basin had 607,475 inhabitants in 2016, which make up one percent of Turkey with 

a density of 76 inhabitants/km2 (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).  

 

 
Figure 3.9 Population projection (GDWM, 2015) 
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In the Akarçay Basin, 51% (404.952 ha) of the land is covered by agriculture, 42% (332.723 

ha) is covered by forest, urban and rural areas cover 2 %( 13.566 ha), and 5 %( 44.568 ha) is 

covered by water and wetlands (Figure 3.10).  The economy of the basin is based on agriculture, 

industries, and thermal tourism.  

The agriculture sector has an important place in the basin's economy due to the convenient 

climate conditions and wide plains (2985.0 km2). Therefore, a large part of its population lives in 

the countryside. The total area of irrigated land is 89,928 hectares, which are about 53% of the 

total economically irrigable area in the river basin.  Poppy, wheat, barley, sugar-beets, alfalfa, corn, 

potatoes, cherry, and apple are the most produced agricultural products in the watershed. Livestock 

and poultry activities mainly concentrate on animal production to meet the demand for dairy, eggs, 

and meat products (GDWM, 2015). 

 

 

Figure 3.10  Land cover/use in Akarçay Basin(Adapted from GDWM, 2015) 
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The main industrial activities in the basin are the agricultural and mining industries (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 of agricultural, industrial, forestry, mining, recreational, and 

tourism activities. However, these sectors create severe pressure on water resources, which causes 

a dramatic reduction in biodiversity as well as many environmental services. Major environmental 

problems of the basin can be listed as diminishing freshwater resources and water pollution.  

�7�K�H�� �$�N�ú�H�K�L�U�� �D�Q�G�� �(�E�H�U�� �D�U�H�� �W�Z�R�� �E�L�J�� �O�D�N�H�V�� �L�Q�� �W�K�H�� �E�D�V�L�Q���� �D�Q�G�� �W�K�H�� �O�D�Q�G�� �V�X�U�U�R�X�Q�G�L�Q�J���W�K�H�� �O�D�N�H�V��

constitutes significant farming areas (36% of the total agricultural area), particularly for fruit crops 

that benefit from local microclimates.  In addition, lakes are ecologically wetlands, which have an 

indispensable role in the continuation of the natural balance. Recently the surface area of Aksehir 

Lake has been shrinking, and the lake is facing the danger of extinction. It has lost as much as 90% 

of its water, and sometimes it dries up entirely in summer and fall (Figure 3.11).  The lake level 

continuously declined until 2014, before finally declining below the lake level gauge station 

(Kibaroglu, 2020). Climatic fluctuations, especially lack precipitation and water loss by 

evaporation, contribute to shrinkages of lakes' surface area.  

 

 

Figure 3.11 Satellite figure for Eber and Aksehir Lakes 
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Based on the preceding data, it is obvious that anthropogenic factors such as dams, ponds, 

and weirs built in recent decades for irrigation, wasteful irrigation methods (flooding), and an 

increase in domestic water consumption have more contribution than climatic factors on the 

change of level of lakes level (Figure 3.12).   

 

 

Figure 3.12 Surface area and rainfall distribution graph (Catal & Dengiz, 2015) 

 

In addition to the surface water crisis, there is also significant concern about groundwater 

abstraction. Over the past few decades, the basin has experienced huge non-renewable 

groundwater abstraction for irrigation, along with groundwater head declines and environmental 

degradations (Figure 3.13) (SHW, 2019). The number of installed wells has rapidly increased from 

the 1980s due to the growth of population, lack of precipitation, and frequent droughts. Local 

people opened numerous nonregistered or illegal wells that cause fast groundwater depletion.  

Traditional irrigation methods (flooding, furrow, border, etc.) and outdated water transfer systems 

are widely applied in many regions in the basin (almost 80% of total irrigated areas). Also, the 

pricing of irrigation water based on land area causes improper and excessive water use in 

agriculture. The price of the irrigation water is still based on operation and maintenance costs in 

all irrigation schemes, and it is charged on per hectare basis, differentiated according to the crop. 

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

 

The main water problems in the basin are not only inadequate and uncertain supplies, but 

also deteriorating water quality. The pollution problem of the basin predominantly derives from 

the unconscious use of fertilizers and pesticides in agricultural activities, discharge of untreated 

domestic and industrial wastewater, geothermal facilities, and irregular landfills.  Groundwater 

contamination from the surface is not anticipated because of the impermeability of sediments 

covering the plain surface, and there is not any comprehensive study on the groundwater pollution 

in the basin.  

The Afyon Geothermal District Heating System (AFJET) was started in 1994 to provide 

residential heating for buildings and hot water for commercial greenhouses by using re-circulated 

geothermal fluid. AFJET currently performs 20 % of its capacity ((i.e., 170 l/s of TW production), 

when the project becomes fully operational (i.e., 625 l/s of TW production), environmental 

consequences will be unfavorable (Dogdu �	���%�D�\�D�U�Õ����2005).  

Since 1997, approximately 5 million tons of thermal water per year were used and discharged 

into Akarçay Stream (Ozdemir & Ucan, 2006), further contributing to water pollution in the Basin. 

Based on hydrochemical analyses of the groundwater in Akarçay Basin, it was found that 
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groundwater contains boron, arsenic, Na, K, Cl, Li chemicals, and this inturn, became a serious 

source of pollution for basin’s freshwater (Dogdu & Bayari, 2005; Baba & �$�\�\�Õ�O�G�Õ�]�� 2006).  

Geothermal water contribution has also been reported in the irrigation water wells located around 

the geothermal fields (Dogdu & Bayari, 2005).  

Climate change is another concern and risk for the sustainability of water resources in the 

basin. General Circulation Models (GCMs) are the main tools to generate climate change 

projections based on emission scenarios. According to output from three climate circulation 

models (HadGEM2-ES, MPI-ESMMR, and GFDL-ESM2M2) and two scenarios (RCP4.5 and 

RCP8.53) for the period 2016-2100, the temperatures in the basin will rise between 1.5°C and 4° 

C on average. For the same period, results indicate the precipitation will significantly reduce (20%) 

in the basin at the end of the century (GDWM, 2016).To calculate future water deficit and surplus 

based on the output of climate models, a simple hydrological water budget method was applied to 

the basin. 

 

�û�6��� ���3���í���5��– ET formula was used to calculate the water balance in the basin (Fetter, 2004). 

�û�6: Storage Change 

P:  Precipitation 

R: Runoff, ET 

E: Evapotranspiration  

 

With the effect of climate change, it is predicted that the gross water potential of the basin 

could decrease by up to 70% with a pessimistic climate scenario. Thus, in the same period, it is 

expected that the annual amount of water available will not meet the total water need, and the 

water deficit might reach 200 million m3/year (GDWM, 2016). According to the optimistic climate 

scenario, RCP 4.5 possible future conditions in the basin can be seen in Table 3.7. 

                                                 
2 HadGEM2 is a comprehensive Earth-System Model developed by Hadley Centre of UK Met Office. 
MPI-ESM-MR is a comprehensive Earth-System Model developed by Max Plank Institute (MPI) for 
Meteorology (MR mixed resolution). 
GFDL-ESM2M is a comprehensive Earth-System Model developed by National Oceanic and Atmospheric 
Administration (NOAA) Geophysical Fluid Dynamics Laboratory (GFDL). 
3 RCP’s = Representative Concentration Pathways 
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Table 3.7: With future climate scenario (RCP4.5), water budget possibilities of Akarçay Basin 
(Adapted from GDWM, 2016)  

  2015-
2020 

2021-
2025 

2026-
2030 

2031-
2035 

2036-
2040 

2041-
2045 

2046-
2050 

Unit hm3/year hm3/year hm3/year hm3/year hm3/year hm3/year hm3/year 
A-FLUX IN  

       

Water Resources 
Total  

369.2 391 396.2 315.2 260.4 358.9 267.4 

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

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 81.5 76.6 51.4 52.5 53.7 55.1 
Total Flux In  482.4 472.5 472.8 366.7 312.9 412.6 322.5 
        
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 Usage 68.2 72.8 74.3 53.8 38.3 89.7 42.1 
Eber Lake 
Evoporation  18.8 17.5 16.4 12.3 9.4 12 7.7 

Aksehir Lake 
Evoporation 72.5 66.1 59.8 54.1 50 44.6 40 

Total Flux Out  588.8 545.8 545.7 521.3 505.2 560.4 510.3 
Water Budget  
(Deficit/Surplus)  

-106.4 -73.3 -72.8 -154.6 -192.3 -147.8 -187.8 

 
 

The Basin is already under water stress and is also quite sensitive to climatic conditions. If 

the pessimistic conditions which lead to decreased water supply and increased water demand 

occur, the resulting successive water deficits will significantly affect the agricultural sector. 

Moreover, even when the optimistic scenario (RCP4.5) is assumed to occur, it is not possible to 

observe a significant improvement in the water budget (Table 3.7). Accordingly, efficient water 

management policies are crucial to solve water problems and to ensure sustainable development 

in the Akarçay River Basin. 
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3.6 Water Management in the Basin 

In addition to a central government and its institutions that are mentioned in the institutional 

structure of Turkey (Section 2.6.3.2), the Akarçay Basin has rural area implementation units. In 

Basin, while the government and affiliated units make strategic decisions and plans, the 

implementation of those are operated by the authorities of relevant ministries, provincial and local 

administrations, public-private consortiums i.e. NGOs and companies. In order to manage 

irrigation, there are irrigation organizations which cover water user associations (WUA), irrigation 

cooperatives, and local management irrigation organization (LIO). LIO are limited and have 

responsibility from a small number of irrigation areas. Currently, there are 272 irrigation 

organizations for the management of irrigation. Almost all irrigation cooperatives have the status 

of groundwater irrigation cooperatives (GWIC) (SHW, 2018).  

The establishment of GDWM is a big milestone for water management of the Turkey and 

Akarçay Basin. GDWM works as a leading water management authority in full efficiency together 

with related governmental and non-governmental organizations and affiliated boards such as the 

Water Management Coordination Board and Basin Management Committee consisting of the 

Provincial Water Management Coordination Board. They have been necessary formations for the 

country to meet the requirements of IWRM.  

Since the early 2000s, water management activities have been enhanced by the government 

in order to protect the basin’s scarce water resources. The first detailed report carried out in the 

basin was “Hydrogeology of Akarçay Basin and Groundwater Flow Model” by Hacettepe 

University in 2002. In general, the aim of the project was evaluating groundwater and surface 

water flow and quality dynamics, and determination of the relationship between groundwater and 

surface water, which is expressed with mathematical models in the basin.  

The Implementation of the Water Framework Directive in Turkey has supported the IWRM 

approach in the country and the basin.  Along this line, Basin Protection Action Plans (BPAPs) 

were prepared for all 25 basins between 2009 and 2013.  To identify the most critical problems in 

the basin, the Akarçay River Basin Protection Action Plan was prepared in 2013. This plan was 

developed in a shorter period and considered as a predecessor to the more comprehensive River 

Basin Management Plans (RBMPs); the action plans thus help start the implementation of priority 

measures. 



 

85 
 

Having a limited amount of water resources and vast agricultural land, as well as being a 

closed basin, make Akarçay Basin one of the most vulnerable areas of Turkey against droughts. 

Turkish Government has made efforts to determine the possible changes in climate and the impacts 

of these changes correctly, in order to mitigate the negative impacts of possible droughts and floods 

and keep water scarcity at the minimum level by determining measures to be taken before, during, 

and after the drought periods. In  2013, the General Directorate of Water Management (GDWM) 

had started “ The Effect of Climate Change on Water Resources Project,”  and the climate project 

for Akarçay Basin was finished in 2016 (GDWM, 2016). In 2015, Akarçay Basin Drought 

Management Plan was prepared by analyzing drought indices, water budget studies, drought risk 

maps, and sectoral vulnerability analyses in each basin  

In 2017, the Akarçay Basin Master Plan was prepared by State Hydraulic Works to evaluate 

the potential of soil and water resources in the basin. To initiate a comprehensive feasibility study 

at the river basin level, the hydrometric network was promoted, and the surveys were conducted 

for the evaluation of irrigable land. This master plan will be used in the preparation of the Akarçay 

River Basin Management plan. Also, with the support of GDWM, the first biological monitoring 

in the Akarçay basin, according to the WFD, started in 2017 to measure water quality in the basin.   

In 2018, Akarçay Basin Sectoral Water Allocation Plan for years 2019 to 2024 was finished 

to determine  the current situation and future sectoral water demands (drinking, environmental 

need, agriculture, trade, energy, tourism, mining, and recreation etc.) for water potential 

projections at basin scale (for the climatic conditions of normal, mild, medium, severe and very 

severe arid periods. 

The complex watershed management found in the administrative and legal structure of 

Turkey in terms of natural resource management also exists in Akarçay watershed. According to 

the legislative framework, there are many laws and regulations related to the conservation of water 

and other resources. The incoherence of legislation results in institutional conflicts and overlaps, 

which causes coordination and authority problems within the basin. Due to the legal aspects 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 Akarçay River Basin  

Based on the findings of this study, policymakers, NGOs, agricultural extension agents, 

households, and stakeholders should consider the following recommendations in order to 

sustainably manage the waters of the Akarçay Basin.  

The critically important agricultural sector continues to use traditional irrigation methods 

(flooding, furrow, border, etc.) and outdated water transfer systems. To sustain the water resources 

in this drought-prone region, water-saving technologies such as sprinkler or drip systems should 

be widely used and, water distribution networks should regularly be maintained to minimize 

leakages and water loses. The government can encourage this technological transition by providing 

tax incentives to farmers. In addition, irrigation fees should be levied according to volumetric 

water consumption. However, such a major change will take time due to Turkey’s legal and 

institutional system. 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 Akarçay Basin are under strong anthropogenic pressures 

due to a significant number of illegal wells, and over-abstraction of non-renewable groundwater 

for irrigation. Therefore, current boreholes inventory should be documented, borehole drillers 

should be audited, and laws that cover the pumping of 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 water resources are highly contaminated by excessive use of agricultural chemicals, 

industrial and urban wastewater discharge, and geothermal water return. The government needs to 

expand the coverage of wastewater collection networks and treatment and reuse of more of these 

waters. Treated wastewater should be used for irrigating agricultural crops and parks. Countries 

with serious water shortage problems such as Saudi Arabia does just that. This will create new 

water sources and contribute to sustainable environmental protection. In addition, instead of 

injecting geothermal fluids in to surface water resources as happens now, geothermal fluids should 

be injected back into geothermal reservoirs using wells with thick casing to prevent cross-

contamination of brines with groundwater systems. Finally, more wells need to be open to dug to 

monitor groundwater pollution.  

Climate change will put additional pressure on already stressed water resources in Akarçay 

Basin. There is a need to invest in research in order to improve the prediction of the impacts of 
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climate change, to develop effective mitigation and adaptation strategies that are essential for 

ensuring sustainable water management. Decision-makers should develop an early warning system 

that monitors changing climatic conditions and triggers contingency plans at the first sign of water 

shortage, offering water managers and farmers the best chances of avoiding crop failure. 

Restrictions should be put in place that would limit or prohibit the planting of water-thirsty crops 

like alfalfa and sugar beets. Crops and plants that are low water consumption and drought-resistant 

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 storage from neighbor basins should be seriously considered. Some advantages of this 

approach are no evaporation losses from the groundwater, lower permitting, construction and 

operation costs, reduced energy use and greenhouse gas emissions, and more local control over 

water resources. This method can improve water and food security under climate change.  

In addition to technical measures, it is necessary to approach given watershed management 

as a whole and carefully evaluate the local people's structure and stakeholder participation. The 

projects and programs for the Akarçay basin at the government level continue, and participation 

of the private sector and water user organizations has been increasing. However, awareness among 

the local people about environmental issues and water scarcity have so far not been able to achieve 

the desired level. Education programs for the public regarding hydrologic systems, environmental 

degradation, and climate change are one of the big parts of increasing awareness about 

groundwater depletion and limited water in the basin. It’s important that local people understand 

how much water they use and where it’s coming from, how scarce it is in that region, and what 

they can do to conserve water. On the other hand, when farmers and local people have direct 

responsibility for managing common water resources, they are likely to mitigate the hydrological 

degradation of these resources.  

The current institutional frameworks are incapable of achieving sustainable and integrated 

water resource management. As the country continues to undertake measures to fulfill obligations 

to harmonize its water policy with those of the European Union (EU), many changes were made 

to existing water legislation and institutions. These changes have created a complex hybrid water 

management system in which departmental responsibilities are not well-defined. Additionally, the 

existing water law (which dates back to the 1920s) does not sufficiently address many issues, such 

as water-related construction (e.g., dams), industrial water needs, groundwater usage, irrigation, 
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environmental degradation, and pollution. In addition to these gaps, existing water legislation does 

not adequately assign authority and responsibility for water-related matters. The Draft Water Law, 

one of the fruits of the legislative harmonization process, was formulated in 2012 and still has not 

been enacted. This Law takes a holistic and integrated approach to water management at the basin 

scale. Although basin-level water management institutions have been in place since 2012, the basin 

still has a multi-headed management structure in which different ministries and institutions have 

independent but overlapping responsibilities that yield mismanagement of water resources. 

Assigning a single responsible ministry, such as defined in the 2012 Draft Water Law, could help 

in coordinating and integrating water management; other ministries should have an advisory role, 

not decision-making authority. If this is not feasible in the near future then the government should 

give current water institutions clear guidance 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 growing human 

population, expanding economic activities, improved living standards, and changing climate 

patterns. Water deficiency in many arid and semi-arid regions is becoming a major constraint for 

economic welfare and sustainable regional development. These regions are characterized by high 

spatial and temporal imbalances of water supply and demand, seasonal water uses, inadequate 

freshwater resources, and poor water management overall.  

This research developed recommendations on how to sustainably manage water in Akarçay 

Basin. It gained insights from the academic literature 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 system of 

Murray Darling River Basin and Colorado River Basin are decentralized, which allow them to 

adapt to changing environmental conditions and be more resilient to droughts. They have 

undergone significant water planning and management reforms in response to severe 

droughts. These reforms represent important milestones in multi-decadal efforts to confront a 

similar set of defining challenges across the two basins: over-allocation, climatic variability, 

upstream-downstream trade-offs across multiple jurisdictions, and the need to balance water for 

people and the environment. 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 basins provides the opportunity to “learn by doing,” allowing refinement of 

management approaches through time. 

The main strength of the Australian water management strategy is that it tends to encourage 

a holistic and integrated view of management. Australian water management system gives citizens 

considerable power in identifying issues, selecting priorities, and developing strategies. By 

learning from the past and navigating trade-offs, water policy in the MDB has been integrated and 

framed with the basin-scale approach. The Colorado River Basin management also has become 

collaborative and adaptive. In the basin, although historic agreements have led to over-allocation 

and unsustainable use of water resources, recent droughts with a high level of water consumption 

provide policy windows for creative solutions also opportunities for adaptation. In recent years, 
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adaptive management has provided greater societal participation in the understanding and decision-

making of the Colorado River and increased attention to how water users and managers incorporate 

environmental issues into a more in�W�H�J�U�D�W�H�G���V�H�W���R�I���S�U�R�J�U�D�P�V���W�K�D�W���R�I�I�H�U�V���D�Q���L�P�S�U�R�Y�H�G�����P�R�U�H���F�R�V�W�(

�H�I�I�H�F�W�L�Y�H���Z�D�\���W�R���D�Y�R�L�G���X�Q�G�H�V�L�U�D�E�O�H���W�U�D�G�H�(�R�I�I�V���D�Q�G���F�R�Q�I�O�L�F�W�V�� 

Despite the arid to hyper-arid conditions in Saudi Arabia, the Kingdom's water policy was 

mostly supply-management. Freshwater was provided for free or at heavily subsidized prices. It 

also pursued a policy of wheat self-sufficiency in the late 1970s and abandoned it in 2008 after 

suffering a significant financial cost and inflicting hydrological damage to overdrawn aquifers. A 

decade ago, the Kingdom reversed course started importing wheat (virtual water), increasing water 

tariffs paid by consumers, which would reduce both water consumption and dependency on 

energy-intense expensive desalination. The government is expanding its public awareness 

campaigns about environmental issues, especially about water scarcity and the need for 

conservation. All these are positive steps that, 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 demand, and decades of mismanagement. Water scarcity is handled 

as crisis management where policies are mostly reactive, and not strategic. The minimal level of 

public participation 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 people. However, this 

process often produces costly environmental problems such as those experienced by Saudi Arabia.  

It appears to have learned a lesson from its decades of misguided farming policy, and its water 

subsidy. On the other hand, the system in Iran appears to be less adaptive than that in Saudi Arabia.  

Turkey is an interesting example as a developing country that tries to adapt to European 

water management strategies (Water Frame Directive) but with legal, institutional, and economic 

drawbacks. Turkey’s desire to join the European Union has had far-reaching consequences for its 

water policy. Last three decades, Turkey’s water policy has been moved away from its heavily 

centralized public policy system, where now the country enjoys strong private sector participation. 

However, there are still a 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 management of the Akarçay 

Basin are: First, decades of poor water management have contributed to the degradation of the 

ecological health of the Akarçay Basin. The high number of illegal wells, traditional wasteful 

irrigation methods, insufficient pollution control, weak enforcement of regulations, and low level 

of environmental awareness and public participation resulted in the unsustainable use of water 

resources in the basin. 

Second, the current institutional frameworks are incapable of achieving sustainable and 

integrated water resource management. As the country continues to undertake measures to fulfill 

obligations to harmonize its water policy with those of the European Union (EU), many changes 

were made to existing water legislation and institutions. These changes have created a complex 

hybrid water management system in which departmental responsibilities are not well-defined. 

Numerous institutions have overlapping tasks that often do not coordinate with one another, 

causing hydrologically and economically wasteful use of resources in the basin. There is still no 

modern, comprehensive water law. The Draft Water Law is one of the fruits of the legislative 

harmonization process, was formulated in 2012. However, water law has not come into force yet 

due to the indecision of politicians in finalizing the law. In order to sustainably manage the waters 

of the Akarçay Basin, the current Draft Water Law should be enacted. Assigning a single 

responsible ministry, such as defined in the 2012 Draft Water Law, could help in coordinating and 

integrating water management; other ministries should have an advisory role, not decision-making 

authority. If this is not feasible in the near future, then the government should give current water 

institutions clear guidance on what their exact tasks should be.   

Third, according to global climate models, climate change will significantly reduce the 

availability of water, increase drought frequency, and uncertainties regarding the weather in the 

basin. Therefore, adaptive management strategies are crucial to adjust changing environmental 

conditions and to be more resilient to future droughts. 

Socially inclusive water policies, good water governance, which also supports 

environmental values, are essential for the sustainable development and integrated management of 

water resources in the Akarçay River Basin and others in Turkey. 
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