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1. BACKGROUND AND INTRODUCTION  

In 2002, GRID-Tbilisi, together with the UNEP Regional Office for Europe 

(ROE), completed an initial sub-regional analysis process for the 

Caucasus Ecoregion, generating the flagship report entitled Caucasus 

Environmental Outlook (CEO) at that time covering only four countries of 

the region: (Georgia, Russia, Azerbaijan, Armenia). 

The report remained as a key reference document but needed to be 

updated in terms of data and information and expanded to the broader 

Caucasus region (including Iran, Turkey). 

In December 2018, the Caucasus Network for Sustainable Development 

of Mountain Regions (Sustainable Caucasus) and Swiss Cooperation 

South Caucasus signed an agreement, which marked the start of the 

implementation phase for the project Strengthening Adaptive Capacity in 

the Caucasus: Enhancing Regional Cooperative Action for the Benefit of the Caucasus Mountain Region 

(SCAC). 

Partners of the second Caucasus Environmental Outlook, (hereinafter Partners) are: 

• UN Environmental Programme 

• Sustainable Caucasus  

• GRID-Geneva and GRID-Arendal 

 

2. CAUCASUS ENVIRONMENTAL OUTLOOK 2022 

Under the SCAC project, the CEO will be updated. It will form the sub-regional examination and 

synthesis of the current environmental situation in the Caucasus mountainous region, including 

Azerbaijan, Armenia, Georgia, and parts of Iran, the Russian Federation and Turkey. The aim is to 

provide a fundamental reference document for assessing the Sustainable Development Goals (SDGs) 

implementation in the Caucasus region.  

The second Caucasus Environment Outlook (CEO) is a state-of-the-environment report built 

according to the DPSIR framework (Drivers, Pressures, State, Impact, Responses). Each Chapter 

contains a similar structure, and the author should first familiarise him/herself with the framework.  

The main chapters of the second Caucasus Environment Outlook mostly follow the structure of the last 

Global Environmental Outlook-6 and are as follows: 

- Chapter 1: Drivers of environmental change  
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- Chapter 2: Land cover 

- Chapter 3: Biodiversity  

- Chapter 4: Air 

- Chapter 5: Freshwater 

- Chapter 6: Environmental and human-made disasters  

A major objective is to build on a large amount of data and information generated through various 

projects in the six countries and information provided by multiple experts and stakeholders participating 

in the work, ultimately resulting in a fully-informed, peer-reviewed and scientifically-validated integrated 

environmental assessment 

3.CHAPTER 5: FRESHWATER  

Goal and objectives of this chapter 

• To define the freshwater component and their interconnections in the Caucasus ecoregion; 

• To describe and prioritise the pressures on freshwater bodies and how this is related to societal 

drivers, and highlight any important differences within the Caucasus ecoregion; 

• To describe the key status and trends in freshwater in relation to these pressures and how has the 

situation evolved from 1990 to 2020; 

• To describe the key policy responses by governments in the region;  

• To provide a limited number of case studies to illustrate important issues or activities;  

• To supplement the text with relevant tables, graphs or maps where possible, liaising for this purpose 

with the Spatial Data Infrastructure (SDI) focal point for the Caucasus Environmental Outlook 

(yaniss.guigoz@unepgrid.ch)  

Chapter 5 structure and sections is given as follows  

1. Freshwater bodies 

2. Drivers and pressures  

3. State and trends in freshwater bodies 

4. Key policy responses and outlook 

5. References 

3.1 METHODOLOGY of THE REPORT  

Caucasus Environment Outlook 2022 Freshwater Chapter Turkey report was prepared based on the 

outline of the second Caucasus Environment Outlook. 

The Turkey part of Freshwater Chapter is prepared considering goal and objectives of this chapter and 

given structure and sections. 

In section of state and trends freshwater bodies, this study includes database development and 

multidimensional analysis for the basins in the Caucasus Region in Turkey. The report was enhanced 

with the comprehensive data research and detailed spatio-temporal analysis for the region. 

 

mailto:yaniss.guigoz@unepgrid.ch
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4. FRESHWATER BODIES (Turkey) 

 

Figure1. Caucasus Ecoregion. 

The Caucasus Ecoregion shown in Figure 1 includes part of the Eastern Black Sea Basin, Çoruh River 

Basin, and Aras River basins in Turkey 

12 provinces are partially or completely located in Turkey part of the Caucasus Ecoregion. To determine 

the amount of water withdrawn and collect water-related data, the information given about these basins 

and provinces is used.  
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4.1. PRECIPITATION  

 

Figure 2. Long term mean annual precipitation (2011) by basins in Turkey (Karşılı, 2011). 

Long term mean annual precipitation by basins in Turkey is given in Figure 2. As shown in Figure 2, 

Eastern Black Sea Basin precipitation is the highest while Aras River Basin gets the lowest annual 

precipitation among three basins in Turkey part of the Caucasus Ecoregion 

Eastern Black Sea basin, which receives the most rainfall in Turkey and is covered with a dense forest. 
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4.2. MAIN RIVERS   

MAIN RIVERS IN EASTERN BLACK SEA (TÜMAŞ, 2019) 

Harşit Stream: Mean discharge is 232 m3 /s drainage area is 3.280 km² and mean annual flow is 178 

hm³  

Melet River: It is the mainstream of Ordu province and is 161 km long. Mean average average flow rate 

is 29 m³/s 

Fırtına Stream: Firtina Stream is 56 km long and has a drainage area of 798.7 km². and the annual 

average rainfall in the valley is 1,497.6 mm/m². Average flow rate 52.78 m³/s  

Iyidere River: It is a river with 78 km. Length Drainage basin area of Iyidere Stream. It is 834.90 km² 

and its average flow is 28.35 m³/s  

Aksu Stream: With an approximate length of 85 km, Aksu is located on the Giresun Mountains. It has 

a flow rate of 117 m³/s and an annual average flow of 562 hm³. Topographic characteristics of drainage 

basins prevent the formation of a large lake. 

The Çoruh River  

In the Caucasus Ecoregion, the Çoruh River flows in Turkey.  

The Çoruh is a river originating in the Mescit Mountains within the borders of Erzurum province in north-

eastern Turkey. It flows through the cities of Bayburt, Yusufeli, and Artvin along the Kelkit-Çoruh Fault 

and reaches the Black Sea in Georgia (Akpınar et al., 2011).   

Çoruh River's part on the territory of Turkey is 442 km. while the remaining part of the territory of Georgia 

is 24 km (Ünsal, 2012). The river has a basin of 19,872 km³, which corresponds to 2.53% of Turkey's 

land (Ubeyd, 2009). 

With a total length of 431 km, 410 km of Coruh is located in Turkey and 21 km in Georgia. The flow rate 

of Çoruh reaches its peak in May (569/529 m³/sec.). The lowest flow rate throughout the year is 38 m³/s. 

The annual average flow rate is 200 m³/sec, and the annual average water carrying capacity is 6.8 billion 

m³. The river transports 5.8 million m³ of sediment (rubbage) per year to the Black Sea (Ubeyd, 2009). 

About 85% of the total annual flow in Coruh River is concentrated in three months periods from May to 

July (Ubeyd, 2009). 

The Aras River  

The Aras River is the second largest river that flows in the Turkish part of the Caucasus Ecoregion.  

The Aras River originates near Erzurum in Turkey. It flows along the Turkey-Armenia border after 

incorporating the Akuriyan River in the northeast of the Kağızman district. It receives Arpaçay River, 

which is born from Çıldır Lake. After the 11 km Azerbaijan-Turkey corridor, it follows the Azerbaijan 

(Nakhchivan)-Iran border, the Armenia-Iran, and again the Azerbaijan-Iran border. Later, the river flows 

into Azerbaijan and empties into the Kura River near the city of Sabirabad (Aksoy et al., 2012). 

It reaches the Armenian border by flowing through the depressions in the south of the Erzurum-Kars 

plateau. The river flows into the Kura River in Azerbaijan after forming part of the Turkey-Azerbaijan, 

Turkey-Armenia, and Azerbaijan-Iran border. The river, which is 1072 km long and has a basin area of 

102 thousand km2, is one of the largest rivers of the Caucasus. 548 km of the river is within the borders 

of Turkey (Aksoy et al., 2012). The regime of the Aras River is quite irregular. The flow rate, which is up 

to 42.2 m3/s in January, increases very slowly in February and March (Aksoy et al., 2012). 
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4.3. WATER POTENTIAL AND WITHDRAWAL  

 

Figure 3. Mean annual water potential by river basins (Eastern Black Sea, Çoruh, Aras River Basins). 

Source: Strategical Plan of State Hydraulic Works. 2019-2023. Ankara 2018; www.dsi.gov.tr  

 

Figure 4. Groundwater potential by river basins (2015-2016) (Eastern Black Sea, Çoruh, Aras River 

Basins) (DSI, 2016). 
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Figure 5. Groundwater share of domestic water supply in provinces (2008) (TÜİK, 2020; Sarış, 2021). 

As shown in Figure 5, in 12 provinces in the study area, domestic water is generally withdrawn from 

dams and springs. Groundwater is not the main domestic water supply resource. 

 

 

Figure 6.  Water Potential and consumption by Basins in Turkey (Yüksel, 2015). 
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Water potential and consumption by basins in Turkey are given in Figure 6. Water Potential and 

Consumption in the study area includes Eastern Black Sea, Çoruh, and Aras Basins can also be seen 

in the same Figure. 

Total annual utilizable surface water and groundwater potential in the Eastern Black Sea basin is given 

as ~9.361 km3/year (TÜBİTAK-MAM, 2013). This value is extremely higher than the current water 

consumption given in Figure 6. This situation is similar in Aras and Coruh River Basins.  

Freshwater is mostly withdrawn for irrigation and drinking purpose in the study area. While the 

population provided with drinking water in the project area was 2 730980 in 2000, it increased to 3 

233696 in 2020 (%15). The annual amount of water withdrawn has increased 25% as of 235.91 million 

m3 to 311.64 million m3 (TÜİK, 2016). 

92 174 ha of agricultural land was irrigated in the study area in 2020, and a total of 737.3 million3 of 

water is drawn annually for this purpose (State of Environment Reports by Provinces, 2020).  

Agricultural share of total use is higher than that of domestic and industrial share. The industrial sector 

used the least amount water in study area. 

Water loses in irrigation and domestic water supply systems (%35-45 of total withdrawal) are high in the 

study area.  

 

Figure 7. Annual water potential per capita by basin in Turkey based on Falkenmark Water Stress 

Index (Karşılı, 2011). 

As shown in Figure 7, Annual water potential per capita is about 2500 m3 in the study area.  
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5. DRIVERS AND PRESSURES  

LARGE DAMS and HEPP IN CAUCASUS ECOREGION IN TURKEY  

There are 201 HEPP in the region in operation with a total installed capacity of 8317 MW (DSİ, 2016). 

Most of them are small HEPP without reservoirs, with an installed capacity smaller than 50 MW. Most 

of them were constructed between 2007 and 2020 (DSİ, 2016).   

There are 17 large dams completed in the study area since 2000 with maximum reservoir volume of 

3815 hm3 and 130 km2 reservoir area at the maximum water level (Wikipedia, 2021). 

POLLUTION  

Agricultural and domestic water pollution can be considered as the main driver affecting the freshwater 

bodies in the Caucasus ecoregion.in Turkey. But in the study area, effective measures have been taken 

to avoid water contamination since 2000. 

As of 2020, 6 of 12 provinces have their own Domestic Wastewater Treatment Plant in operation. In 5 

cities Domestic Wastewater Treatment Plants are in project stage. Two-third of the population live in the 

study area receives wastewater treatment services (Source: 6.th State of Environment Reports of 

Turkey). 

The largest sources of point source pollution are municipal wastewater.in the region. Especially in Aras 

River Basin, agricultural drainage waters also create diffused source of pollution  

 

Figure 8. Surface Water and Lake’s Water Quality in Turkey (2016) (Çankaya, 2017). 
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Turkish Regulations Water Quality Classes (2015) (Turkish Regulations, 2015) can be identified as 

follows. 

I. Class (Very Clean) 

II. Class (Less Polluted) 

III. Class (Much Polluted) 

IV. Class (Extremely Polluted) 

As shown in Figure 7, in the study area, surface water quality especially in rivers flow to Black Sea is 

class 1 while other rivers water inner part of the region is generally class 2. Class 3 water and Class 4 

water can also be seen in Aras River Basin. Lakes water quality seems to be generally mesotrophic in 

the region. 

THE MAIN DRIVER AFFECTING THE FRESHWATER BODIES 

Irrigated agriculture water uses in Eastern Black Sea Basin and Çoruh Basin are very low.  But 

agricultural  and Livestok  development can be taken into account as the main driver may affect the 

freshwater bodies in Aras River Basin in Turkey part of Caucasus Ecoregion.. 

 

 

Figure 8.1 .Population Growth Rate (TUİK 2019)  

Turkey part of Caucasus Ecoregion. has the least  populated cities in Turkey  except for  some cities in 

the Eastern Black Sea Basin part.  As shown in figure 8.1 ,In the study area ,population growth rate  is 

lower than that of other part of Turkey.  

Internal migration rate  is high in the region. Therefore population growth rate is in a decreasing trend 

and  not a  significant driving force among  water management  activities that may create a significant  

impact on freshwater bodies. 
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MAIN PRESSSURES AFFECTING THE FRESHWATER BODIES  

Contamination from agricultural drenage water  and Livestok ,domestic wastewater and inefficient 

flooded irrigation method   can be taken into account as the main  pressures may affect the freshwater 

bodies in  especially Aras River Basin in Turkey  part of Caucasus Ecoregion. 

Climate change effects on freshawater bodies will be explained   following chapters  
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6. STATE AND TRENDS IN FRESHWATER BODIES  

METHODOLOGY FOR THE PART 6 

Caucasus Environment Outlook 2022 Freshwater Chapter Turkey report was prepared based on the 

database development and multidimensional analysis for the basins in the Caucasus Region in Turkey. 

The report was enhanced with the comprehensive data research and detailed spatio-temporal analysis 

for the region (Figure 9). 

   

Figure 9. The framework of this study. 
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Database Development 

The datasets of this study were given in Table 1 with the details. 

Table 1. The datasets of this report. 

Database Datasets 
Temporal 
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Spatial 

Resolution 
Source 
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Table 1. The datasets of this report. 

Database Datasets 
Temporal 

Coverage 

Spatial 

Resolution 
Source 

Data 

Format 

Dates of 

the Maps 

WRI 

Agricultural 

Exposure to 

Water Stress 

2013 based 
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period 

- 
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ERA5-Land monthly averaged data from 1981 to present  

 

Surface Runoff, Total Precipitation, Potential Evaporation and Temperature in the Basins of 

Caucasus Region in Turkey 

The data of surface runoff (SRO), total precipitation (TP), potential evaporation (PEV) and temperature 

(2m temperature – T) were attained from ERA5-Land is a global land-surface dataset at 9 km resolution, 

consistent with atmospheric data from the ERA5 reanalysis from 1950 onward. The first batch of ERA5-

Land data (1981-present) is now available from the Climate Data Store. ERA5-Land back extension 

(1950-1980) is in preparation and planned for public release in 2020/2021. In addition to this, daily 

updates 5 days behind real time are expected to be made available in late 2020. ERA5-Land initial 

release data is called ERA5T-Land (CCCS, 2021; Munoz-Sabater, 2021). 

ERA5-Land is a reanalysis dataset providing a consistent view of the evolution of land variables over 

several decades at an enhanced resolution compared to ERA5. ERA5-Land has been produced by 

replaying the land component of the ECMWF ERA5 climate reanalysis. Reanalysis combines model 

data with observations from across the world into a globally complete and consistent dataset using the 

laws of physics. Reanalysis produces data that goes several decades back in time, providing an 

accurate description of the climate of the past. ERA5-Land provides a consistent view of the water and 

energy cycles at surface level during several decades. When complete, ERA5-Land will contain a 

detailed record from 1950 onwards, with a temporal resolution of 1 hour. The native spatial resolution 

of the ERA5-Land reanalysis dataset is 9km on a reduced Gaussian grid (TCo1279). The data in the 
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CDS has been regridded to a regular lat-lon grid of 0.1x0.1 degrees. The data presented here is a post-

processed subset of the full ERA5-Land dataset. Monthly-mean averages have been pre-calculated to 

facilitate many applications requiring easy and fast access to the data, when sub-monthly fields are not 

required (CDS, 2021). 

Surface Runoff (in ERA-5) - SRO 

Some water from rainfall, melting snow, or deep in the soil, stays stored in the soil. Otherwise, the water 

drains away, either over the surface (surface runoff), or under the ground (sub-surface runoff) and the 

sum of these two is simply called 'runoff'. This variable is the total amount of water accumulated from 

the beginning of the forecast time to the end of the forecast step. The units of runoff are depth in metres. 

This is the depth the water would have if it were spread evenly over the grid box. Care should be taken 

when comparing model variables with observations, because observations are often local to a particular 

point rather than averaged over a grid square area. Observations are also often taken in different units, 

such as mm/day, rather than the accumulated metres produced here. Runoff is a measure of the 

availability of water in the soil, and can, for example, be used as an indicator of drought or flood (CCCS, 

2021).  

Total Precipitation (in ERA-5) - TP 

Accumulated liquid and frozen water, including rain and snow, that falls to the Earth's surface. It is the 

sum of large-scale precipitation (that precipitation which is generated by large-scale weather patterns, 

such as troughs and cold fronts) and convective precipitation (generated by convection which occurs 

when air at lower levels in the atmosphere is warmer and less dense than the air above, so it rises). 

Precipitation variables do not include fog, dew or the precipitation that evaporates in the atmosphere 

before it lands at the surface of the Earth. This variable is accumulated from the beginning of the forecast 

time to the end of the forecast step. The units of precipitation are depth in metres. It is the depth the 

water would have if it were spread evenly over the grid box. Care should be taken when comparing 

model variables with observations, because observations are often local to a particular point in space 

and time, rather than representing averages over a model grid box and model time step (CCCS, 2021). 

Potential Evaporation (in ERA-5) - PEV 

Potential evaporation (PEV) in the current ECMWF model is computed, by making a second call to the 

surface energy balance routine with the vegetation variables set to "crops/mixed farming" and assuming 

no stress from soil moisture. In other words, evaporation is computed for agricultural land as if it is well 

watered and assuming that the atmosphere is not affected by this artificial surface condition. The latter 

may not always be realistic. Although PEV is meant to provide an estimate of irrigation requirements, 

the method can give unrealistic results in arid conditions due to too strong evaporation forced by dry air. 

This variable is accumulated from the beginning of the forecast time to the end of the forecast step 

(CCCS, 2021). 

The monthly evaporation rate can be positive or negative to account for the difference between 

evaporation and precipitation on the reservoir surface. A positive (negative) net evaporation represents 

a net loss from (gain to) the reservoir (WEAP, 2021). 

Evaporation is normally negative due to the convention for fluxes. The meteorological convention for all 

vertical fluxes is that downwards is positive. Positive evaporation represents condensation (ECMWF, 

2021). 

Negative net PET values occurred whenever rain exceeded PET and the moisture content of the soil 

increased (Wilcox, 1976). 
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Temperature (2m Temperature) (in ERA-5) - T 

Temperature of air at 2m above the surface of land, sea or in-land waters. 2m temperature is calculated 

by interpolating between the lowest model level and the Earth's surface, taking account of the 

atmospheric conditions (CCCS, 2021).  

Analysis for the Basins of the Study Area: 

The project was employed for the study area including the Turkish part of the Caucasus Region. The 

indicators as SRO, TP, PEV and T were presented via multidimensional analysis in ArcGIS pro 2.8. For 

the basins of the study area (Figure 10), change of these indicators was given with the maps for 2000 

and 2020 between Figure 11 and Fig 14. Multidimensional change of the indicators was also given from 

2000 to 2020 between Figure 15 and Figure 33. 
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Figure 10. The basins of the Caucasus Ecoregion in Turkey (Source: https://www.caucasus-mt.net/SDI). The number of the basins are based on the Global Drainage Basin 

Database (GDBD-ID)). 

 

 

https://www.caucasus-mt.net/SDI


 

 

 

Figure 11. SRO values for 2000 and 2020 in the study area. 
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Figure 12. TP values for 2000 and 2020 in the study area. 
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Figure 13. PEV values for 2000 and 2020 in the study area. 



Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

3 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

 

 

Figure 14. T values for 2000 and 2020 in the study area. 
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Figure 15. Multidimensional analysis between 2000 and 2020 for Basin-47022. 

 

Figure 16. Multidimensional analysis between 2000 and 2020 for Basin-43657. 
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Figure 17. Multidimensional analysis between 2000 and 2020 for Basin-47023. 

 

Figure 18. Multidimensional analysis between 2000 and 2020 for Basin-43708. 
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Figure 19. Multidimensional analysis between 2000 and 2020 for Basin-47024. 

 

Figure 20. Multidimensional analysis between 2000 and 2020 for Basin-43612. 
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Figure 21. Multidimensional analysis between 2000 and 2020 for Basin-47025. 

 

Figure 22. Multidimensional analysis between 2000 and 2020 for Basin-43429. 
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Figure 23. Multidimensional analysis between 2000 and 2020 for Basin-43573. 

 

Figure 24. Multidimensional analysis between 2000 and 2020 for Basin-47026. 
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Figure 25. Multidimensional analysis between 2000 and 2020 for Basin-43525. 

 

Figure 26. Multidimensional analysis between 2000 and 2020 for Basin-47027. 

 



Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

10 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

 

Figure 27. Multidimensional analysis between 2000 and 2020 for Basin-43472. 

 

Figure 28. Multidimensional analysis between 2000 and 2020 for Basin-43810. 
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Figure 29. Multidimensional analysis between 2000 and 2020 for Basin-44834. 

 

Figure 30. Multidimensional analysis between 2000 and 2020 for Basin-43639. 
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Figure 31. Multidimensional analysis between 2000 and 2020 for Basin-43658. 

 

Figure 32. Multidimensional analysis between 2000 and 2020 for Basin-43762. 
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Figure 33. Multidimensional analysis between 2000 and 2020 for Basin-43845. 

Copernicus Global Land Service 

 

Lake Water Quality (LWQ) 

The Copernicus Global Land Service – Lake Water provides optical and temperature observations of 

global inland water bodies that are either the largest or most strategic for monitoring. The set of water 

bodies that are included in the observations consist for the largest part of natural lakes and further 

includes reservoirs, enclosed lagoons and some wide river sections.  The products contain four (sets 

of) parameters:  lake water surface temperature, lake water reflectance (all wavebands that are available 

after atmospheric correction), turbidity (derived from total suspended matter (TSM) estimates) and a 

trophic state index (derived from phytoplankton biomass by proxy of chlorophyll-a). This document 

describes the latter three products, including > 4000 inland waterbodies using versions 1.3.0 to 1.4.0 of 

the processing chain.  Production and delivery of the parameters are over set 10-day intervals (starting 
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the 1st, 11th and 21st day of each month) and mapped to a common global spatial grid at nominally 

300m (~0.0022°) resolution.  The input products are Envisat MERIS and Sentinel-3 OLCI L1b data.    

The algorithms used to derive the input for the optical lake water products are implemented in the 

Calimnos processing chain and were tuned and validated against 13 predefined optical water types 

(OWT) in the NERC (UK) GloboLakes project (Stelzer et al., 2020). 

LWQ multidimensional datasets include two parts, 

• For May 2016 – present and 

• For May 2002 - March 2012.  

For this report, 2002 (11.05) data were downloaded to map. In order to show the current condition, 2020 

data (01.01) were also obtained. In these two multidimensional data, there are several bands, which are 

given in Table 2. 

Table 2. Specification of the bands of the Lake Water Product (Stelzer et. al., 2020). 
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In the Caucasus Region in Turkey, only num_obs (number of observations) band was mapped only for 

2020 (in Fig 27) because there is no information about other bands in Table 2. Besides, the bands have 

no data about study area for 2000. Fig 27 shows that there is lack of information about lake water quality 

in Copernicus Global Land Service because there is no lake significantly in the study area. 
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Figure 34. For LWQ, number of observations map (2020). 

Joint Research Centre 

Global Surface Water 

 

The European Commission Joint Research Centre 'Global Surface Water Datasets' contain maps of the 

location and temporal distribution of surface water from 1984 to 2019 and provides statistics on the 

extent and change of those water surfaces. For more information see the associated journal article: 

High-resolution mapping of global surface water and its long-term changes (Nature, 2016) and the online 

Data Users Guide. These data were generated using 4,453,989 scenes from Landsat 5, 7 and 8 

acquired between 16 March 1984 and December 2020. Each pixel was individually classified into water 

/ non-water using an expert system and the results were collated into a monthly history for the entire 

time period and two epochs (1984-1999, 2000-2020) for change detection. To view all the datasets in 

context see the Global Surface Water Explorer (Pekel et al., 2016; ArcGIS, 2021). 

Change in water occurrence intensity between two epochs (16 March 1984 to 31 December 1999, and 

1 January 2000 to December 2020) was also produced. This is derived from homologous pairs of months 

(that is, the same months contain valid observations in both epochs). The occurrence difference 

between epochs was computed for each pair and differences between all homologous pairs of months 

were then averaged to create the surface water occurrence change intensity map. Areas where there 

are no pairs of homologue months could not be mapped. The averaging of the monthly processing 

mitigates variations in data distribution over time (that is, both seasonal variation in the distribution of 

valid observations, temporal depth and frequency of observations through the archive) and provides a 
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consistent estimation of the water occurrence change. An example of the Occurrence Change Intensity 

dataset is shown below for the Brahmaputra River. Increases in water occurrence are shown in green 

and decreases are shown in red. Black areas are those areas where there is no significant change in 

the water occurrence during the 1984 -2015 period. The intensity of the color represents the degree of 

change (as a percentage). For example, bright red areas show greater loss of water than light red areas. 

Some areas appear grey in the maps, these are locations where there is insufficient data to compute 

meaningful change statistics (ArcGIS, 2021). The change in water occurrence intensity was mapped for 

the study area and shown in Figure 35. 

 

Figure 35. The change in water occurrence intensity (1984-2020). 

World Resources Institute (WRI) – Aqueduct 

 

Seasonal Variability (SV) 

Seasonal variability indicator measures the average within-year variability of available water supply, 

including both renewable surface and groundwater supplies. Higher values indicate wider variations of 

available supply within a year. The data of annual seasonal variability were obtained from the Aqueduct 

database of World Resources Institute (Hofste et al., 2019).  
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Aqueduct identifies the seasonal variability as physical risk quantity in overall water risk evaluations. For 

Aqueduct database, seasonal variability is calculated using the available water time series from the 

default PCR-GLOBWB (PCRaster Global Water Balance). First, the available water per month, per sub 

basin, is calculated over the entire time series 1960–2014 (55 years). The annual baseline (2019) data 

were calculated based on the reference period between 1960-2014 (WRI-Aqueduct, 2021). In Figure 

36, the seasonal variability in the study area was given based on the reference period. 

 

Figure 36. SV values based on the reference period. 

Groundwater Table Decline (GTD) 

Groundwater table decline measures the average decline of the groundwater table as the average 

change for the period of study (1990–2014). The result is expressed in centimetres per year (cm/yr). 

Higher values indicate higher levels of unsustainable groundwater withdrawals (Hofste et al., 2019). 

Groundwater table decline is calculated using the ground-water heads time series from the PCR-

GLOBWB 2 run coupled with MODFLOW to account for lateral groundwater flow processes. This 

indicator is based on the gridded14 monthly groundwater heads between January 1990 and December 

2014 (Hofste et al., 2019). 

The groundwater aquifers contain several geomorphological features, which for practical reasons can 

be divided into sedimentary basins and mountain ranges. In mountainous areas, most materials are 

hard rock and eventually weathered. In the PCR-GLOBWB 2 model coupled with MODFLOW, very deep 

groundwater influences the averages in mountainous cells and is not representative. These cells are 

therefore discarded from the calculations following the method in de Graaf et al. (2015) (Hofste et al., 

2019). 

Mountainous areas are determined by comparing the height of the floodplain within a cell with the 

average elevation of that same cell. The elevation of the floodplain is derived from the 30 × 30 arc 

second digital elevation data from HydroSheds (Lehner et al. 2008).  The flood plain elevation is simply 

the minimum of the input (Hofste et al., 2019). For the study area, the map of GTD was given in Figure 

37. 
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Figure 37. GTD values based on the reference period. 

Baseline Water Depletion (BWD) 

Baseline water depletion measures the ratio of total water consumption to available renewable water 

supplies. Total water consumption includes domestic, industrial, irrigation, and livestock consumptive 

uses.  Available renewable water supplies include the impact of upstream consumptive water users and 

large dams on downstream water availability. Higher values indicate larger impact on the local water 

supply and decreased water availability for downstream users (Hofste et al., 2019; WRI-Aqueduct, 

2021). The BWD map for 2019 was generated based on the reference period 1960-2014 and shown in 

Figure 38. 

 

Figure 38. BWD values based on the reference period. 
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World Resources Institute 

 

Agricultural Exposure to Water Stress (AEtoWS) 

This map of baseline water stress in major crop producing areas was created by WRI's Aqueduct 

program as part of the Water Risk Atlas, an online mapping tool that displays various aspects of water-

related risks. The map displays the major crop producing areas for 13 major commodity crops (cocoa, 

coffee, cotton, maize, oats, oil palm, oranges, canola, rice, rubber, soybeans, sugarcane, and wheat) 

and 9 crop groups (cereals, fiber crops, fodder crops, fruits, oil crops, legumes, roots and tubers, sugar 

crops, and tree nuts), and the levels of water stress (low, low to medium, medium to high, high, and 

extremely high) experienced in these major crop-producing areas. Baseline water stress refers to the 

annual water withdrawals (municipal, industrial, and agricultural) expressed as a percentage of the total 

annual available flow. Higher values indicate more competition among users. Arid areas with low water 

use are shown in gray but scored as high stress when calculating aggregated scores. Baseline water 

stress is calculated by dividing water withdrawals (2010) by mean available blue water (1950-2008). 

Areas with available blue water and water withdrawal less than 0.03 and 0.012/m2 respectively are 

coded as “arid and low water use." Crop production in each category is computed by overlaying gridded 

crop production data, which was pulled from 2 articles in Global Biogeochemical Cycle (2008), "Farming 

the Planet: 1. Geographic Distribution of Global Agricultural Lands in the Year 2000" and "Farming the 

Planet: 2. Geographic Distribution of Crop Areas, Yields, Physiological Types, and Net Primary 

Production in the Year 2000." The authors of these studies identified croplands and crop production 

using a high-resolution satellite-derived land cover data set and agricultural inventory data to derive a 

global map of croplands (WRI, 2013; Resource Watch, 2021). The map of the agricultural exposure to 

water stress was shown in Figure 39. 



Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

21 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

 

Figure 39. AEtoWS classifications not only for the study area, but also for the eastern part of Turkey. 

In Table 3, the suggested databases by the “Caucasus Environmental Outlook 2022 Freshwater Chapter 

Elaboration” draft were shown. In this report some of these databases were utilized; however, all these 

datasets are not suitable for the study area in Turkey. The utilization status of these databases was 

expressed in Table 3. 

Table 3. Suggestions by Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration. 

# Idea 

Type 
(Table, 
Graph, 
Map) 

Relevance 
to 

subsectio
n 

Purpose 
Data sources (suggested by Caucasus 

Environmental Outlook 2022 Freshwater Chapter 
Elaboration) 

Utilization 
Status 

1 

Annual 
freshwater 

withdrawals from 
surface and 
underground 

water reservoirs  

Map  
 

Identify the 
needs and 
evolution 

of 
freshwater 
resources  

Statistical institutes (Azerbaijan, Russia, Turkey, 
Armenia) 

Վիճակագրական ինստիտուտներ 
USED 

2 
Lake water 

quality  
Map 

Freshwater 
body state 

Assess the 
state of 
water 
quality 

Copernicus land services  
https://land.copernicus.eu/global/products/lwq 

USED, BUT 
ONLY FOR 
2020. THERE 
RE LACK OF 
INFORMATIO
N 

3 
Lake and rivers 

water levels  
Map 

Freshwater 
bodies 
state  

Assess the 
level of 

rivers and 
lakes and 
availability 

of the 
surface 
water 

resource 

Copernicus land services 
https://land.copernicus.eu/global/products/wl 

LAKE WATER 
LEVELS 
COULD NOT 
BE 
EVALUATED 
BECAUSE 
THERE ARE 
NO LAKES IN 
THE STUDY 
AREA 
ACCORDING 
TO 

https://land.copernicus.eu/global/products/lwq
https://land.copernicus.eu/global/products/wl


Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

22 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

Table 3. Suggestions by Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration. 

# Idea 

Type 
(Table, 
Graph, 
Map) 

Relevance 
to 

subsectio
n 

Purpose 
Data sources (suggested by Caucasus 

Environmental Outlook 2022 Freshwater Chapter 
Elaboration) 

Utilization 
Status 

DATABASE 
(ONLY 
SAMSAK AND 
VAN LAKE 
EXIST) 

4 

Water 
occurrence 

change intensity 
(2000-2019)  

Map 
Freshwater 

state 

Water 
Occurrenc
e Change 
Intensity 
product 
shows 
where 

surface 
water 

occurrence 
increased, 
decreased 

or 
remained 
invariant 
between 
1984 and 

2019. 

European Commission 
https://global-surface-water.appspot.com/download 

USED 

5 

Glacier 
distribution data 
from Randolph 

Glacier inventory 
for 2000 

Maps/char
t 

Glacial 
area state 

Assess the 
cryosphere 
state in the 
Ecoregion 
since the 
2000’s 

Copernicus 
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insit

u-glaciers-extent?tab=overview 
 

6 

Glacier elevation 
and mass 

change data from 
1850 to present 

Map 
Glacial 

area state 

Assess the 
cryosphere 
state in the 
Ecoregion 
on a long 

term 

Copernicus 
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insit

u-glaciers-elevation-mass?tab=overview  

 

7 
Irrigation/ոռոգու

մ 
Chart per 
country 

Pressure 
on 

freshwater 

Pressure 
from the 

agricultural 
sector on 

water 

FAO Aquastat 
http://www.fao.org/aquastat/en/geospatial-

information/global-maps-irrigated-areas/latest-version 

ANOTHER 
DATABASE 

USED 

 

 

 

 

 

 

 

 

 

 

 

 

https://global-surface-water.appspot.com/download
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-glaciers-extent?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-glaciers-extent?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-glaciers-elevation-mass?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-glaciers-elevation-mass?tab=overview
http://www.fao.org/aquastat/en/geospatial-information/global-maps-irrigated-areas/latest-version
http://www.fao.org/aquastat/en/geospatial-information/global-maps-irrigated-areas/latest-version
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7. KEY POLICY RESPONSES AND OUTLOOK 

7.1. Protected Areas  

There are several nature conservation sites and one Ramsar site in study area (Table 4). 

Table 4. Nature Conservation Sites in Study Area (Source: Republic of Turkey Ministry of Agriculture 

and Forestry General Directorate of Nature Conservation and National Parks, 2021). 

Nature Conservation Sites in Study Area (2021) Number Area (km2) 

Ramsar Site 1 4,16 

National Park 8 1068,75 

Natural Park 38 175,69 

Wetlands 11 999,49 

Natural Life Development Area 3 327,24 

Nature Conservation Area 4 19,40 

Special Environmental Protection Zone 1 1491,2 

 

Figure 40. Nature Conservation Sites in Turkey (2016) (ArcGIS, 2016). 
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As it can be seen in Figure 40, study area contains a large number of protected areas.in 2021. There 

are 38 Natural Parks with a total area of 1068,75 km2 and about 1000 km2 wetlands. There is one 

Ramsar Site with a total area of  4,16 km2  

 

8. Additional data required  for CEO 2022 
1.The main glaciers of Turkey part of ecoregion: a total area, water resource reserve of glaciers.  

 

The main glacier of Turkey part of ecoregion is  Mount Agri Glacier .Mount Agri were digitized  for 1990, 

1994, 2000 and 2016: in 26 years considered the glacier shows a retreat of 2.99 km2, − 29% of the 

initial value, showing a reduction rate dramatically higher than the main glacierized mountain ranges of 

the world(Azzoni 2020)  

 

Recently, Oguz Simsek, an associate professor at the Department of Geography in Igdir University, 
told Anadolu Agency that  

“Agri Mount glacier with an area of 10.2 square kilometers (4 square miles) on the summit of the 
mountain extends from the south to Okuz (ox) Stream in Dogubayazit district of Agri province, and 
from the north to the Cehennem (Hell) Valley in the Aralik district of Igdir province.”(Bülent Mavzer 
2021). Simsek noted the glacial meltdowns occurring especially in Okuz Stream on the south-facing 
side of Mt. Agri are clearly visible. 

 

  Figure 1. Multi-temporal glacier change for three dates over 36 years for Mt Ağrı, elevation 5137 m, 
the largest glacier in Turkey. The background image is a 2000 Landsat TM image using bands three, 
two, and one as red-green-blue colors with one arc second ASTER digital elevation data incorporated 
into the image as contours. The majority of the glacier recession from 1977 to 2013 occurred at lower 
elevations with western, southern, and eastern aspects. MSS data were used for 1977, ETM+ data 
were used for 2000, and ASTER data were used for 2013.(Yavaşlı 2015). 
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Another expert, studies on glaciers in Turkey ,Dr Yavaşlı  independently determined the Mt. Ağrı glacier 
had a surface area of 8.9 km2 using MSS data from 1977. (Yavaşlı 2015).In his study he stressed that 
additional TM and ETM+ data found the Mt. Ağrı glacier area in 2004 had decreased further to 6.3 km2 
, decreased in 2006 to 6.0 km2 , further decreased in 2007 to 5.6 km2 , and continued its decrease to 
5.3 km2 in 2012–2013 as measured by ASTER data. 

There is a strong aspect and elevation component to the 1977 to 2013 glacier loss on Mt. Ağrı, with 
minimal loss occurring on the northern aspects of the glacier and maximum loss taking place on the 
southern, western, and eastern glacier aspects, all at lower elevations. In addition, from 1977 to 2013 
significant fragmentation occurred at lower glacier elevations, with many glacier areas becoming isolated 
from the contiguous body of the glacier on the southern and southeastern aspects of Mt. Ağrı (Fig. 1). 

Water resources reserve of glaciers data is not available. This glacier doesn’t feed main water 
resources in the region.  

Sources : 

Azzoni, R.S., Sarıkaya, M.A. & Fugazza, D. Turkish glacier inventory and classification from high-

resolution satellite data. Med. Geosc. Rev. 2, 153–162 (2020). https://doi.org/10.1007/s42990-020-

00029-2 

 

Bülent Mavzer 2021 Glaciers on Turkey's highest mountain melting due to climate change  24 August 

2021 https://www.aa.com.tr/en/environment/glaciers-on-turkeys-highest-mountain-melting-due-to-

climate-change/2344586 

 

Yavaşlı, D.D., et al., Change in the glacier extent in Turkey during the Landsat Era, Remote Sensing of 

Environment (2015), http://dx.doi.org/10.1016/j.rse.2015.03.002 

https://geog.umd.edu/sites/geog.umd.edu/files/pubs/Change%20in%20the%20glacier%20extent%20in

%20Turkey%20during%20the%20Landsat%20Era.pdf 

 

 

2.Lakes in this region 
In Turkey part of the Caucasus Ecoregion have 35 large lakes with 198 km2 of total lake surface  area  
 
3.Underground water bodies 
                    Groundwater Resources of Caucasus Ecoregion 

 

Country 

 

Area, 

km2 

Total, per 

year 

mln.m3 

Spring flowa 

mln.m3/year 

Drainage 

flowb 

mln.m3/year 

Deep flowc 

mln.m3/year 

Armenia  24035  4,017.0 1,594.1 1,434.2 988.9 

Azerbaijan      

Georgia      

Iran      

Russia      

Turkey 65835 

km2 
(Basin 

catchment 

area)   

805 

million m3  

   

a Spring flow is artesian groundwater discharge. These values are based on field 
hydrogeological studies. 
b. Drainage flow is base flow from shallow groundwater aquifers and is based on 
measurements in different river sections when there has been no precipitation. 
c. Deep flow is calculated from the water balance. 

https://doi.org/10.1007/s42990-020-00029-2
https://doi.org/10.1007/s42990-020-00029-2
https://www.aa.com.tr/en/environment/glaciers-on-turkeys-highest-mountain-melting-due-to-climate-change/2344586
https://www.aa.com.tr/en/environment/glaciers-on-turkeys-highest-mountain-melting-due-to-climate-change/2344586
http://dx.doi.org/10.1016/j.rse.2015.03.002
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SOURCE : https://water.fanack.com/turkey/turkey-surface-water-groundwater/ 

 

4.Annual balance of renewable water resources (2000/2020) 

Country Precipitation 

Km³ 

Evaporation 

Km³ 

Total 

internal flow,  

Km³ 

Total inflow 

Km³ 

Renewable 

freshwater 

resources Km³ 

Armenia 11․3/16․0 9․0/11․3 2.2/4․4.8 0.6/0.9 2.9/5.7 

Azerbaijan 
     

Georgia 
     

Iran 
     

Russia 
     

Turkey 
45,8/49,8          22 /24   23,8 /25,83        1,8 /2,9        25,6/28,7 

km3 

 
 
 
 

Source : https://mgm.gov.tr/veridegerlendirme/yillik-toplam-yagis-
verileri.aspxhttp://212.174.109.9/veridegerlendirme/yillik-toplam-yagis-verileri.aspx?m=KARS#sfB 
 
Source : TÜRKİYE ALANSAL YAĞIŞ ANALİZİ 1971-2010 
 
 
 
 
 
 
 
 
 
5.Total projected river flow change in Caucasus Ecoregion under the climate change  

 

Country 
 
 

Scenarios/ 
Change in the flow mln.m³/% 

Baseline 2030 2070 2100 

Armenia 4994.4 4660.9/-6.7 4269.9/-14.5 3777.6/-24.4 

Azerbaijan     

Georgia  11․9  37․8 

Iran     

Russia     

Turkey 25677 23230 /  -9,5 
(2040) 

23145/ -10 20480 /-20,2 

     

 
Source : T.C. ORMAN VE SU İŞLERİ BAKANLIĞI SU YÖNETİMİ GENEL MÜDÜRLÜĞÜ İKLİM 
DEĞİŞİKLİĞİNİN SU KAYNAKLARINA ETKİSİ PROJESİ Proje Nihai Raporu Haziran 2016  

https://mgm.gov.tr/veridegerlendirme/yillik-toplam-yagis-verileri.aspx
https://mgm.gov.tr/veridegerlendirme/yillik-toplam-yagis-verileri.aspx
http://212.174.109.9/veridegerlendirme/yillik-toplam-yagis-verileri.aspx?m=KARS#sfB
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6.Annual water uses for the major purposes in 2020   

 

Country Irrigation Industry Water supply Other 
tipes of 
activity 

Total 

Mln.m3/% 

Armenia 1.067.0/49 103.8/5 238.7/11 766․8/35* 2.176.3/100 

Azerbaijan 72% 24% 3%   

Georgia      

Iran      

Russia      

Turkey 737,3 (%18) 39,6 (% 0,1) 3.332 (%82) - 4108,9(**) 

 
Source : T.C. ORMAN VE SU İŞLERİ BAKANLIĞI SU YÖNETİMİ GENEL MÜDÜRLÜĞÜ İKLİM 
DEĞİŞİKLİĞİNİN SU KAYNAKLARINA ETKİSİ PROJESİ Proje Nihai Raporu Haziran 2016  
 
(**) This value represents total withdrawn water .Water consumption is about half of this value 
because of domestic water supply and  irrigation network loss) 

 

 

9. REFERENCES AND DATASETS’ SOURCES 

6.th State of Environment Reports of Turkey. 6. Türkiye Çevre Durum Raporu Çevre ve Şehircilik 

Bakanlığı Çevresel Etki Değerlendirmesi İzin ve Denetim Genel Müdürlüğü. Yayin No: 48 ANKARA. 

Akpinar, A. et al., 2011. Development of hydropower energy in Turkey: The case of Coruh river basin. 

Renewable & Sustainable Energy Reviews, vol.15, no.2, pp.1201-1209. 

Aksoy, Y., Savaş, D., Dursun, S., 2012. Iğdır İlinin Mekansal Analiz Raporu. Iğdır: Iğdır Çevre Ve 

Şehircilik İl Müdürlüğü. s. 35. 

ArcGIS, 2016. Doğa Koruma ve Milli Parklar. 

https://www.arcgis.com/apps/View/index.html?appid=5f3978146c4643438ab446620e275269. Access: 

12 09 2021.  

DATASET: ArcGIS, 2021. Global Surface Water Occurrence Change Intensity 1984-2020 (EC Joint 

Research Centre/Google), 

https://www.arcgis.com/home/item.html?id=c13568debe434824bd895000d5bdaa35. Access Date 

05.09.2021. 

DATASET: Climate Data Service, 2021. ERA5-Land monthly averaged data from 1981 to present, 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-land-monthly-

means?tab=overview, Access Date 30.08.2021. 

DATASET: Copernicus Climate Change Service (CCCS), 2021. Climate reanalysis, 

“https://climate.copernicus.eu/climate-reanalysis”, Access Date 05.09.2021. 

https://www.arcgis.com/apps/View/index.html?appid=5f3978146c4643438ab446620e275269
https://www.arcgis.com/home/item.html?id=c13568debe434824bd895000d5bdaa35


Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

28 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

Çankaya F.B., 2017. Türkiye’de Havza Bazlı Su Kaynakları Yönetimi. Sağlıklı Kentler Birliği havza 

Planlama ve Yönetimi Sempozyumu 21. Aralık 2017. Su Yönetimi Genel Müdürlüğü Ankara Available 

at: https://www.skb.gov.tr/wp-content/uploads/2017/12/BURHAN-FUAT-CANKAYA.pdf Access: 10 

Sept 2021. 

de Graaf, I., E. Sutanudjaja, L. Van Beek, and M. Bierkens. 2015. “A High-Resolution Global-Scale 

Groundwater Model.” Hydrology and Earth System Sciences 19 (2): 823–37. 

DSİ, 2016.  DSİ 2016 Yılı Resmi Su Kaynakları İstatistikleri. Available at: 

https://www.dsi.gov.tr/Sayfa/Detay/1009  Access : 12 09 2021. 

ECMWF, 2021. How can evaporation have both positive and negative values? 

https://confluence.ecmwf.int/pages/viewpage.action?pageId=111155327. Access Date: 08.09.2021. 

Jean-Francois Pekel, Andrew Cottam, Noel Gorelick, Alan S. Belward, High-resolution mapping of 

global surface water and its long-term changes. Nature 540, 418-422 (2016). 

(doi:10.1038/nature20584). 

Karşılı, C., 2011.   Türkiye'de Akarsu Havzalarında Kişi Başına Düşen Su Miktarının Coğrafi Bilgi 

Sistemleriyle Analizi. Yüksek Lisans Tezi. Ankara Üniversitesi Sosyal Bilimler Enstitüsü Coğrafya (Fiziki 

Coğrafya) Anabilim Dalı. ANKARA. 

Lehner, B., K. Verdin, and A. Jarvis. 2008. “New Global Hydrography Derived from Spaceborne 

Elevation Data.” Eos, Transactions, American Geophysical Union 89 (10): 93. 

doi:10.1029/2008EO100001 

Muñoz-Sabater, J., Dutra, E., Agustí-Panareda, A., Albergel, C., Arduini, G., Balsamo, G., Boussetta, 

S., Choulga, M., Harrigan, S., Hersbach, H., Martens, B., Miralles, D. G., Piles, M., Rodríguez-

Fernández, N. J., Zsoter, E., Buontempo, C., and Thépaut, J.-N.: ERA5-Land: A state-of-the-art global 

reanalysis dataset for land applications, Earth Syst. Sci. Data Discuss. [preprint], 

https://doi.org/10.5194/essd-2021-82, in review, 2021. 

Republic of Turkey Mınistry of Agriculture and Forestry General Directorate of Nature Conservation and 

National Parks. Available at: https://www.tarimorman.gov.tr/DKMP/Sayfalar/AnaSayfa.aspx           

Access: 12 09 2021. 

DATASET: Resource Watch, 2021. Agricultural Exposure to Water Stress. 

https://resourcewatch.org/data/explore/. Access Date 04.09.2021. 

Rutger W. Hofste, Samantha Kuzma, Sara Walker, Edwın H. Sutanudjaja, Marc F.P. Bıerkens, Marıjn 

J.M. Kuıjper, Marta Faneca Sanchez, Rens Van Beek, Yoshıhıde Wada, Sandra Galvıs Rodríguez, And 

https://confluence.ecmwf.int/pages/viewpage.action?pageId=111155327
https://doi.org/10.5194/essd-2021-82
https://resourcewatch.org/data/explore/


Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

29 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

Paul Reıg, 2019. Aqueduct 3.0: Updated Decısıon-Relevant Global Water Rısk Indıcators, World 

Resources Institute Technic.al Report. 

Sarış, F., 2021. Türkiye'de Evsel Su Tedarik ve Tüketim İstatistiklerinin Değerlendirilmesi, Coğrafi 

Bilimler Dergisi/ Turkish Journal of Geographical Sciences, 19(1), 195-216. 

State of Environment Reports by Provinces, 2020. Artvin, Ağrı, Gümüşhane, Bayburt, Erzurum, Kars, 

Rize, Ordu, Giresun,  Trabzon, Ardahan, Bayburt  Provinces State of Environment  Reports. Ministry of 

Environment and Urbanization. (in Turkish).  Available at https://ced.csb.gov.tr/il-cevre-durum-raporlari-

i-82671. Access: 12 09  2021. 

Stelzer, K., Simis, S., Müller, D., 2020. Copernicus Global Land Operations “Cryosphere and Water”” 

CGLOPS-2” Framework Service Contract N° 199496 (JRC). Copernicus Global Land Operations – Lot 

2. 

TUBİTAK-MAM, 2013.  Havza Koruma Eylem Planlarının Hazırlanması Proje Nihai Raporu-Doğu 

Karadeniz Havzası. Sayfa: 183, Kasım 2013. 

TUİK Municipality water use statistics. Statistical Institute of Turkey and Yıldız Technical University 

Statistics Dept., DSİ 2016 Yılı Resmi Su Kaynakları İstatistikleri. Available at: 

https://data.tuik.gov.tr/Bulten/Index?p=Belediye-Su-Istatistikleri-2018-30668 and 

https://www.dsi.gov.tr/Sayfa/Detay/1009. Access: 12 09 2021.7 

TÜİK, 2020. https://data.tuik.gov.tr/Kategori/GetKategori?p=Cevre-ve- Enerji-103. Access: 10.12.2020. 

TÜMAŞ, 2019. Çoruh Ve Doğu Karadeniz Havzaları Taşkın Yönetim Planının Hazırlanması Projesi 

Doğu Karadeniz Havzası Taşkın Yönetim Planı Stratejik Çevresel Değerlendirme-Taslak Kapsam 

Belirleme Raporu  Su Yönetimi Genel Müdürlüğü Kasım 2019. 

Turkish Regulations (2015). Yüzeysel Su Kalitesi Yönetimi Yönetmeliği, 15 Nisan 2015 tarihli Resmi 

Gazete, Sayı: 29327, http://suyonetimiormansu.gov.tr. 

Ubeyd S., 2009. Coruh River Development Plan International Workshop on Transboundary Water 

Resources Management Tbilisi, Georgia 8-10 December 2009 General Directorate of State Hydraulic 

Works (Dsi), Turkey. Available at: 

https://unece.org/fileadmin/DAM/env/water/meetings/Assessment/Tbilisi%20workshop/Presentations/B

asin%20presentation%20pdfs/presentation_Tbilisi_Dec2009_Sezer_TR_Chorokhi-Coruh.pdf Access: 

12 09 2021. 

Ünsal, V. 2012. Eskiçağda Çoruh Havzası (PDF). Atatürk Üniversitesi Sosyal Bilimler Enstitüsü Tarih 

Ana Bilim Dalı. ss. 26,27,28,29. 

https://ced.csb.gov.tr/il-cevre-durum-raporlari-i-82671
https://ced.csb.gov.tr/il-cevre-durum-raporlari-i-82671
https://data.tuik.gov.tr/Bulten/Index?p=Belediye-Su-Istatistikleri-2018-30668
https://www.dsi.gov.tr/Sayfa/Detay/1009


Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

30 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

WEAP, 2021. Reservoir Evaporation. https://www.weap21.org/WebHelp/Reservoir_Evaporation.htm. 

Access Date: 09.05.2021. 

Wikipedia, 2021. https://tr.wikipedia.org/wiki/T%C3%BCrkiye%27deki_barajlar_listesi, www.dsi.org, 

Access: 14 Sept. 2021. 

Wilcox, 1976. Use  of negatıve values  of potentıal evapotranspıratıon  ın estımatıon of annual ırrıgatıon  

requırements Can. J. Soil Sci. 56:507-509. 

DATASET: WRI, 2013. Dataset: Agricultural Exposure to Water Stress.  

DATASET: WRI-Aqueduct, 2021. https://www.wri.org/applications/aqueduct/water-risk-atlas/. Access 

Date 07.09.2021. 

DATASET: World Resources Institute. 2013. "Agricultural exposure to water stress." Aqueduct. World 

Resources Institute. http://www.wri.org/resources/data-sets/agricultural-exposure-water-stress. 

Accessed through Resource Watch, (date). www.resourcewatch.org. 

Yüksel, İ., 2015. Water management for sustainable and clean energy in Turkey. Energy Reports 

journal Available at: 

https://www.researchgate.net/publication/277727886_Water_management_for_sustainable_and_clea

n_energy_in_Turkey/figures?lo=1. Access: 12 09 2021. 

 

 

 

 

 

 

 

 

 

 

 

https://www.weap21.org/WebHelp/Reservoir_Evaporation.htm
https://www.wri.org/applications/aqueduct/water-risk-atlas/
http://www.wri.org/resources/data-sets/agricultural-exposure-water-stress
https://www.resourcewatch.org/


Report for “the Caucasus Environmental Outlook 2022 Freshwater Chapter Elaboration”  

 

31 
HYDROPOLITICS ASSOCIATION (TURKEY) 

Aydin-Kandemir F. and Yıldız D. (2021) 

 

 

 

 

 

 

 

 

 

 

 

 

 


