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Abstract: In this study, trout production of Türkiye in the last decade is evaluated. The 

predicted climatic and hydrological changes in Türkiye's River Basins are addressed 

with the 2024 rainbow trout production data, and production strategies, regional 

planning, policy and management of sustainable aquaculture in risky and potential 

regions are emphasized. Inland aquaculture still maintains its strategic importance in 

rainbow trout production, which is shifting towards the marine areas of the Black Sea. 

Inland water rainbow trout production is steadily increasing in two-centered inland 

rainbow trout production encompassing Muğla and Elâzığ provinces. Of the 22 basins 

with 1% or more production in inland rainbow trout farming, 12 are at risk due to the 

effects of climate change. Six basins may be in a strategic position for future 

production. In Türkiye, basin planning should be carried out for the sustainability of 

rainbow trout farming in the latitudes below 39°-40° N, based on 35° E longitude, and 

centered in Muğla and Elâzığ, and modern systems should be implemented to minimize 

water use, and climate-resistant strategies should be developed. 
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1. INTRODUCTION 
Türkiye's total aquaculture production 

increased from 79,031 tonnes in 2000 to 557,124 

tonnes in 2024. Trout farming (including rainbow 

trout, Oncorhynchus mykiss and Salmo sp.) in 

both inland and marine areas accounts for the 

largest share of this production. Although the 

share of trout in this production decreased from 

56.35% to 40.13% during the same period, the 

production amount increased by 420.04%. 

Although the share of inland water trout in trout 

farming decreased from 95.60% to 73.80%, 

production continues to be largely concentrated 

in inland waters (TSI, 2025). Thanks to this 

successful production and related policy support, 

Türkiye is the second largest producer of rainbow 

trout and the world leader in the production of 

European sea bass and gilthead sea bream (FAO, 

2026). Türkiye's strategic location and the 

biodiversity of the Mediterranean Basin have 

been influential in this success (Çelik and 

Akmermer, 2021). Other factors in this success 

are related to the know-how and experience in 

aquaculture and feed production (Knudsen, 

2025). Since 2014, Türkiye has shifted its 

national aquaculture production to marine areas 

(FAO, 2026; TSI, 2025; TRAF-GDFA, 2026a).  

A large part of Türkiye's geography falls 

within the Csa Köppen climate class with mild 

winters, very hot and dry summers-

Mediterranean climate (Bölük et al., 2023). 

Türkiye's location in the temperate region and the 

Mediterranean Basin makes it vulnerable to the 

effects of climate change. Furthermore, global 

agriculture, forestry, and fisheries also carry a 

high level of climate risk and vulnerability 

(World Bank Group, 2022). While the World 

Meteorological Organization defines climate as 

the statistical averages and variability of weather 

events over 30 years or more, climate change is 

defined as changes observed in the climate of a 

region or the world over decades or longer. The 

United Nations Framework Convention on 

Climate Change attributes climate change to 
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human activities rather than natural conditions 

(IPCC, 2018). The status of water management, 

which is based on resource allocation, may 

change due to climate change and land-use 

changes. Therefore, dynamic and synergistic 

approaches should be determined for water, 

energy, and food resources, which are highly 

interdependent (Mohtar and Fares, 2022). 

Türkiye's water reserves are expressed as a total 

of 112 billion m³ of usable surface and 

groundwater, of which 95 billion m³ is domestic 

surface water, 3 billion m³ is usable surface water 

from neighbouring countries, and 14 billion m³ is 

groundwater (TRAF-GDWM, 2020). Of the 

annual water consumption of 57 m
3
, 77% is used 

for irrigation and 23% for drinking, domestic use, 

and industrial purposes (TRAF-GDSHW, 2024). 

The water needs of rivers in some basins that 

make up Türkiye's water resources have reached 

source insufficiency. Overuse of groundwater 

and climate change will negatively affect the 

future of water resources (TRAF-GDWM, 2020). 

Natural events such as droughts, as well as 

human-induced events such as water extraction, 

deterioration of water quality, and problems with 

access to water, and climate change resulting 

from both events, are sources of water stress 

(EEA, 2021). Water stress will have the greatest 

impact in the Iberian Peninsula and Anatolia, 

with a 3°C increase in temperature in Europe 

(EEA, 2021). It has been reported that Türkiye's 

water stress value in 2030 will be in the severe 

water stress (index value above 40%) and 

medium water stress (index value 20-40%) 

categories based on river basins (García-Valiñas 

et al., 2010, citing Henrichs et al., 2007). Another 

study reported that most of Türkiye's River 

Basins will fall into the high stress category 

(index value 40-80%), with a secondary level of 

medium-high stress (index value 20-40%), and 

that some basins will reach the extremely high 

stress level (80% and above) (Meißner, 2021, 

citing Gassert et al., 2013). On the other hand, it 

is reported that more than 60% of Türkiye's land 

is vulnerable to desertification and is at critical 

risk, while only approximately 12% is unaffected 

by desertification risk (Uzuner and Dengiz, 

2020). The distribution of desertification risk 

levels is as follows; low-risk areas are 12.7%, 

medium-risk areas are 53.2%, and high-risk areas 

are 25.5% (Türkeş et al., 2020). These reports 

indicate that farms using groundwater or surface 

water in the inland waters of provinces with high 

levels of aquaculture production in Türkiye are at 

risk. According to the EEA (2021), implementing 

ecologically based river basin and drought 

management plans, as well as improving water-

use efficiency, are critical for adapting to the 

effects of climate change. 

Türkiye, one of the World's leading countries 

in inland aquaculture and particularly rainbow 

trout farming, faces threats to the sector's 

sustainability due to climate change-induced 

water scarcity, rising temperatures, and 

ecosystem changes. Based on this reality, this 

study evaluates climate and hydrological changes 

projected for Türkiye's hydrological basins for 

the period 2071-2100, along with rainbow trout 

production data for each province as of 2024. 

Risky and potential areas are identified, and 

recommendations for sustainable aquaculture are 

developed. The risk status of Türkiye's inland 

rainbow trout aquaculture in the face of climatic 

vulnerability is demonstrated on a basin-by-basin 

basis. 

 

2. MATERIAL and METHODS 
This study employed document (secondary 

data) analysis, a quantitative research method. 

The topic is based on an integrated analysis of 

long-standing and researched bibliographic and 

statistical data. The data were evaluated using 

comparative analysis methods, and a basin-based 

risk classification of rainbow trout in Türkiye's 

inland waters based on climate indicators was 

demonstrated. The processing of the data used is 

described below: 

(1) The last 10 years of trout farming data in 

Türkiye between 2015 and 2024 (Table 1) (TSI, 

2025) was used to evaluate annual growth rates-

year-over-year to year (YoY) and average annual 

growth rate (AAGR). The YoY (%) was 

calculated by comparing the increase in current 

production to the previous year. The AAGR 

represents the arithmetic average of 10-year 

production. The inland trout farming data by 

province and species is displayed as Microsoft 

Excel mapping (Figure 1, 2, 3) (TSI, 2025). 

(2) The production density and basin-based 

distribution of provinces with a 1% or greater 

share of Türkiye's inland rainbow trout 

production in 2024 is shown in Table 2 (TSI, 

2025; TRAF-GDWM, 2025a, b, c, d, e, f). 

However, due to different values in the sources 

used in the evaluation of the basin areas (TRAF-

GDWM, 2025a, b, c, d, e, f), the areas within the 

river basins of the provinces were evaluated with 

an approximate percentage scaling of the basins. 

The sections of the provinces falling within the 

basin area (approximate percentage values) were 
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correlated using a scoring test. The average score 

in the correlation was 3 provinces (Table 2). 

According to the scoring, a provincial section 

within the basin area was classified as low if it 

was 1 or 2, medium if it was 3 basins, and high if 

it was 4 or above (Table 2; Figure 2). The share 

of the Maritsa (Meriç)-Ergene, Marmara, 

Susurluk, Northern Aegean (Kuzey Ege), and 

Sakarya Basins in Türkiye's 2024 inland rainbow 

trout farming projected for inland waters was 

either below 1% or no production was carried out 

in the provinces included in these basins (Figure 

1; Supplementary Table 1). In the data evaluation 

in Table 2, a total of 233 PDF files related to 

Turkish River Basins belonging to the General 

Directorate of Water Management, the Ministry 

of Agriculture and Forestry, were examined. 

These included drought management for 20 

basins, flood management for 24 basins, river 

basin management for 12 basins, conservation 

actions for 9 basins, sectoral water allocation 

plans for 9 basins, and promotional brochures for 

25 basins (TRAF-GDWM, 2025a, b, c, d, e, f). 

The approximate percentages of the provincial 

areas included in the basin were determined using 

98 PDF files with similar relationships in these 

documents. Table 2 groups the provinces with a 

production share of 15% or more (1), the 

provinces with a production share between 3% 

and 8% (2), the provinces with a production share 

between 2% and 1% (3) and the provinces with a 

production share below 1% (4). 

(3) Figure 4 shows the distribution of inland 

rainbow trout farming basins in Türkiye, latitudes 

below 39°-40° N, based on 35° E longitude, and 

centered in Muğla and Elâzığ.  

(4) The precipitation amounts for 25 

hydrogeological basins in Türkiye (TRAF-

GDSHW, 2024) and the temperature, 

precipitation, water reserve, and groundwater 

projections for these basins for the 1971-2000 

period and for the years 2041-2070 and 2071-

2100 (Supplementary Table 2) (TRAF-GDWM, 

2020) were used to classify the basins according 

to whether each parameter was above or below 

the basin-wide average value. The classification 

results were visualised using a Sankey flow 

diagram to show the transition from basin 

identity to the parameter categories above and 

below the average value (Figure 5, 6, 7, 8).  

(5) Meteorological data on Türkiye's 

atmospheric temperature and precipitation are 

presented in Figure 9 (TSMS, 2025a). 

(6) Data were evaluated using comparative 

analyses, and the risk assessment of rainbow 

trout in Türkiye's inland waters was organised in 

Table 3, with the parameters in Figure 5, 6, 7, 8 

scored on a basin-by-basin basis. Above-average 

temperature (1), precipitation (1), water reserve 

(1), and groundwater reserve (0.5+0.5) were 

included in the scoring. Maximum values above 

average in temperature were considered. 

Expected temperature increase values were 

included in the scoring as half a point (0.5) if the 

temperature increase was above average, even 

though it was below the average values.  

 

3. RESULT and DISCUSSION 
3.1. Trends of Türkiye's trout production 

(2015-2024) 

Trout production in Türkiye increased by 

114.36% between 2015 and 2024, from 108,038 

tonnes to 231,591 tonnes (y=15197.08x-

30538110.81; R
2
=0.9095; where x is year, y is 

production) (Table 1; Figure 1, 2, 3). While 

inland production maintained a stable and high 

share, marine production showed periods of 

relatively faster proportional growth. Rainbow 

trout farming accounted for 98.71% of this 

production, while Salmo sp. accounted for 

1.29%. As of 2021, Salmo sp. farming was not 

carried out in marine areas (Table 1). The 

increase in inland production could not prevent 

its share in total production from decreasing from 

93.64% to 73.80%, while production in marine 

areas increased from 6.36% to 26.20%. This 

situation in trout farming shows that production 

is shifting towards marine areas and demonstrates 

the development of the potential of aquaculture in 

Türkiye's existing marine areas. The YoY 

calculations pointed to a faster increase in marine 

production (Table 1). The 2019 and 2020 YoY 

rates for inland rainbow trout suggest that the 

sector has achieved its high production targets for 

these years. A similar situation occurred in 2024 

(Table 1). Generally speaking, the 10-year 

AAGR was 6.06% and 35.30% in inland and 

marine areas, respectively (Table 1). According 

to YoY and AAGR values, the increase in marine 

production may be related to technological 

advances and supportive policies. These relative 

differences in the share of inland waters may be 

attributed to spatial, aquaculture issues, 

environmental, or strategic reasons. Rainbow 

trout has supported this growth thanks to both its 

adaptability to environmental conditions and high 

market demand. Consequently, inland water 

production has maintained a stable and high 

share, while marine production has shown more 

dynamic development (Table 1; Figure 1, 2, 3). 
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3.1.1. Regional distribution of inland trout 

farming in Türkiye (2015-2024) 

Rainbow trout production in the 22 provinces 

with a share of 1% or more in production 

increased from 84,129 tonnes to 155,305 tonnes 

(84.60% increase) in the 2015-2024 period, and 

the total production in this period was recorded 

as 1,100,506 tonnes (Table 2; Figure 2). The 

distribution of total inland rainbow trout 

production in Table 1 is presented by province in 

Figure 1, indicating no farming in the provinces 

of Istanbul, Nevşehir, Tekirdağ, Aksaray, 

Kırıkkale, and Kilis. Although production is 

geographically spread over a wide area, most of 

the production is concentrated in provinces 

located predominantly below 39°-40° N latitude 

(Figure 4). According to 35° E longitude, two 

centers of production are observed in Elâzığ 

province in the Eastern and Southeastern 

Anatolia line, and in Muğla province in the 

Southwestern Anatolian side (Figure 1, 2, 4). 

When this distinction is considered, of the 22 

provinces with a production share of 1% or more, 

the shares of cultivation in Elâzığ-centered 

production have increased in Elâzığ, Şanlıurfa, 

Kahramanmaraş, Kayseri, and Gaziantep (Figure 

2). In contrast, in Muğla-centered production, the 

shares of cultivation in Muğla, Burdur, Aydın, 

Denizli, Isparta, and Antalya have decreased. 

Considering that Elazığ's production share 

changed from 9.72% to 24.81% and Muğla's 

from 17.43% to 14.77% between 2015 and 2024, 

Elâzığ rose to the top with its 2024 production, 

while Muğla fell to second place (TSI, 2025), 

indicating that the production centre has shifted 

from west to east. This change in Türkiye's 

inland rainbow trout production may be related to 

socio-economic factors such as investment 

policies, incentive programs, and infrastructure 

development (Çöteli, 2023; 2024). 

 
Table 1. Türkiye's trout aquaculture volume in the last 10 years (tonnes) (TSI, 2025). 

Year R. trout  YoY Salmo sp.  YoY  ∑  YoY %  Total 

Inland water 

2015 100,411   755   101,166  93.64  108,038  

2016 99,712  -0.70% 1,473  95.10% 101,185 0.02% 94.65  106,901  

2017 101,761  2.05% 1,944  31.98% 103,705 2.49% 94.57  109,657  

2018 103,192  1.41% 1,695  -12.81% 104,887 1.14% 91.61  114,497  

2019 113,678  10.16%  2,375  40.12% 116,053 10.65% 92.29  125,745  

2020 126,101  10.93% 1,804  -24.04% 127,905 10.21% 87.25  146,594  

2021 134,174  6.40% 1,558  -13.64% 135,732 6.12% 81.14  167,286  

2022 144,347  7.58% 1,302  -16.43% 145,649 7.31% 76.21  191,103  

2023 154,991  7.37% 1,440  10.60% 156,431 7.40% 70.31  222,486  

2024 169,473  9.34% 1,432  -0.56% 170,905 9.25% 73.80  231,591  

∑/Average 1,247,840  6.06%* 15,778  12.26%* 1,263,618 6.07%* 82.92  1,523,898  

Marine areas (Black Sea) 

2015 6,187   685   6,872   6.36  108,038  

2016 4,643  -24.96% 1,073  56.64% 5,716  -16.82% 5.35  106,901  

2017 4,972  7.09% 980  -8.67% 5,952  4.13% 5.43  109,657  

2018 9,235  85.74% 375  -61.73% 9,610  61.46% 8.39  114,497  

2019 9,411  1.91% 281  -25.07% 9,692  0.85% 7.71  125,745  

2020 18,182  93.20% 507  80.43% 18,689  92.83% 12.75  146,594  

2021 31,509  73.30% 45  -91.12% 31,554  68.84% 18.86  167,286  

2022 45,454  44.26%   45,454  44.05% 23.79  191,103  

2023 66,055  45.32%   66,055  45.32% 29.69  222,486  

2024 60,686  -8.13%   60,686  -8.13% 26.20  231,591  

∑/Average 256,334  35.30%* 3,946  -8.25%* 260,280  32.50%* 17.08  1,523,898  
Total production share: 98.71% rainbow trout & 1.29% Salmo sp. 

*AAGR: Average Annual Growth Rate. R. trout: Rainbow trout, YoY: Year-over-Year.  

 

Based on the latest data from 2024, inland 

rainbow trout farming in two centers can be 

divided into four categories according to the 

production shares of the provinces (Table 2). The 

production shares of the provinces in categories 1 

(Elazığ and Muğla), 2 (Kahramanmaraş, 

Şanlıurfa, Gaziantep, Kayseri, Samsun, Malatya, 

Tunceli, Artvin), and 3 (Kırşehir, Tokat, Burdur, 

Adana, Aydın, Sivas, Gümüşhane, Van, Denizli, 

Erzurum, Antalya, and Isparta) were 39.58%, 

35.31%, and 16.75%, respectively. However, the 

provinces that account for 74.89% of production 

in the first two categories are the regions that 

bear the brunt of rainbow trout farming in inland 
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waters. Total production shares of the 53 

provinces in category 4, which has a share of less 

than 1%, was 8.36%. Kahramanmaraş stands out 

with a 4.7-fold increase in production, while 

Isparta stands out with a 55.34% decrease (Table 

2).

 

 

 
Figure 1. Percentage distribution of Türkiye's total inland water rainbow trout production of 1,247,840 tonnes 

between 2015 and 2024, by province (TSI, 2025). Zongul.: Zonguldak, Kırık.: Kırıkkale, Osm.: Osmaniye, K.: 

Kilis. 

 

Salmo species, on the other hand, were grown 

in a more limited geography due to the effect of 

ecological adaptation. During this period, the 

production of Salmo sp. (Figure 3) has taken 

place in the provinces of Artvin, Gümüşhane, 

Rize, Muş, Van, Kahramanmaraş, Kırşehir, 

Erzincan, Bitlis, Trabzon and Bartın. Artvin, 

Rize, and Van provinces in the Eastern Black Sea 

and Eastern Anatolia regions have been the 

provinces with the most intensive production 

(TSI, 2025). The provinces with the highest 

production were Gümüşhane with 66.23% in 

2015 and Artvin with 47.56% in 2024 (Figure 3). 

While continuous production was carried out in 

Rize between 2015 and 2024, Van has had 

continuous production for the last five years 

(TSI, 2025). Although Salmo sp. production 

occurs in lower quantities, its AAGR is higher 

than that of rainbow trout, suggesting that this 

species needs more support for farming in 

suitable ecological regions. 

Between 1950 and 2024, rainbow trout 

farming was carried out in 87 countries (FAO, 

2026). To date, the number of countries farming 

in freshwater, marine, and brackish water 

environments worldwide is 85, 23, and 4, 

respectively. In 2024, Norway, Chile, Türkiye, 

and Russia accounted for 32.11%, 21.35%, 

20.33%, and 16.64% of marine production, 

respectively, totaling 90.42% (FAO, 2026). In 

freshwater production, Iran (30.00%) and 

Türkiye (19.19%) are the dominant countries; the 

Russian Federation ranks third with 6.34% (FAO, 

2026). As shown in Table 1, Figure 1, 2, and 3, 

and according to world production values for 

2024 (FAO, 2026), Türkiye is among the leading 

countries in rainbow trout farming. 

Consequently, of the 1,181,668.39 tonnes of 

rainbow trout produced globally in 2024, 74.73% 

were farmed in freshwater, and 25.27% were 

farmed in marine areas (FAO, 2026). The 

increase in rainbow trout production in Türkiye 

(Table 1, Figure 2, 3) can be explained by the 

results emphasizing the rapid development of the 

Turkish aquaculture sector within the framework 

of both facility investments and technological 

advancements (Çöteli, 2023; 2024), as well as 

rising food demand, export opportunities, 

investment incentives, and rural development 

policies (Çöteli, 2023). The increasing trout 

production in marine areas (Table 1) is due to the 

sector's shift towards marine fisheries and its 

recognition of the potential in this area. This 

result, rainbow trout farming in the Black Sea, 

particularly for export, is consistent with reports 

by Baki (2019) and Massa et al. (2021) indicating 

greater growth. Furthermore, the reaching the 

production capacity limits of inland water 

resources (300,053 tonnes/year project capacity 

based on inland water resources vs. over 170,000 



Diken, 2026 Acta Aquat. Turc., 22(2): 220205 6 

 

 

 

 

tonnes of real trout production) also encourages a 

shift towards marine production (TRAF-GDFA, 

2026a, b).  

The limited production of Salmo species may 

be related to their distribution or occurrence in 

specific regions, including species defined as 

endemic, native, relict, and stenotopic (Baycelebi 

et al., 2015; Küçük et al., 2022; Turan et al., 

2009; 2020). It can be recommended that R&D 

efforts be increased on topics such as feed 

production, growth performance, and climate 

adaptation for these species. 

 

 
Figure 2. The amount of rainbow trout farmed in Türkiye's inland waters ≥1% (TSI, 2025). The total production 

of these provinces was 1,100,506 tonnes, with 84,129 tonnes produced in 2015 and 155,305 tonnes in 2024. 
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Figure 3. Provinces with Salmo sp. production shares in inland water farms (TSI, 2025). Total production was 

15,886 tonnes, with 755 tonnes produced in 2015 and 1,432 tonnes produced in 2024. 
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Table 2. Distribution of provinces with a share of 1% or more in Türkiye's inland rainbow trout farming in 2024, 

in river basins TSI, 2025; TRAF-GDWM, 2025a, b, c, d, e, f). 
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Rainbow trout production density category (% share) 
 

1 2 3 4 

 

39.58 +35.31 = 74.89 +16.75 = 91.64 8.36 

Basin distribution of rainbow trout farms 

1.Maritsa-Ergene 14,486 5 

 

2.Marmara 23,074 11 
3.Susurluk 24,319 7 

4.Northern Aegean 9,861 4 

5.Gediz 17,137 7 

 

 

 

            

 

2 

6.Küçük Menderes 6,963 3 
            

1 

7.Büyük Menderes 25,960 10 
             

5 

8.Western Med. 20,956 5 
             

5 

9.Antalya 20,249 5 

 

            
3 

10.Burdur 6,294 5 
            

4 

11.Akarçay 7,995 5 
            

1 

12.Sakarya 63,303 13 
  

13.W. Black Sea 28,855 11 

 

                    

 

1 

14.Yeşilırmak 39,595 11 
                    

4 

15.Kızılırmak 82,181 18 
                    

5 

16.Konya Closed 49,930 9 
                    

2 

17.Eastern Med. 21,150 6 
                    

2 

18.Seyhan 22,035 7 
                    

4 

19.Orontes 7,886 6 
                    

3 

20.Ceyhan 21,391 9 
                    

6 

21.Euph.-Tigris 176,143  27 
                       

11 

22.E. Black Sea 22,846 11 

 

                    

 

6 

23.Çoruh 20,248 9 
                    

3 

24.Arax 27,775 7 
                    

3 

25.Lake Van 17,861 4 
                    

1 

∑ 778,493 215 1 2 4 1 3 4 4 2 1 3 1 3 4 4 4 6 4 3 4 4 5 5 
 

72 

∑ (20 province) 643,450 
The percentage of the province's area within the basin and the number of basins occupied by the province. The 
average number of basins occupied by provinces is 3. 

 

  
All 

 
%75-89.9 

 
%45-54.9 

 
%10-24.9 

 
%1-4.9 

 
%90-99.9 

 
%55-74.9 

 
%25-44.9 

 
%5-9.9 

 
<%0.9 

Total NPC: Total number of provinces in category. K.maraş: Kahramanmaraş, Ş.urfa: Şanlıurfa, G.antep: Gaziantep, G.hane: Gümüşhane, 

Western Med.: Western Mediterranean, W. Black Sea: Western Black Sea, Eastern Med.: Eastern Mediterranean, Euph.-Tigris: Euphrates-
Tigris, E. Black Sea: Eastern Black Sea. The areas in the basin of a province are given in approximate percentage values using a colour scale. 

A red frame represents the highest level of impact, while a yellow frame represents the second level. The vertical sum of the provinces' basin 
coverage and the horizontal sum of the province-to-province shares within the basins are expressed using a colour scale. 

 

3.1.2. Basin-based inland rainbow trout 

farming 

In Türkiye, rainbow trout farming in inland 

waters was concentrated in 20 out of 25 river 

basins in 2024. The total surface area of these 20 

basins where intensive production takes place is 

643,450 km², accounting for 91.64% of the 

production (Table 2). While rainbow trout 

production per km² in the 20 river basins was 

130.75 kg in 2015, this value increased to 241.36 

kg in 2024 (Table 1, 2). In the ten-year total 

production, 1,710.32 kg of rainbow trout were 

farmed per km² in the 20 river basins. According 

to Table 2, the production activities of many 

provinces are affected by more than one river 

basin. Elâzığ is located entirely within the 

Euphrates-Tigris (Fırat-Dicle) Basin and had a 

high production density. Muğla, largely located 

in the Western Mediterranean (Batı Akdeniz) 

Basin, is another province with a low basin 

distribution and intensive production. Among the 

provinces with a low basin distribution, Şanlıurfa 

and Tunceli are located entirely within the 

Euphrates-Tigris Basin, while Malatya is mostly 

within the Euphrates-Tigris Basin. These 

provinces have a secondary level of production. 

Kırşehir, located entirely within the Kızılırmak 

Basin, has a tertiary level of production. 

Provinces with this low basin distribution 

accounted for 53.37% of total production, while 

Elâzığ, Şanlıurfa, Tunceli, and Malatya, located 

within the Euphrates-Tigris Basin, had a 36.65% 

share (Table 2, Figure 2). 
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Figure 4. Türkiye's River Basins.1: Maritsa-Ergene, 2: Marmara, 3: Susurluk, 4: Northern Aegean, 5: Gediz, 6: 

Küçük Menderes, 7: Büyük Menderes, 8: Western Mediterranean, 9: Antalya, 10: Burdur, 11: Akarçay, 12: 

Sakarya, 13: Western Black Sea, 14: Yeşilırmak, 15: Kızılırmak, 16: Konya Closed, 17: Eastern Mediterranean, 

18: Seyhan, 19: Orontes, 20: Ceyhan, 21: Euphrates-Tigris, 22: Eastern Black Sea, 23: Çoruh, 24: Arax, 25: 

Lake Van (TRAF, 2014). Türkiye's geographical location (Google Earth, August 2025). 

 

Gaziantep (mostly Euphrates-Tigris) and 

Artvin (mostly Çoruh), which have a medium (3) 

basin distribution, have a second-degree 

production intensity (Table 2). Kahramanmaraş, 

Kayseri and Samsun, which have a second-

degree production intensity, are provinces with a 

high (4) basin distribution (Table 2; Figure 2). 

These provinces are divided among different 

basins and have a share of 16.14% in total 

production in 2024. On the other hand, the share 

of Gaziantep and Artvin, which have a medium 

distribution, in total production was 7.33%. 

While Gaziantep and Artvin, where second-

degree intensive production was carried out with 

a total farming share of 7.33% in 2024, have a 

medium basin distribution, the share of 

Kahramanmaraş, Kayseri and Samsun, which 

have a high basin distribution, was 16.14% 

(Table 2; Figure 2). The 12 provinces in the third 

category have a greater basin distribution than the 

provinces in the first and second categories 

(Table 2). The production shares of Tokat and 

Van provinces with medium (3) basin 

distribution in this category is 3.18% in 2024 

(Table 2; Figure 2). The production shares of 9 

provinces with high (4 and above) basin 

distribution is 11.61%. The production shares of 

Burdur, Adana, Aydın, Gümüşhane, Denizli and 

Erzurum provinces located in 4 basins is 8.31%. 

The production shares of Antalya and Isparta 

provinces, which are located in five basins, is 

1.92%. The production share of Sivas province, 

which has the largest basin (6) distribution in 

Türkiye, is 1.38% (Table 2; Figure 2). 

Findings indicate that rainbow trout farming 

in Türkiye is not evenly distributed spatially 

(Table 2; Figure 2). Provinces such as Elâzığ and 

Muğla, in particular, are leaders in production 

thanks to both favorable hydrological conditions 

and well-developed aquaculture infrastructure. 

While the hydrological potential of the 

Euphrates-Tigris Basin supports production, 

small- and medium-scale production is more 

pronounced in the Western Anatolian Basins. The 

increase in the production shares of provinces 

with 1% or more production (83.78% vs. 

91.64%) necessitates regional and basin-level 

planning (Table 2; Figure 2). The dominance of 

provinces with low basin distribution in 

production suggests that production is spatially 

limited but concentrated. Conversely, provinces 

with high basin distribution offer greater 

potential for geographical diversity and can play 

a strategic role in ensuring the sustainability of 

the sector. The highest production occurs in the 

Euphrates-Tigris, Western Mediterranean, and 

Büyük Menderes Basins. Elâzığ, located in the 

Euphrates-Tigris Basin, where production is 

highest, and with 10 other provinces in the basin, 

the Euphrates-Tigris Basin is a strategic 

production center (Table 2; Figure 2). 
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Figure 5. Temperature changes in the basins in 2071-2100 compared to the reference year 1971-2000. The 

decimal part has been rounded. It is structured according to Supplementary Table 2 (TRAF-GDWM, 2020).  

 

 
Figure 6. Precipitation changes in the basins in 2071-2100 compared to the reference year 1971-2000. It is 

structured according to Supplementary Table 2 (TRAF-GDWM, 2020).  
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Muğla, with the second-highest share in 

production, is located within the Büyük 

Menderes and Western Mediterranean Basins, 

with a total of 10 provinces distributed within 

these two basins. Along with Kahramanmaraş, 

which has the third highest share in aquaculture, 

the Ceyhan and Seyhan Basins, representing 10 

provinces, are also strategically located for 

rainbow trout production in inland waters. In the 

Black Sea Region, the provinces of Samsun, 

Artvin, Tokat, and Gümüşhane demonstrate the 

strategic importance of the Kızılırmak, 

Yeşilırmak, and Eastern Black Sea Basins (Table 

2; Figure 2). In conclusion, Türkiye has two 

production centers located below latitude 39°- 

40° N and according to longitude 35° E. Given 

this geographical location, Elâzığ province is 

located in the Euphrates-Tigris Basin, and Muğla 

province is located in the Büyük Menderes and 

Western Mediterranean Basins, and therefore, 

considering these basins as special status will be 

critically important for inland rainbow trout 

aquaculture in Türkiye (Table 2; Figure 2, 4).  

 

 
Figure 7. Water reserve changes in the basins in 2041/2071-2100 compared to the reference year 1971-2000. It 

is structured according to Supplementary Table 2 (TRAF-GDWM, 2020). 

 

3.2. Basin-Based Risk Assessment of Climate 

and Hydrological Changes  

According to the climate projection based on 

reference years, average temperatures across 

Türkiye are expected to increase by 1.8-5.1°C by 

2100, while precipitation is expected to decrease 

by 11.9%, water reserves by 55%, and 

groundwater reserves by 15% (Supplementary 

Table 2). The average atmospheric temperature 

between 1970 and 2024 was observed as 13.3°C 

(Figure 9). According to measurements in the 

first 30 years, the temperature was 12.8°C, while 

it reached 14.0°C in the first 25 years of the 

second 30 years. Temperature increases in the 

second 30-year period have currently increased 

by 1.2°C. This temperature change observed in 

meteorological data indicates that it is 

approaching the minimum temperature change of 

1.8°C expected after 2070 (Supplementary Table 

2). The maximum temperature increases in the 

future projection are expected to be more 

effective in the Gediz, Küçük and Büyük 

Menderes, Western Mediterranean, Antalya, 

Eastern Mediterranean (Doğu Akdeniz), Seyhan, 

Orontes (Asi), Ceyhan, Euphrates-Tigris Basins 

(Figure 5). The precipitation observed after 2020 
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(Figure 6) reflects the likely precipitation after 

2070 (Supplementary Table 2). Precipitation is 

expected to decrease by 11.9% by 2100, falling 

to 532.9 mm. This decreasing trend is most 

pronounced in the Gediz, Büyük Menderes, 

Burdur, Akarçay, Kızılırmak, Konya Closed 

(Kapalı), Seyhan, Euphrates-Tigris, and Arax 

(Aras) Basins, which remain below the mean 

value of the reference years. The number of these 

basins is projected to increase to 13 (Gediz, 

Büyük Menderes, Western Mediterranean, 

Antalya, Burdur, Akarçay, Kızılırmak, Konya 

Closed, Eastern Mediterranean, Seyhan, Ceyhan, 

Euphrates-Tigris, and Arax) after 2070 (Figure 

6). The Euphrates-Tigris Basin is the outlier with 

the highest reserves with a share of 29.1%, while 

the Western Mediterranean (0.5%) has the lowest 

reserves. Average annual water reserves are 

expected to decrease from 7,858.4 million m³ to 

3,536.28 million m³ during the 2071-2100 period. 

The Euphrates-Tigris Basin, which includes 

Elâzığ, will experience the highest reserve loss 

with 34,300.20 m³/year (Supplementary Table 2). 

In 13 basins where rainbow trout production in 

inland waters is 1% or more, water reserves are 

projected to decrease at an average or higher rate 

(Figure 7). The Burdur (81.68%), Akarçay 

(80.38%), Konya Closed (68.74%), Büyük 

Menderes (61.57%), and Gediz (57.68%) basins 

are expected to experience the greatest 

proportional water deficit (the ratio of water 

deficit to water reserve; Supplementary Table 2). 

It is likely that there will be decreases in 

groundwater reserves exceeding the average 

values of the reference years in the Büyük 

Menderes, Western Mediterranean, Antalya, 

Akarçay, Western Black Sea (Batı Karadeniz), 

Kızılırmak, Konya Closed and Euphrates-Tigris 

Basins, which constitute 1% or more of 

production (Figure 8). 

 

 

 
Figure 8. Groundwater reserve changes in the basins in 2071-2100. It is structured according to Supplementary 

Table 2 (TRAF-GDWM, 2020).  

 

Table 3 presents the basin-based risk 

assessment of provinces with a share of 1% or 

more in rainbow trout production according to 

the future water status of Turkish River Basins. 

The Euphrates-Tigris Basin is assessed in the 

highest risk group due to its leadership in Turkish 

rainbow trout production. It demonstrates 

different changes from Türkiye's future average 

values in terms of temperature, precipitation, 

water reserves, water deficit, and groundwater 

reserves (Figure 5, 6, 7, 8). A total of 12 basins 

from the Euphrates-Tigris Basin to the Burdur 
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Basin are in the high-risk group (Table 3). The 

total number of basins, including those with 

medium risk status, is 14. Considering the surface 

areas of the provinces located within the basin 

areas, Artvin is the only province in the low and 

potential risk group in terms of climate change 

effects (Table 3; Figure 2, 4). Low and potential 

risk group basins such as the Arax, Western 

Black Sea, Lake Van (Van Gölü), Çoruh, the 

Eastern Black Sea and Yeşilırmak have low 

shares of current production, limited water losses, 

and can become production centers that are more 

resilient to climate conditions in the future (Table 

3; Figure 2, 4). Production investments in the 

Western Black Sea and Arax Basins, especially 

those located above latitudes 39°-40° N, can be 

strategic. Considering the surface areas of the 

provinces located in these basins, Samsun, Tokat, 

Gümüşhane, Van, and Erzurum are in a more 

advantageous position compared to other 

provinces in terms of risk assessment. Production 

in the provinces of Elâzığ, Muğla, 

Kahramanmaraş, Kayseri, Burdur, Adana, Aydın, 

Sivas, Denizli, Antalya, and Isparta, which are 

located in high and moderate risk basins 

according to their basin areas, is expected to be 

significantly but at different rates affected by the 

effects of climate change (Table 3; Figure 2, 4). 

Türkiye's rainbow trout production geography 

is at risk according to future climate change 

projections (Table 3). Current production 

intensity is largely concentrated in basins 

expected to experience high water loss and water 

stress (Table 3; Figure 2, 4). Surface and 

groundwater reserve losses pose serious risks to 

the future of the sector and threaten its 

sustainability. Temperature increases (especially 

in basins above 5°C) can negatively impact the 

physiology of coldwater fish such as rainbow 

trout. Therefore, thermal stress factors should be 

monitored, and production should be conducted 

with temperature-tolerant species. In provinces 

with intensive trout production (e.g., Elâzığ and 

Muğla), basin-based water transportation and use 

plans should be reviewed. New plans should be 

shaped with production models compatible with 

climate change and policies that take regional 

differences into account. Mechanization to 

increase the oxygen content of water enabling 

fish production at low water flow should be 

integrated with RAS and wastewater recycling 

systems. Production capacity should be limited, 

and sustainable water allocation plans should be 

developed. Priority areas for new investments can 

be identified. Monitoring studies should be 

conducted for potential development projects in 

provinces where production has not yet become 

widespread. 

According to Maulu et al. (2021), climate 

change effects such as temperature increases, 

precipitation irregularities, droughts, and floods, 

which degrade water quality, are among the 

significant risks threatening the production and 

sustainability of aquaculture. This situation also 

poses threats to inland rainbow trout farming in 

Türkiye (Table 3, Figure 5, 6, 7, 8). Türkiye's 

areal precipitation in 2024 was 537.2 mm, and its 

average annual areal precipitation (1991-2020 

normals) was 573.4 mm, decreasing by 6.3% and 

16.3% compared to normal and the previous year, 

respectively (TSMS, 2025b). The same report 

reported that annual precipitation across Türkiye 

decreased based on the number of years in which 

precipitation was below normal in 2020 and 

thereafter. The decreasing trend in precipitation 

in this report is similar to the decreasing trend in 

precipitation across Türkiye shown in Figure 9. 

The same report reported that basin-based areal 

precipitation for 2024 decreased compared to 

normal in 19 basins except the Eastern 

Mediterranean, Euphrates-Tigris, Eastern Black 

Sea, Çoruh, Arax, and Lake Van. This year-based 

assessment when associated with the expectations 

for precipitation change in Figure 6, is important 

in terms of the necessity of monitoring the basin 

risk assessments given in Table 3. 
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Figure 9. Changes in temperature and precipitation in Türkiye (TSMS, 2025a). 

 
Table 3. Critical basins and risk assessment based on water status and 2024 inland rainbow trout farming 

values* 

Basin Score Production Climatic assessment Risk 

Euphrates-Tigris 4 Very high Although water potential appears high, reserves 

are in decline. A temperature rise (~ 6.0°C) 

could make difficult production. 

 

Büyük Menderes  4 High 

Basins are under high stress due to water loss 

and temperature increases. Reserve losses are 

high. Water management and adaptive 

production are essential. 

 

Kızılırmak  3.5 Medium  

Ceyhan  3 Medium  

Orontes  2 Medium  

Antalya 4 Low  

Konya Closed  3.5 Low  

Gediz  3 Low  

Akarçay  3 Low  

Eastern Mediterranean  3 Low  

Küçük Menderes  2 Low  

Burdur  2.5 Low  

Western Mediterranean  2.5 Low Rising basin temperatures could affect rainbow 

trout production. Long-term reserve loss could 

pose a problem. 

 

Seyhan  2 Low  

Arax  1.5 Low 

The least affected basins. Relatively less water 

loss. They have relative advantages in terms of 

water resources. Precipitation may still be 

sufficient. 

 

Eastern Black Sea  1 Low  

Lake Van  0.5 Low  

Çoruh  0.5 Low  

Western Black Sea  0.5 Low  

Yeşilırmak  / Low  

 High Medium Low&Potantial 
*Score are arranged according to Figure 5, 6, 7, 8 (TRAF-GDWM, 2020). The loss of water reserves is critical. In production, inland 
rainbow trout farming in Table 2 was taken into account. 
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Associated with the decreasing trend in 

precipitation, Türkiye's semiarid steppe and 

Mediterranean climate zones are expanding, 

while its cold summer climate zones are 

contracting (Türkeş and Yurtseven, 2025). 

Similarly, Yılmaz and Çiçek (2019) stated that 

the expansion of Türkiye's dry summer and 

warm-temperate climates is expected to be 

accompanied by the contraction of its cold 

climate zones. As an indicator of climate change, 

these temperature increases will be 1-2 °C greater 

in the Eastern and Southeastern regions, and 

while a general decrease in precipitation is 

expected, an increase is projected only along the 

Black Sea coast (TRAF, 2023). This regional 

difference in temperature increases and the 

decreasing trend in precipitation are consistent 

with Table 3. The basin-based relationship 

between regional temperature and precipitation 

changes in Table 3 demonstrates the basin-based 

accuracy of the risk assessment. It has also been 

reported that rising temperatures will increase dry 

periods, reaching 140-160 days in Southeastern 

Anatolia and 30-70 days along the Black Sea 

coast (TRAF, 2023). Türkiye's 12-month drought 

map covering the period September 2024-August 

2025 (TSMS, 2025c) also supports these reports. 

A large portion of the basins below 39°- 40° N 

latitude, which are expected to be more affected 

by climate change (Figure 4, Table 3), aligns 

with these reports and is classified as severe to 

moderate drought in the TSMS (2025c) report. 

In addition to these climate change reports, it 

has been reported that Türkiye's water budget is 

at risk of falling from an annual surplus of 14.6 

km
3
 to a deficit of 57.3 km

3
 in the 2071-2100 

scenario, and that the risk of water deficit in river 

basins will reach 60-72% by 2100 (Pilevneli et 

al., 2023). This report, along with the values in 

Figure 5, 6, 7, 8 and Table 3, highlights the 

importance of basin-based water management 

risk assessment. This risk profile indicates that, 

as is the case globally, the vulnerability and 

sensitivity of freshwater aquaculture systems in 

Türkiye to climate change is high (Handisyde al., 

2017). According to the same report, Türkiye's 

freshwater system resources are moderately 

sensitive to climate change, and the adaptation 

capacity of its freshwater and marine systems is 

below average. These findings, when considered 

together with the temperature and precipitation 

changes shown in Figure 9 and the temperature, 

precipitation and water availability presented in 

Figure 5, 6, 7, 8, indicate that there is a high 

probability of a decrease in Türkiye's water 

reserves in the future. Consequently, the impacts 

of climate change on water resources are 

expected to increase the pressure on inland 

rainbow trout aquaculture. Given the projected 

consequences of climate change, the 

development of basin-specific risk assessment 

scenarios, as shown in Table 3, is vital for 

effective aquaculture planning. Regarding 

climate change, Türkiye is among the countries 

experiencing water stress in terms of annual 

water consumption per capita (TRAF, 2023). 

Similarly, studies highlighting the increasing 

water stress in Türkiye's River Basins (García-

Valiñas et al., 2010 as cited in Henrichs et al., 

2007; Meißner, 2021 as cited in Gassert et al., 

2013), the projected increase in water scarcity 

affecting 40% of the country (FAO, 2017), and 

the risk of desertification in Turkish territory 

(Uzuner and Dengiz, 2020) highlight the need for 

basin-based risk assessments. These studies 

reinforce the necessity of planning inland 

aquaculture activities at the basin scale, 

considering their projected impacts on water 

resources based on potential water availability as 

indicated in Table 3. Furthermore, all these 

reports will contribute to questioning the 

sustainability of livelihoods in terms of 

production gradations (from high to low 

production), as in Table 3, which considers 

changes in basins due to declining water reserves. 

In light of these approaches, considering the 

regional distribution of production capacity 

classes in rainbow trout farming in Türkiye, as 

well as hatchery and egg production (Çakmak et 

al., 2024), the enterprises in a total of 14 basins, 

12 of which are high-risk and 2 of which are low-

risk, are located in high and medium-risk basins. 

Therefore, the sustainability of rainbow trout 

farming in inland waters requires a basin-based 

risk assessment, as outlined in Table 3, adhering 

to quantitative and methodological approaches 

for efficient water use, as emphasized in the 

Mohtar and Farez (2022) report. However, for 

such studies to yield results, the relationship 

between the adaptive capacities of producers in 

different regions and the sustainability of the 

sector must be targeted (Maulu et al., 2021).  

It was reported by FAO (2017) that 

agricultural production will increase by 60% by 

2050, that the pressure on water and other natural 

resources will increase due to increasing food 

demand, that more than 40% of the world's 

population will live in river basins experiencing 

serious water stress, and that intersectoral 

tensions and environmental pressures will 
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increase. Pilevneli et al. (2023) also reported that 

the Maritsa-Ergene, Marmara, Susurluk, 

Northern Aegean, Gediz, Küçük Menderes, 

Büyük Menderes, Burdur, Akarçay, Sakarya, 

Kızılırmak, Konya Closed, Orontes, Ceyhan and 

Euphrates-Tigris Basins in Türkiye will face 

water scarcity in the short, medium, and long 

term. In addition to these reports, among the 

recommendations for adaptation to climate 

change, a transition to basin-scale planning is 

recommended in assessments related to water 

resources management (TREUC-CD, 2024). 

According to the report Pilevneli et al. (2023), 

the basins identified as being at risk of water 

scarcity are the same as the basins in the high-

risk groups listed in Table 3. The basin-based risk 

assessment in Table 3 meets the basin-scale 

planning recommendations of the TREUC-CD 

(2024) report. The study results are consistent 

with assessments of potential climate risks and 

require basin-based risk and future planning for 

inland trout aquaculture. 

 

CONCLUSION 
While production nationwide is showing a 

steady increase, the concentration of production 

in certain provinces, as well as the emergence of 

a new production centre within the Euphrates-

Tigris Basin in the centre of Elâzığ Province, 

indicates a new specialisation. Climate change 

projections indicate that the current production 

geography and intensity are at risk. The 

concentration of inland trout farming in basins 

with a high risk of water loss should be a cause 

for concern for the sector's future. Water 

management policies must be restructured to 

enable aquaculture to adapt to these pressures of 

climate change through strategic changes. 

Planning should be based on basin-based 

dynamic water reserve estimates and long-term 

climate scenarios. Urgent adaptation policies and 

planning measures can be proposed for the 39°- 

40° N latitude and basins below this latitude, 

from Western to Eastern Anatolia. Demand-side 

strategies (water conservation, drip irrigation, 

graywater use) should be prioritized over supply-

side policies (dams, transfers). Investments 

should be directed towards mechanisation models 

such as oxygen generators that provide low water 

consumption, high water quality and efficiency, 

as well as aquaculture systems like RAS and In-

Pond Raceway Systems. Aquaculture should be 

integrated with wastewater recycling systems. 

Low-risk basins such as the Eastern and Western 

Black Sea, Arax, Lake Van, Çoruh, and 

Yeşilırmak, can be identified as priority 

investment areas, and potential development 

projects in these basins can be monitored. 

Groundwater resources should be protected and 

their security ensured. These low-risk basins, 

which account for a small share of current 

production, could become more climate-resistant 

production centers in the future due to limited 

water losses. Climate-resilient species and 

production systems should be developed, and 

genetic research should be prioritized. Climate-

resilient strategies should be developed. Thermal 

stress factors should be monitored, and heat-

tolerant species may be important for production. 

Studies on climate-resistant aquaculture genes 

should be conducted, and research on fish species 

that can adapt to high temperatures and low water 

reserves could be important. Türkiye's 

sustainable fisheries sector plans should be 

shaped by climate change-compatible production 

models and policies that take regional differences 

into account, and climate change adaptation 

funds should be established. 
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Supplementary Table 1. Provinces that do not have inland rainbow trout farming or whose total production and 

2024 production share is less than 1% (TSI, 2025). 

Basin Name  Other 

1.Maritsa -Ergene Çanakkale, Edirne, İstanbul, Kocaeli, Tekirdağ 

2.Marmara 
Balıkesir, Bilecik, Bursa, Çanakkale, İstanbul, İzmir, Kocaeli, Kırklareli, Kütahya, 

Manisa, Tekirdağ  

3.Susurluk Balıkesir, Çanakkale, İzmir, Manisa 

4.Northern Aegean Balıkesir, Bursa, Bilecik, Çanakkale, İzmir, Kütahya, Manisa 

5.Gediz Balıkesir, İzmir, Kütahya, Manisa, Uşak 

6.Küçük Menderes İzmir, Manisa 

7.Büyük Menderes Afyonkarahisar, İzmir, Kütahya, Manisa, Uşak 

8.Western Mediterranean  Afyonkarahisar, Konya 

9.Antalya Afyonkarahisar 

10.Burdur Afyonkarahisar, Kütahya, Konya, Uşak 

11.Akarçay 
Afyonkarahisar, Ankara, Bilecik, Bolu, Bursa, Çankırı, Eşkişehir, Kocaeli, Konya, 

Kütahya, Sakarya, Uşak, Düzce 

12.Sakarya 
Ankara, Bolu, Çankırı, Kastamonu, Sakarya, Sinop, Zonguldak, Bartın, Karabük, 

Düzce 

13.Western Black Sea  
Ankara, Bolu, Çankırı, Kastamonu, Sakarya, Sinop, Zonguldak, Bartın, Karabük, 

Düzce 

14.Yeşilırmak Amasya, Çorum, Erzincan, Giresun, Ordu, Yozgat, Bayburt 

15.Kızılırmak 
Aksaray, Amasya, Ankara, Çankırı, Çorum, Erzincan, Kastamonu, Kırıkkale, 

Konya, Nevşehir, Niğde, Sinop, Yozgat 

16.Konya Closed  Ankara, İçel, Konya, Nevşehir, Niğde, Aksaray, Karaman, 

17.Eastern Mediterranean  İçel, Konya, Niğde, Karaman 

18.Seyhan İçel, Niğde, Osmaniye 

19.Oronte Gaziantep, Hatay, Kilis, Osmaniye 

20.Ceyhan Adıyaman, Hatay, Osmaniye 

21. Euphrates-Tigris  
Adıyaman, Ağrı, Bingöl, Bitlis, Diyarbakır, Erzincan, Kars, Hakkâri, Mardin, 

Muş, Siirt, Bayburt, Batman, Şırnak, Iğdır, Kilis 

22. Eastern Black Sea  Giresun, Ordu Rize, Trabzon, Bayburt 

23. Çoruh Erzincan, Kars, Rize, Trabzon, Bayburt, Ardahan 

24. Arax Ağrı, Kars, Ardahan, Iğdır 

25. Lake Van  Ağrı, Bitlis, Muş 

∑  68 
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Supplementary Table 2. Future projections of Türkiye's basins in terms of temperature, precipitation and water 

reserves (TRAF-GDWM 2020). 

Basin 

 

T 0C 
Precipitation 

(mm) 

Water reserve 

(millio m3/year) 

Water 

deficit 

(millio 

m3/year) 

Groundwater reserve  

(km3) 

1971

-
2000 

2071-2100 
1971-

2000 

2071-

2100 

1971-

2000 

2041(71)-

2100 Until 

2100 

Hydrological Possible 

         
1. Maritsa -Ergene  13.4 1.5 4.7 598.3 -13% 1,838 -60% 1,485 188 -2% 125 -3% 

2.Marmara  13.9 1.5 4.6 679.2 +13% 8,566 -50% / 53 -6% 29 -10% 

3.Susurluk  12.5 1.6 4.7 640 -10% 6,157 -50% / 34 -6% 18 -11% 

4.Northern 
Aegean  

15.9 
1.5 4.6 615 -15% 2,379 -60% 75 19 -11% 10 -21% 

5.Gediz  14.6 1.7 4.9 589.7 -20%* 2,505 -75% 1,445 40 -11% 21 -20% 

6.Küçük 
Menderes  

16.7 
1.6* 4.7* 695.6 -20% 1,369 -70% 315 56 -3% 32 -5% 

7.Büyük 

Menderes  

14.4 
1.8* 5* 592.4 -25%* 4,028 -65% 2,480 228 -4%* 138 -7%* 

8.Western Med.  16.2 1.8* 4.9* 731 -28%* 94.3 -50% / 70 -13%* 43 -22%* 

9.Antalya  14.2 1.8* 5* 690.5 -25%* 12,153 -60% / 288 -7%* 168 -12%* 

10.Burdur  12.3 1.9 5.1 508.7 -25%* 606 -85% 495 49 -14% 26 -26% 

11.Akarçay  11.3 1.8 5 460.4 -17%* 678 -70% 545 105 -11%* 57 -20%* 

12.Sakarya  11.3 1.7 4.9 477.8 -8% 8,592 -75% 1,175 377 -5%* 200 -10%* 

13.W. Black Sea  11.6 1.6 4.7 741.6 +8% 10,346 / / 93 -11%* 55 -18%* 

14.Yeşilırmak  11.0 1.8 5 510.2 +6% 6,432 -30% / 86 -9% 48 -17% 

15.Kızılırmak  10.3 1.8 5.1 448.7 -6%* 8,011 -60% 2,160 494 -7%* 266 -13%* 

16.Konya Closed  11.1 1.9 5.2 397.6 -16%* 6,532 -70% 4,490 518 -3%* 306 -6%* 

17.Eastern Med.  16.0 2* 5.1* 629.1 -26%* 11,167 -60% 4,695 10 -10% 6 -13% 

18.Seyhan  12.3 2 5.3 545.3 -15%* 8,711 -30% 2,325 112 -5% 70 -8% 

19.Asi  18.0 1.8 5 804.6 -21% 1,572 -55% 270 16 -29% 9 -54% 

20.Ceyhan  13.7 2 5.3 619.3 -20%* 8,165 -70% 2,650 76 -8% 41 -15% 

21.Euph.-Tigris  12.0 2.3* 5.8* 584.5 -12%* 57,167 -60% 23,175 899 -2%* 473 -5%* 

22.E. Black Sea  12.2 1.7 4.9 961.4 -15% 15,336 -60% / 0.015 / 0.008 / 

23.Çoruh  8.5 2 5.4 616.8 +10% 6,600 -20% / 1 -5% 0.7 -7% 

24.Arax  6.1 2.3 5.7 460.5 -5%* 4,886 -5% / 21 -8% 14 -13% 

25.Lake Van  8.0 2.2 6 527.6 +7% 2,569 -40% / 14 -9% 7 -17% 

Average 12.7 1.8 5.1 605.0 -11.9 7,858.4 -55% 3,185.3 153.9 -8% 86.5 -15% 

:min.&max.; :the current situation; :expectation; :end of century; and /: sufficient. It refers to the basins that remain above the 

average values of the maximum and minimum increase or just increase values of the years 2071-2100 and 2041-2100 added to the average 
values of the reference year (1971-200). Western Med.: Western Mediterranean, W. Black Sea: Western Black Sea, Eastern Med.: Eastern 

Mediterranean, Euph.-Tigris: Euphrates-Tigris, E. Black Sea: Eastern Black Sea. 


