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INTRODUCTION 

The Better Cotton Initiative (BCI) aims to transform cotton production worldwide by developing Better 

Cotton as a sustainable mainstream commodity. To target long-term transformation and achieve a 

landscape/jurisdictional approach Doktar, BCI and WWF-Turkey have cooperated in the ATLA (Adaptation 

to Landscape Approach) GIS project.  The purpose of the ATLA GIS project is to create baseline information 

and get a clear understanding of how farming activities have been interacting with Buyuk Menderes Delta 

and Lake Bafa over time. 

In the project report, the second chapter covers the references, screenshots, value, and related material 

in Terms of References are provided for each layer on the web platform. The final chapter is the detailed 

progress report which includes tasks, planned delivery dates, actual delivery dates, issues, 

accomplishments, and expected accomplishments. 

The Buyuk Menderes Delta and Lake Bafa ATLA GIS Report consist of five sections, Land Cover, Agriculture, 

Geography, Soil Quality, and Environmental Services.  

Study Area 

This study mainly covers the “Greater Soke” area that can be seen below. The “Greater Soke” area covers 

approximately 8.500 km², and the target area is determined with the guidance of the WWF Turkey team 

as the first step in this project. In this area: Land Cover, Agriculture, Soil Quality, and Water Quality 

analyses are provided. 

On the other hand, for climate 

variables and ecosystem services, we 

have used the Buyuk Menderes Basin 

as a whole of which boundaries are 

provided by the WWF Turkey Team. 

Because the climate and ecosystem 

events influence the basin holistically. 

Therefore, we have decided that 

investigating Buyuk Menderes Basin 

provides valuable insights. The area is 

approximately 26.000 km² and can be 

seen below. 

Figure 1: Greater Soke Area 



3  ATLA Project GIS Report 
April 2022 

Figure 2: Buyuk Menderes Region 

Software and GIS Tools 

QGIS: QGIS is a free and open-source cross-platform desktop geographic information system (GIS) 

application that supports viewing, editing, and analysis of geospatial data. QGIS is used to manipulate 

geographical datasets. 

Google Earth Engine: Google Earth Engine is a cloud computing platform for processing satellite imagery 

and other geospatial and observation data. It provides access to a large database of satellite imagery and 

the computational power needed to analyze those images. Google Earth Engine is used for the 

classification of cotton areas in Soke. 

Python: Python is a high-level, general-purpose programming language. Its design philosophy emphasizes 

code readability with the use of significant indentation. Its language constructs and object-oriented 

approach aim to help programmers write clear, logical code for small- and large-scale projects. Python is 

used to manipulate the datasets. 

Mapbox: Mapbox is a mapping and location cloud platform for developers. Mapbox is the main data 

vendor for the project because it is economically the optimal option. 

Methodology 

Land Cover Classification: The study used Coordination of Information on the Environment (CORINE Land 

Cover). For more details, please see:  

land.copernicus.eu/pan-european/corine-land-cover 

https://land.copernicus.eu/pan-european/corine-land-cover
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Cotton Classification: Cotton classification is done with Sentinel-2 images and ground-truth training set 

from the region. The Random Forest model is trained with satellite images and a training set. The model 

is then used to predict the agricultural region in Soke. 

The Random Forest is a supervised machine learning algorithm that is used widely in Classification and 

Regression problems. It builds decision trees on different samples and takes their majority vote for 

classification and average in case of regression. It is one of the most used algorithms in remote sensing 

literature with very high accuracy and relatively low computational and operational burden. 

Limitations 

As mentioned in the previous chapter, this study uses CORINE Land Cover for land cover classification. Its 

main purpose is to provide a common standard for use across Europe. As a result, it covers a very large 

geographical area. In remote sensing literature, it is shown that thematic accuracy is the best for broad 

classes. However, relatively lower accuracy is encountered for the detailed classes. Therefore, a more 

localized study should be conducted if the study aims to attain very high classification accuracy in detailed 

classes. 

On the other hand, the cotton classification is done via local ground-truth samples. We have a very high 

accuracy rate for cotton field classification with 97%+ F-Score. For higher accuracy rates, higher resolution 

and more frequent satellite images are required. 

Data Availability 

The source of the data exploited for this study can be seen in the table below. 

Deliverable Source 

Land Use/ Land Cover Mapping Corine land use classification 

Climate Change Modelling CRU TS 4.05, CHIRPS, ERA-5 Land 

Elevation, Slope, Aspect https://www.earthenv.org/DEM 

Vegetation and crop indices and their hisTerms of 
Referencesical changes 

Landsat & Sentinel-2 

Water Budget Map CRU TS 4.05, CHIRPS, ERA-5 Land 

Water Quality Sentinel-2 

Soil Type SoilGrid 

Soil Quality SoilGrid 

Water Yield Map GCN250 

Soil Loss Map Sentinel-2, HYSOGs250m, 
https://www.earthenv.org/DEM 

Cotton Classification Results Sentinel-2 

Carbon Sequestration Sentinel-2 

STerms of Referencesmwater Runoff Capacity HYSOGs250m 

Surface Temperature Map ERA-5 Land 
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General Overview of Buyuk Menderes Delta and Lake Bafa Region 

Buyuk Menderes Delta and Lake Bafa Region stretches over 110 km and cover an area of 1400 square 

kilometers. The Region is located in Aydın Province and starts from Nazilli, located 43 kilometers east of 

Aydın, following the narrow plain of Buyuk Menderes River (historically the Maeander or Meander River) 

between the Aydin Mountains and continues 110 kilometers until the Aegean Sea where the Buyuk 

Menderes River pours into Aegean between the villages of Doğanbey and Batıköy.  The river bed opens 

to the wide and fertile Soke Plain starting from Aydın. The Soke Plain, with roughly 40k hectares of 

plantation area, is the second-largest cotton-growing region after Harran Plain, located in South East of 

Turkey.  

The Region accommodates some one million inhabitants living in major population centers such as Aydın, 

Germencik, and Soke. 

Located at the southern end of the Region, Lake Bafa used to be a gulf of the Aegean Sea until the classical 
period, when the sea passage was gradually closed by the alluvial mass brought by the Büyük Menderes 
River. The gulf, and later the lake, was named Latmus in antiquity. The southern shore of the lake is traced 
by the highway connecting İzmir to Bodrum. The northern shore of the lake, where steep slopes are 
covered by wild or semi-domesticated olive trees, is virtually untouched to this day. 

Natural Preserves 

The Region also houses two nature reserves, the Dilek Yarımadası Buyuk Menderes Delta National Wildlife 

Preserve and Lake Bafa Nature Park.  

Dilek Peninsula Büyük Menderes Delta National Wildlife 

Dilek Peninsula-Buyuk Menderes Delta National Park was established on May 19, 1966. The National Park 
contains within its borders the entire Dilek Peninsula as well as the large portion of Büyük Menderes 
River’s delta. The park is located in the Kuşadası district of Aydın.  
 
The National Park is among the most biologically diverse of Turkey’s national parks. It is the native and 
migratory habitat of hundreds of species of birds, mammals, plants, and marine life, some of which are 
entirely endemic to the park and cannot be observed anywhere else in the world. For these reasons, it is 
protected by numerous wildlife and wetland conventions and is of great national and international 
importance in these areas. 
 
The National Park covers an area of 27.598 ha in total land area, with a width of around 6 km from north 
to south and a length of 20 km east to west. It is located approximately 8 km from Davutlar, about 26 km 
from Kuşadası, and is directly adjacent to the town of Güzelçamlı.  
 
The National Park has a large diversity of vegetation. Due to the temperature and climate differences 
between different areas and elevations of the park, not only is the typical Aegean flora present, but also 
many specimens normally only found in separate coastal areas of Turkey, such as in the Mediterranean, 
Marmara, and the Black Sea regions. Out of the 804 species of flora found in the National Park, six 
are endemic, completely exclusive to the park area, while another 30 are indigenous.  
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28 species of mammals, 42 species of reptiles, and 45 fish species have been documented within the 
park. Sus scofa, a native wild boar to the Park along with other mammals like golden jackals (Canis aureus), 
Eurasion lynx (Lynx lynx), striped hyenas  (Hyaena hyaena) and caracals (Caracal caracal), can be found in 
the National Park.  

Lake Bafa Nature Park 

Lake Bafa and its surrounding are one of the important bird sanctuaries in Turkey. The west coast 
overlooking the Balat Plain of Lake Bafa is a shallow area where migratory birds stay and breed in autumn 
and spring. Also rich in fish and crayfish, a good quantity was sent to fishery cooperatives operating 
nearby. 

Lake Bafa was declared a nature reserve in 1994 as Lake Bafa Nature Park On the other hand, the changing 
chemical content and decreasing oxygen amount with the reduction and pollution of the river waters 
pouring into the lake caused the death of hundreds of thousands of fish and the ecosystem drifting into 
an irreversible junction. Apart from this, the disconnecting of the Büyük Menderes River from the lake, 
and the fact that the waste of olive oil factories built around the lake continued to be poured into the lake 
without treatment, has distorted the natural habitat. The Report investigates the seasonality of pollution 
and oxygen content to put forth the negative impact of olive oil factories on Lake Bafa’s water quality and 
therefore its ecosystem.   
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LAND COVER 
 

Land Cover is the physical material at the surface of the earth. Land covers include grass, asphalt, trees, 

bare ground, water, etc. The section consists of four subsections, Land Cover Map, Land Cover Change, 

Corine (CLC), and Waste Management. 

The Study has used CORINE Land Cover as the data source (land.copernicus.eu/pan-european/corine-

land-cover).    

Land Cover Map & Land Cover Change 

Land Cover Map represents spatial information on 

different types (classes) of physical coverage of the 

Earth's surface. The study covers artificial surfaces, 

agricultural areas, forests, wetlands and water 

bodies. Land Cover Map has been produced for 

1990, 2000, 2006, 2012 and 2018.  e.g. forests, 

grasslands, croplands, lakes, wetlands. Dynamic land 

cover maps include transitions of land cover classes 

over time and hence capture land cover changes. 

The study put forth changes in land use for a total 

area of 850.000 hectares between 1990 and 2018. In 

28 years, forests have been decreased from 438k 

hectares to 425k hectares where artificial surfaces 

including roads and buildings have been almost 

doubled, increasing from 15k hectares in 1990 to 28k 

hectares in 2018.  

Corine  

Corine stands for the “coordination of information 

on the environment” and is an inventory of land 

cover split into 44 different land cover classes. The 

study has categorized land use in 15 out of 44 

subcategories under 5 main groups. 

• Artificial Surfaces 

o 11. Urban Fabric 

o 12. Industrial, commercial, and 

transport units 

o 13. Mine, dumb, and construction 

sites 

o 14. Artificial, non-agricultural 

vegetated areas 

Figure 4: Detailed land cover analysis based on CORINE 

land cover in the years 1990-2018 

Figure 5: CORINE Land Cover of the target region in 1990. 

 

https://land.copernicus.eu/pan-european/corine-land-cover
https://land.copernicus.eu/pan-european/corine-land-cover


8  ATLA Project GIS Report 
April 2022 

• Agricultural Areas

o 21. Arable land

o 22. Permanent crops

o 23. Pastures

o 24. Heterogeneous agricultural areas

• Forests and Semi Natural Areas

o 31. Forests

o 32. Scrub and/or herbaceous vegetation associations

o 33. Open spaces with little or no vegetation

• Wetlands

o 41. Inland wetlands

o 42. Maritime wetlands

• Water Bodies

o 51. Inland waters

o 52. Marine waters

Waste Management 

Under the waste management section, the Study has located and marked waste management sites that 

have an impact on soil and water quality. Four categories of waste management sites have been covered; 

1. Discharge Points: A discharge point is a point at which the responsibility for a liquid passes from

one entity to another. 47 discharge points have been identified in the target region.

2. Solid Waste Storage Facility: Also known as a landfill site. A landfill site is a site for the disposal

of waste materials. A landfill is the most common form of waste disposal. Some landfill sites are

used for waste management purposes, such as temporary storage, consolidation, and transfer, or

for various stages of processing waste material, such as sorting, treatment, or recycling. Unless

they are stabilized, landfills may undergo severe shaking or soil liquefaction of the ground during

an earthquake. Once full the area over a landfill site may be reclaimed for other uses. 37 solid

waste storage facilities have been identified in the target region.

3. Urban Waste Water Treatment: Wastewater treatment is a process used to remove

contaminants from wastewater and convert it into an effluent that can be returned to the water

cycle. Once returned to the water cycle, the effluent creates an acceptable impact on the

environment or is reused for various purposes (called water reclamation). The treatment process

takes place in a wastewater treatment plant. Urban wastewater treatment is also called municipal

wastewater or sewage. 28 urban wastewater treatment facilities have been identified in the

target region.

4. Industrial Waste Treatment:  Industrial wastewater treatment describes the processes used for

treating wastewater that is produced by industries as an undesirable by-product. After treatment,

the treated industrial wastewater (or effluent) may be reused or released to a sanitary sewer or

to surface water in the environment. Some industrial facilities generate wastewater that can be

treated in sewage treatment plants. Most industrial processes, such as petroleum refineries,

chemical, and petrochemical plants have their own specialized facilities to treat their wastewaters

so that the pollutant concentrations in the treated wastewater comply with the regulations
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regarding disposal of wastewaters into sewers or into rivers, lakes, or seas.   This applies to 

industries that generate wastewater with high concentrations of organic matter (e.g. oil and 

grease), toxic pollutants (e.g. heavy metals, volatile organic compounds), or nutrients such 

as ammonia. Some industries install a pre-treatment system to remove some pollutants (e.g., 

toxic compounds), and then discharge the partially treated wastewater to the municipal sewer 

system. Sources of industrial wastewater include battery manufacturing, electric power 

plants, food industry, iron and steel industry, mines and quarries, nuclear industry, oil and gas 

extraction, organic chemicals manufacturing, petroleum refining and petrochemicals, pulp, and 

paper industry, smelters, textile mills, industrial oil contamination, water treatment, wood 

preserving. Treatment processes include brine treatment, solids removal (e.g. chemical 

precipitation, filtration), oils and grease removal, removal of biodegradable organics, removal of 

other organics, removal of acids and alkalis, removal of toxic materials. 14 industrial waste 

treatment facilities have been identified in the target region. 
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AGRICULTURE 
 

With more than 400k hectares of arable land, Buyuk Menderes Basin is one of the important 

agricultural regions of Turkey. While cotton is the most significant crop of the Buyuk Menderes 

Basin, the region is also famous for its fig orchards, olive trees, and organic fresh produce. With 

the Buyuk Menderes River, being the major water supply, the region’s farmers experienced no 

water shortages until the major hydrological drought in the summer of 2021. Almost 80% of fresh 

water supply is consumed by agriculture where cotton is the single most water-consuming crop 

due to its total plantation area and biological characteristics.  

The Study’s Agriculture section deep dives into three subcategories namely NDVI, Cotton 

Plantation Areas, and Vegetation areas.      

NDVI 

NDVI stands for normalized difference vegetation index. NDVI is a simple graphical indicator that can be 

used to analyze remote sensing measurements, often from a satellite or drone, assessing whether or not 

the target being observed contains live green vegetation.  

Live green plants absorb solar radiation in the photosynthetically active radiation (PAR) spectral region, 

which they use as a source of energy in the process of photosynthesis. Leaf cells have also evolved to re-

emit solar radiation in the near-infrared spectral region (which carries approximately half of the total 

incoming solar energy) because the photon energy at wavelengths longer than about 700 nanometers is 

too small to synthesize organic molecules. Strong absorption at these wavelengths would only result in 

overheating the plant and possibly damaging the tissues. Hence, live green plants appear relatively dark 

in the PAR and relatively bright in the near-infrared. By contrast, clouds and snow tend to be rather bright 

in the red (as well as other visible wavelengths) and quite dark in the near-infrared. The pigment in plant 

leaves, chlorophyll, strongly absorbs visible light (from 0.4 to 0.7 µm) for use in photosynthesis. The cell 

structure of the leaves, on the other hand, strongly reflects near-infrared light (from 0.7 to 1.1 µm). The 

more leaves a plant has, the more these wavelengths of light are affected, respectively. 

It can be seen from its mathematical definition that the NDVI of an area containing a dense vegetation 

canopy will tend to have positive values (say 0.3 to 0.8) while clouds and snowfields will be characterized 

by negative values of this index. 

Buyuk Menderes Basin was broken down into five agricultural regions; 

1. Tuzburgazi Region: 12,41k ha, located at the Delta. Salinity is the highest in this region. Cotton is 

the common crop in the Tuzburgazi Region. 

2. Sarikemer Region: 13,53k ha. Salinity is lower than in the Tuzburgazi region. Cotton and wheat 

are the common crops in the Sarikemer Region. 

3. Özbaşı Region: 20,86k ha. Soil characteristics are very similar to Sarikemer region. Cotton, wheat, 

and sunflower are the common crops in the Ozbasi region. 

4. Aydin-West Region: 36,05k ha. Soil pH becomes neutral in this region. Aydin-West region has the 

highest variety in crops like eggplants, okra, melon, and watermelon. 
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5. Aydin - East Region: 17,59k ha. Soil pH is neutral in this region. Cotton, corn, fig, olive, and tomato

are the common crops in the Aydin East region.

6. Cine Region: 16,12k ha. Soil pH is neutral in this region. Corn, cotton, and vegetables are the

common crops in the Cine region.

Figure 6: Agricultural Regions of Buyuk Menderes Region. 

Cotton Plantation Areas 

Cotton plantation areas have been 

calculated between 2017 and 2021. 

During the five-year period, the total 

cotton plantation area oscillated 

between 42.0k hectares in 2019 and 

22.8k hectares in 2021. 2019’s cotton 

plantation peak is due to the Ministry 

of Agriculture’s positive farmer 

support scheme for cotton whereas 

the bottom total cotton plantation 

figure of 22k hectares in 2021 is due to 

hydrological drought in the region.  

35.60

29.00

42.00

27.20
22.80

2017 2018 2019 2020 2021

Figure 7: Evolution of cotton plantation area. 
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GEOGRAPHY 

Elevation 

The elevation is the altitude above sea level. It is usually measured in meters. The elevation is 

shown on topographic maps in which elevation levels are represented by different bands of color.  

Elevation influences climate, as 

well as where and how people 

live. Most of the world's people 

live on coastal plains at elevations 

of 150 meters or less. In Tibet, a 

region in central Asia, people live 

at elevations as great as 5,334 

meters. Above this elevation, the 

climate becomes too cold for 

growing crops, and there is also 

not enough oxygen in the air to 

sustain human life. 

The coastal plains constitute more than 95% of the agricultural regions in Soke, and it 

corresponds to 38% of the total area of interest. While, sub montane and lower montane areas, 

where elevation is higher than 900 meters and less than 1900 meters, account for only 8%. 

Slope 

Slope can be defined as the angle, inclination, steepness, or gradient of a straight line. Slope often 

is used to describe the steepness of the ground’s surface. Similar to elevation, the slope is 

represented on a topographic map with different band colors. 

Figure 8: Elevation map of Buyuk Menderes Region. 

Figure 9: 

Slope Map of 

Buyuk 

Menderes 

Region. 
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The slope is base knowledge to help describe landforms, model surface run-off, characterize 

habitat, classify soil types, and model wildfire risk. Furthermore, the slope determines the 

influence of different agricultural practices on the environment. For instance, the effect of wild 

irrigation highly escalated when the slope is greater than 3% since the soil’s water retention 

capacity degenerates with the slope. 

In Soke, “almost flat” areas, areas where the slope is smaller than 3%, constitute 28.6% of the 

regions. The almost flat areas mainly correspond to the agricultural regions in Soke. 

Aspect 

In physical geography and physical geology, aspect is the compass direction or azimuth that a 

terrain surface faces. 

Aspect can have a strong 

influence on temperature. 

This is because of the 

angle of the sun in the 

northern and southern 

hemispheres which is less 

than 90 degrees or 

directly overhead. In the 

northern hemisphere, the 

north side of slopes is 

often shaded, while the 

southern side receives 

more solar radiation for a 

given surface area 

insolation because the slope is tilted toward the sun and isn't shaded directly by the earth itself. 

As a result, in the northern hemisphere, south-facing slopes become more xeric and warmer, 

supporting drought-resistant vegetation and less conducive, while north-facing slopes retain 

moisture and are cold and humid, supporting moisture-loving plants. 

Figure 10: Aspect Map of Buyuk Menderes Region. 
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SOIL QUALITY 

Soil quality is the capacity of a soil to function for specific land uses or within ecosystem 

boundaries. This capacity is an inherent characteristic of soil and varies from soil to soil. 

The study has used https://www.isric.org/ as the main data source. 

The soil quality section deep dives into six subcategories namely nitrogen, soil organic carbon, 

pH water, soil texture, salinity, and erosion risk. 

Nitrogen 

This section shows the soil 

nitrogen levels in Soke. It is 

measured in Cg/kg units. The 

spatial resolution is 250m. 

Nitrogen plays a crucial role 

within the plant to ensure 

energy is available when and 

where the plant needs it to 

optimize yield. Nitrogen is 

present in proteins and 

enzymes that have fundamental 

roles in plant metabolism. 

Based on the global nitrogen levels, 23% of 

Soke has very low nitrogen levels, while 76% 

has low levels. More importantly, the 

nitrogen level is relatively lower in 

agricultural areas. Two main factors cause 

relatively low nitrogen levels in agricultural 

areas. First, crops consume more nitrogen 

held through the nitrogen cycle. Second, wild 

irrigation can easily wash out the nitrogen 

available in the soil, which is the common 

irrigation practice in Soke. As a result, 

regenerative agricultural practices become 

crucial in Soke to retain nitrogen in 

agricultural soil to ensure healthy plant 

metabolism and yield. 

Figure 11: Soil Nitrogen Intensity of Buyuk Menderes Region 

Figure 12: Breakdown of Soil Nitrogen Intensity in Buyuk 

Menderes Region 

https://www.isric.org/
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Soil Organic Carbon 

This section shows the soil organic carbon levels in Soke. It is measured in Dg/Kg units. The spatial 

resolution is 250m.  

Soil organic carbon is the 

main component of soil 

organic matter. It gives soil 

its water-retention capacity, 

structure, and fertility. It also 

balances soil pH when soil pH 

is relatively high. It is 

especially important for the 

Soke region because salinity 

and high pH values are two 

of the most significant soil 

problems in the Soke. 

Soil organic carbon is the main component of soil organic matter. It gives soil its water-retention 

capacity, structure, and fertility. It also balances soil pH when soil pH is relatively high. It is 

especially important for the Soke region because salinity and high pH values are two of the most 

significant soil problems in the Soke. 

Based on the global soil organic carbon 

categorization, 97% of Soke has a relatively 

high level of soil organic carbon while 3% of 

Soke has relatively low levels. However, 

lower carbon sequestration capacity and 

wild irrigation practices cause declining soil 

organic carbon in the agricultural areas in 

Soke. The regenerative agricultural 

practices can help in carbon sequestration 

capacity that leads to better yields, lower 

erosion risk, and better soil structure. 

Figure 13: Soil Organic Carbon Map of Buyuk Menderes Region 

Figure 14: Distribution of Soil Organic Carbon in Buyuk 

Menderes Region 
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pH Water  

This section shows the pH water levels in Soke. It is measured in pH * 10 units. The spatial 

resolution is 250m. 

Soil pH is a measure of the 

acidity or basicity 

(alkalinity) of soil. Soil pH is 

considered a master 

variable in soils as it affects 

many chemical processes. 

It specifically affects plant 

nutrient availability by 

controlling the chemical 

forms of the different 

nutrients and influencing 

the chemical reactions 

they undergo. In Soke, 17% 

of the soil is relatively 

(moderately) acidic, while 

83% has neutral water pH. 

 

 

 

 

  

Figure 15: pH Water Map of Buyuk Menderes Region 

 

Figure 16: Breakdown of pH Water in Buyuk Menderes Region 
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Soil Texture 

This section soil texture classes in Soke. The spatial resolution is 250m. 

Heavy clay soils: These are 

fertile soils with high water 

holding capacity and low water 

permeability. The high amount 

of clay ensures the richness in 

plant nutrients and the 

permanence of fertilization. It 

warms up late. It is difficult to 

process. 

 

In Soke, 350 ha is heavy clay and it constitutes less than 1% of the whole region. 

Light clay soils: Since the amount of clay is lower, water permeability and water holding capacity 

are medium compared to heavy clay soils. 

In Soke, almost 200 ha is light clay soil, and it constitutes less than 1% of the whole region. 

Clay loam soils: Although it has loamy soil properties, it has a relatively higher water holding 

capacity thanks to its clay content. 

In Soke, almost 11k ha is clay loam soil, and it constitutes less than 13% of the whole region. 

Silty Loam Soils: It is a very fertile soil type because it is the perfect combination of sand, silt, and 

clay particles to support the growth of virtually all forms of plant life. As a result, it has a high 

water-holding capacity and permeability. 

In Soke, 68k ha is silty loam soil, and it 

constitutes more than 85% of the whole 

region. 

Loamy soils: Loamy soil is composed of 

clay, sand, and silt. Sand constitutes more 

than 50% and 30-50% of loamy soil is clay. 

Loamy soils are very suitable soils for 

agriculture. 

In Soke, 3k ha is silty loam soil, and it 

constitutes less than 1% of the whole 

region. 

Figure 17: Soil Texture Map of Buyuk Menderes Region 

Figure 18: Breakdown of Soil Texture Map in Buyuk Menderes 

Region 
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Salinity 

This section shows the soil salinity based on five classes in agricultural areas of Soke in 1986, 

1992, 2002, 2005, 2009, and 2016. 

Salt reduces water 

availability by holding 

water and distorts soil 

texture which together 

prevents plants get 

enough nutrients from 

the soil. As a result, 

high salinity has 

detrimental effects on 

plant growth and 

yields. Furthermore, 

when excessive amounts of salt enter the plant in the transpiration stream and injure leaf cells. 

Since plants are affected strongly, it ultimately increases the soil erosion risk. In Soke, Tuzburgazi 

region is known for high salinity as a result of seawater and wrong irrigation practices. 

Erosion Risk 

This section shows the soil erosion risk map in agricultural areas of Soke based on soil run-off 

capacity, slope, and vegetation intensity. It is estimated in the years 2006, 2013, and 2020. The 

spatial resolution is 250m. 

Soil erosion is a gradual 

process that occurs when 

the impact of water or 

wind detaches and 

removes soil particles, 

causing the soil to 

deteriorate. 

 

Figure 19: Soil Salinity Map of Buyuk Menderes Region 

 

Figure 20: Soil Erosion Risk in Buyuk Menderes Region 
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60% of the agricultural region in Soke 

has relatively low soil erosion risk, 

while relatively high-risk zones 

constitute 39%. Specifically, the 

coastline in the Soke has a relatively 

high erosion risk due to the soil’s run-

off capacity and vegetation intensity. 

Since soil run-off capacity and slope 

are (almost) static variables, changes 

in the erosion risk map are driven by 

the change in relative vegetation 

intensity. 

 

 

  

Figure 21: Breakdown of Soil Erosion Risk in Buyuk Menderes Region 
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WATER QUALITY OF LAKE BAFA 

To understand the influence of human activities on Lake Bafa’s water quality, the lake is divided 

into six sub-regions depending on the different levels of human interaction. 

Normalized Difference Chlorophyll Index (NDCI) is used to show chlorophyll concentration and 
algae bloom in a given water body. The higher NDCI value implies a higher algae concentration. 

The North region has the highest level of human interaction due to agricultural activities in the 
area. It results in higher NDCI values over the years. 

Furthermore, the NDCI value reaches peak levels during the summer. It shows that there is a 
negative relationship between the weirs, which are built on the river and closed periodically for 
irrigation, and the health of Bafa Lake. The closed weirs prevent freshwater flow to the lake and 
cause algae blooms in Lake Bafa. 

 

  

Figure 22: Water Quality Regions of Lake Bafa 
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CLIMATE 

In this section, the information provided for each climatic variable (except for the water budget), 
consists of annual averages, 10-year moving averages, and monthly data for the Soke and Buyuk 
Menderes region in the years between 1981-2020. The interpretation of the fluctuations and 
trends is possible thanks to the yearly average and moving average provided for the region and 
the covered period. Moving averages are determined by creating a series of averages of different 
subsets of the dataset. For instance, 10-year moving averages are provided, that is average of 
the last ten years’ observations. Furthermore, higher frequency data i.e., monthly observations 
for each year, is provided in a separate section to enable a more detailed investigation. Finally, 
the water budget is calculated based on hydrological years. It shows the net water budget for the 
Soke and Buyuk Menderes region in the years between 1981 and 2019. 

Precipitation 

It is a well-known fact that precipitation can have wide-ranging impacts on human well-being and 
ecosystems in general. It is because rainfall, snowfall, and the timing of snowmelt can have an 
effect on the availability of surface water and groundwater in terms of drinking, irrigation, and 
industrial necessities. In addition, they affect river flooding and what types of animals and plants 
(including crops) can survive in a particular place depends on them. A wide range of natural 
processes can be disrupted by the changes that occur in normal precipitation levels, particularly 
if these changes occur more quickly compared to the time required for the adaptation of plant 
and animal species. 

The graph indicates the annual 
precipitation and the 10-year moving 
average for Soke and Buyuk Menderes 
region in the period 1981-2020. It is 
observed that there is not a clear long-
term trend in precipitation over the 
years. Nevertheless, significant 
deviations from the long-term trend 
have been observed frequently.  

From a global perspective, the higher 
the average temperatures at the 
Earth’s surface the more evaporation 
occurs, which, in turn, leads to an 
increase in overall precipitation. 
Hence, it is expected that a warming 
climate increases precipitation in 
many areas. However, there exists a 
variation in the precipitation effects of climate change just as precipitation patterns vary across 
the world. For instance, by altering the wind patterns and ocean currents that drive the world’s 

Figure 23: Annual Precipitation and the 10-year Moving Average for 

Soke and Buyuk Menderes Region in 1981-2020 
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climate system, climate change is also expected to cause some areas to experience decreased 
precipitation. In addition, higher temperatures lead to more evaporation, so increased 
precipitation will not necessarily increase the amount of water available for drinking, irrigation, 
and industry. 

The stable precipitation does not imply that the negative effects of global warming do not exist. 
Soke faces the west coast of the Aegean and the Mediterranean Sea. As a result of global 
warming, the sea surface temperature has been rising, and it causes convective storms. The 
convective storms lead to the change in precipitation regime, which in turn increases the 
possibility and frequency of severe precipitation in the Soke region. 

As seen on the map, as expected, the coastal west and south side of the Soke and Buyuk 

Menderes region tend to have higher precipitation levels compared to the terrestrial northern 

and eastern areas. 

 

 

 

 

 

 

 

 

 

 

Based on the monthly analysis over the years, it is seen that Soke and Buyuk Menderes regions 

tend to have higher precipitation levels in autumn and winter, whereas the levels are low in 

summer, even though the particular month that the precipitation levels are the highest changes 

depending on the year. For the past 5 years, the highest precipitation levels are observed mostly 

in December with an average of 79.72 mm. 

Figure 24: Annual Precipitation Map for Soke and Buyuk Menderes Region in 2020 (mm) 
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In order to compare the observations specific to the Soke and Buyuk Menderes region, the overall 

averages of Turkey for the last 10 years are as follows: 

Figure 25: Monthly Precipitation Averages for Turkey in 2012-2021 (mm) 

 

Figure 26: Annual Precipitation Averages for Turkey in 2012-2021 (mm) 
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Wind 

In meteorology, wind speed, or wind flow speed, is a fundamental atmospheric quantity caused 

by air moving from high to low pressure, most of the time because of the shifts in temperature 

levels. Wind speed has an impact on the growth and metabolism rate of many plant species and 

also it has countless other implications such as weather forecasting, aviation, and maritime 

operations, construction projects.  

The graph shows the annual mean wind 

speed and the 10-year moving average 

which is 0.7 m/s for Soke and Buyuk 

Menderes region from 1981 to 2020. 

There has not been a strong long-term 

trend over the years. The 10-year moving 

average line shows that the spatial average 

of wind speed decreased. However, it is 

about a few centimeters, and 

meteorologically it can be considered 

negligible. Wind speed is a meteorological 

variable with very high fluctuations. 

Therefore, it should be noted that the wind 

speed averages are unable to summarize 

the characteristics of the wind. 

 

 

Figure 27: Annual Mean Wind Speed and the 10-year Moving 

Average for Soke and Buyuk Menderes Region in 1981-2020 

 

Figure 28: Annual Mean Wind Speed Map for Soke and Buyuk Menderes Region in 2020 (m/s) 
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Temperature  

The graph shows the annual mean 
temperature and the 10-year moving average 
for Soke and Buyuk Menderes region from 
1981 to 2020. There is an increasing trend in 
temperature in the years 1981-2020. Since 
1981, the annual average temperature has 
increased by 14%, from 13.1⁰C in 1981 to 
14.9⁰C in 2020. Furthermore, the 10-year 
moving average provides a clear 
representation of the increasing long-term 
trend we have been experiencing due to 
global warming. Combining with increasing 
potential evapotranspiration and irregular 
precipitation regimes, sustainable and 
efficient agricultural policies become more 
crucial for the region. 

 

Based on the monthly analysis over 

the years, it is seen that Soke and 

Buyuk Menderes regions tend to 

have higher temperature levels in 

June, July, and August., whereas the 

levels are low in winter, even though 

the particular month that the 

precipitation levels are the highest 

changes depending on the year.  

As seen in the map, as expected, the 

area near the coastal west and south 

side of the Soke and Buyuk 

Menderes region tends to have 

higher temperature levels compared 

to the terrestrial northern and 

eastern areas. 

 

 

Figure 29: Annual Mean Temperature and the 10-year 

Moving Average for Soke and Buyuk Menderes Region in 

1981-2020(°C) 

 

Figure 30: Annual Mean Temperature Map for Soke and Buyuk Menderes 

Region in 2020 (°C) 
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Potential Evapotranspiration 

The graph shows the annual mean potential evapotranspiration and the 10-year moving average 
for Soke and Buyuk Menderes region from 1981 to 2020. 

Potential evapotranspiration shows 
the maximum evapotranspiration by 
assuming there is no water scarcity in 
the region. Potential 
evapotranspiration is highly correlated 
with temperature. The higher 
temperature causes higher potential 
evapotranspiration; it makes proper 
water usage more essential. There is a 
clear increasing long-trend in potential 
evapotranspiration. Since 1981, 
potential evapotranspiration has risen 
by 3.9%, from 1175.6 mm in 1981 to 
1221.4 mm in 2020. Therefore, proper 
water usage becomes increasingly 
crucial for the area. Furthermore, a 
detailed water budget analysis can be 
seen in the Water Budget section. 

Figure 31: Annual Mean Potential Evapotranspiration and the 10-year 

Moving Average for Soke and Buyuk Menderes Region in 1981-2020 

Figure 32: Annual Mean Potential Evapotranspiration Map for Soke and Buyuk Menderes Region in 2020 
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Soil Moisture Content  

The graph shows the annual 

average of soil moisture content 

and the 10-year moving average 

for the Soke and Buyuk 

Menderes region from 1981 to 

2020. Drought generally 

consists of three phases. First, it 

starts with precipitation. In the 

second phase, hydrological 

drought occurs. Finally, 

agricultural drought takes place. 

Soil moisture content is the 

primary indicator of agricultural 

drought. 

There isn’t a clear increasing or 

decreasing trend in soil 

moisture content. However, we 

have been observing frequent 

deviations from the long-term 

average. When the annual 

average deviates from the 10-

year average downward, we 

experience an agricultural 

drought phase 

Therefore, in the periods around 
1992, 2001, 2008, and 2018, the 
Soke region has experienced 
agricultural drought seasons. To 
better cope with agricultural 
seasons, farmers should adopt 
more sustainable and eco-
friendly agricultural practices. 

 

 

 

 

Figure 33: Annual Average of Soil Moisture Content and the 10-year Moving 

Average for Soke and Buyuk Menderes Region in 1981-2020 

 

Figure 34: Annual Average of Soil Moisture Content Map for Soke and Buyuk 

Menderes Region in 2020 
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Water Budget 

 

The graph shows the 
precipitation, potential 
evapotranspiration, and 
water budget from 1981 to 
2019. The water budget is 
estimated to understand the 
water equilibrium in the area 
of interest. It is determined 
based on precipitation and 
potential evapotranspiration 
in a hydrological year. Since 
1981, Soke has always been in 
a water budget deficit. The 
deficit fluctuates between -
200mm to -800mm. Total 
precipitation is the main 
driver for the fluctuations 
because potential 

evapotranspiration has a 
relatively lower standard 
deviation. 

 

 

 

 

 

  

Figure 35: Precipitation, Potential Evapotranspiration, and Water Budget for Soke 

and Buyuk Menderes Region in 1981-2020 
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ECOSYSTEM SERVICES  
 

Water Yield Map  

The water yield map indicates the soil’s 
potential water retention capacity after run-
off begins. Water yield is calculated based on 
the run-off curve number. The lower water 
yield capacity increases erosion risk, 
transportation of water pollutants and 
agricultural chemicals, and ultimately leads to 
ecosystem disturbance. The scale of water 
retention capacity is specified as; 0-0.20 is very 
low, 0.2-0.56 is low, 0.56-0.92 is average, 0.92-
1.27 is high and 1.27-1.63 is considered very 
high. According to the calculations from 2019, 
74.53% of the Buyuk Menderes has very high 
soil potential water retention, while only 
0.16% of the region has very low levels. 3.9% 
of the area is classified as low, 2.15% is average 
and 19.26% is high. In terms of total area, 
1925k ha has a very high soil potential water 
retention, while 497k ha has a high soil 
potential water retention. 55k ha has a low soil 
potential water retention, while 100k ha is 
classified as very low.  

As seen from the map, it 
can be inferred that the 
areas with dangerously 
low water retention 
capacity are located in the 
northwest and at the 
center of the area and they 
consist of small and 
distributed areas.  

 
 

0.16% 3.9% 2.15%

19.26%

74.53%

Very Low Low Average High Very High

Figure 36: Breakdown of Soil Potential Water Retention 

Capacity in 2019 in the Buyuk Menderes Region 

 

Figure 37: Water Yield Map in 2019 in Buyuk Menderes Region (%) 
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Carbon Sequestration  

Carbon sequestration refers to the process of 
capturing and storing atmospheric carbon 
dioxide. It is considered one of the methods of 
reducing the amount of carbon dioxide in the 
atmosphere in order to alleviate global climate 
change. The carbon sequestration is estimated 
based on the biomass intensity throughout the 
year.  The scale of carbon sequestration 
capacity is specified as; 0 to -1 is very low, from 
-1 to -2 is relatively low, from -2 to -3 is 
relatively high, and from -3 to -4 is considered 
very high. According to the calculations for 
2020, the extreme cases are observed as 5.8% 
of Soke has a very high carbon sequestration 
level while 3.53% of the region has very low 
levels. 37.13% of the area is classified as 
relatively low, whereas 53.54% is classified as 
relatively high. In terms of total area, 350k ha 
has a relatively high carbon sequestration capacity, while 38k ha has a very high carbon 
sequestration capacity. 244k ha has a relatively low carbon sequestration capacity, while 23k ha 
has a very low carbon sequestration capacity. 

In addition, the map 
demonstrates carbon 
sequestration levels 
that are available for 
the years 2006, 2013, 
and 2020.  
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Figure 38: Carbon Sequestration in 2020 in Soke Region 

 

Figure 39: Carbon Sequestration Map in 2006 in Soke Region 
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Figure 40: Carbon Sequestration Map in 2013 in Soke Region

Figure 41: Carbon Sequestration Map in 2020 in Soke Region 
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Climate Regulation 

Climate Regulation indicates the annual 
mean surface temperature and the 10-
year moving average for Soke and Buyuk 
Menderes region in the years between 
1981 and 2020. It should be noted that 
although temperature and surface 
temperature are highly correlated, 
surface temperature should be 
investigated separately to have a better 
understanding of soil moisture and frost. 
Since 1981, the surface temperature has 
increased by 12%, from 13.2⁰C in 1981 to 
14.8⁰C in 2020. A clear representation of 
the increasing long-term trend of the 
annual surface means the temperature 
in the Soke region can be seen through 
the 10-year moving average which has 
increased by approximately 10% from 
12.9⁰C to 14.2⁰C steadily in the period between 1990 and 2020. During the same period, the value 
of the annual mean surface temperature has declined below the moving average only for 8 years 
and on average it decreased by 0.4⁰C. It can be said that it is the impact of global warming as the 
additional energy from a warmer atmosphere radiates back down to the surface, surface 
temperatures have a tendency to rise. 

Delta Sustainability 

Buyuk Menderes Delta boundary is 
determined by exploiting Automated 
Water Extraction Index from 2006 to 
2020. The historical change in the delta 
boundary is demonstrated in the graph. 

It can be inferred that the total area of 
the Buyuk Menderes Delta boundary has 
stayed relatively stable since 2006. It was 
1.51k ha in 2006 and 1.48k ha in 2020. In 
addition, it is observed that in 2013 the 
total area has reached its maximum 
which is 1.64k ha. Nevertheless, there is 
no significant change in total delta area 
to impact delta sustainability. 

Figure 42: Annual Mean Surface Temperature and the 10-year 
Moving Average for Soke and Buyuk Menderes in 1981-2020 

Figure 43: Delta Boundary for Buyuk Menderes in 2006-2021 (k ha) 


