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ABSTRACT

Lake Seyfe is a shallow lake 30 km east of the city center of Kırşehir with an average surface 
area of 34 km2 and located 1110 m above sea level. Due to various interventions (via drainage 
and/or irrigation channels, groundwater withdrawal with wells, agricultural activities, domes-
tic wastes, etc.) in Seyfe Lake and its surroundings from 1960s to the present, natural functions 
of the lake have been deteriorated. As a result of the aforementioned actions and changes such 
as water elevation, shrinking lake surface area, decrease in volume and changes in surface 
temperature were observed in the lake. In this paper, the seasonal changes in the surface tem-
perature distribution of Seyfe Lake were analyzed with the Geographical Information Systems 
(GIS) using multi-band Landsat satellite images from various years. In September 1990, the 
lake surface temperature varied between 10.94-24.14 °C while it varied between 12.36-26.67 
°C in May 1990. In May 2020, the temperatures varied between 16.31-34.06 °C, and in Septem-
ber 2020, it varied between 25.67-29.67 °C. When the lake surface temperature distribution 
was analyzed; it was determined that lower temperatures were observed in the northern parts, 
which are usually the deepest parts of the lake, while the temperature increased towards the 
central and coastal parts of the lake. However, it was seen that lake surface temperature has 
been affected by both climatic conditions and anthropogenic activities from the past to the 
present.

Cite this article as: Yurteri C, Kurttaş T. Determination of surface temperature in water bodies 
with the use of multiband landsat satellite images: Case study of Seyfe Lake. Sigma J Eng Nat 
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INTRODUCTION 

With the effect of climatic changes and global warm-
ing processes, changes in land surface temperature are 
observed. With these processes, rapid population growth, 

reduction of green areas and increasing construction has 
started to threaten the natural ecological system, climate, 
individual and industrial efficiency. As it is known, the use 
of fossil fuels, industrialization and the widespread use of 

https://orcid.org/0000-0002-4944-0168
https://orcid.org/0000-0003-1426-566X
http://creativecommons.org/licenses/by-nc/4.0/


Sigma J Eng Nat Sci, Vol. 41, No. 6, pp. 1144−1156, December, 2023 1145

industrial agriculture cause an increase in the temperature 
on the land surface. From all these processes, the water 
bodies on earth (lakes, inland seas, oceans, rivers, etc.) are 
also affected. Lakes are sensitive water bodies and are very 
open systems to global climate changes and eutrophication 
processes. Lake water surface temperature is an important 
variable used to examine the functioning of the lake eco-
system and the reaction of the lake environment to climatic 
changes [1]. Water Surface Temperature (WST) is a result 
of energy balance on the water surface and heat transfer 
mechanisms within the water body [2]. It is also seen that 
the temperature change in the lake surface water affects the 
chemical and physical properties of the lake and the speed 
of biochemical activities in the lake environment [3]. Land 
Surface Temperature (LST) is an important indicator that 
controls the energy balance between the atmosphere and 
the earth and is identified as the radiative temperature of the 
earth [4]. Today, remote sensing studies carried out using 
thermal bands to determine the land surface temperature 
and the surface temperature of water bodies have become 
quite widespread. It has been observed that there are many 
studies to determine the temperature in both land areas 
and water bodies using remote sensed images in thermal 
infrared band [5-10]. The fact that thermal remote sensing 
data is both costless and the accuracy of the remote sensed 
images for large areas in different time periods is high and 
most importantly, easy to access provides significant con-
venience in the studies. With these images, it has become 
possible to determine the surface temperature distribution 
in land and sea areas. There are many methods in the lit-
erature for calculating the land surface temperature using 
thermal bands. In these studies, it is seen that the surface 
temperature distribution is determined by the researchers 
by developing various algorithms (temperature/emissivity 
separation method, single channel method, single window 
algorithm, split window method, land surface tempera-
ture algorithm, etc.) [11-16]. The data produced are widely 
used in studies carried out in disciplines such as ocean and 
marine sciences, meteorology, hydrogeology, hydrology, 
environmental geology, agriculture and forestry (plant, 
product pattern change, land use), spatial planning, etc. 

When the studies carried out in the lake area and its 
surroundings in the past were examined, it was deter-
mined that a limited number of remote sensing researches 
were carried out in Seyfe Lake and its basin [17,18]. The 
researchers evaluated the change of the lake surface area 
for different years with spectral water index (NDVI), unsu-
pervised classification and visual interpretation methods. 
There is no study in the literature to determine the sea-
sonal change of Seyfe Lake surface temperature distribu-
tion using thermal bands using remotely sensed data. And 
also Seyfe Lake is one of the most important wetlands of 
Turkey. Wetlands, formed by natural processes, with the 
numerous plant and animal species they host, are import-
ant reservoirs. They are also fragile ecosystems in which the 
effects of climate change and anthropogenic activities are 

observed dynamically [19]. Seyfe Lake is located in a closed 
basin and the lake area and its surroundings are a Ramsar 
site and have the status of “Natural Site First Degree” and 
“Protected Natural Area”. Despite having these protection 
statuses, due to the anthropogenic activities (uncontrolled 
groundwater extraction, drainage and irrigation channels, 
agricultural activities, discharge of domestic and industrial 
waste) since the 1960s, natural functioning of the Seyfe 
Lake was disturbed, and now it is struggling against drying 
up and even disappearing. According to the old and recent 
satellite imagery of Seyfe Lake area and the literature, the 
persisting shrinkage of lake area and increasing of the water 
surface temperature over the years in the lake area. 

Seyfe Lake is located Seyfe Closed Basin. Lakes, play an 
active role in the hydrological cycle and an integral part of 
wetland environments, are important reservoirs. They have 
positively impacted on surface water and groundwater sup-
plies. The role of lakes in the hydrological cycle is intimately 
related to water quality, temperature, volume of stored 
water, groundwater recharge, ecosystem maintenance, and 
shoreline of the lake area. For these reasons, lakes have sig-
nificant benefits (economic, social, and environmental) for 
the communities.

In the present research, the main objectives of this study 
are; (i) to determine the temporal and spatial variations in 
seasonal temperature of the lake surface area from Landsat 
imagery by using remote sensing techniques and (ii) to 
evaluate the effects of climate and anthropogenic factors on 
lake surface temperature. 

According to that approaches, the seasonal (in May 
and September) distribution of the surface temperature of 
Seyfe Lake from 1990 to 2020 was determined in the GIS 
environment. Landsat multi-band satellite images (Landsat 
8 OLI/TIRS, Landsat 5 TM) were used as remote sensing 
data. In this context, firstly, the area covered by the lake sur-
face from 1990 to 2020 was determined by the Modified 
Normalized Difference Water Index method (MNDWI) 
proposed by Xu [20]. Then, the lake surface temperature 
was determined using the thermal bands of Landsat 5 and 
Landsat 8 satellites. Seasonal lake surface temperature 
distribution was created in the Geographic Information 
Systems (GIS) by masking the lake surface areas and the 
LST maps obtained. In addition, the relationship between 
the density of vegetation in the lake area and its surround-
ings and the land surface temperature was interpreted. The 
steps of the method used are presented in the Material and 
Method section. 

MATERIALS AND METHODS

Research Area Profile
The research area covers Seyfe Lake and its surround-

ings, located at an altitude of 1110 m from the sea, 30 km 
east of Kırşehir city center. Seyfe Lake, which has an average 
surface area of 34 km2, is located between 34°22’-34° 30’ 



Sigma J Eng Nat Sci, Vol. 41, No. 6, pp. 1144−1156, December, 20231146

East longitudes and 39° 11’-39°14’ North latitudes (Figure 
1). The lake is located in Seyfe closed basin and there is no 
outflow from the lake. The lake area is recharged by precip-
itation that fall onto the lake and /or into the basin, surface 
flow and feeding from aquifer units in the lake basin. The 
discharge of the lake takes place through evaporation and 
drainage channels. The lake is a shallow lake and the deep-
est part of the lake is determined as the north of the area 
with 1.95 m within the scope of bathymetric evaluations. 

Seyfe Lake and its surroundings from the 1960s to the 
present day due to various interventions (drainage or irri-
gation channels, wells and groundwater attraction, agri-
cultural activities, discharge of domestic wastes, etc.) the 
natural functioning of the lake has deteriorated. In addi-
tion, it is thought that the change in land use over the years 
in Seyfe Basin, where the lake area is located, is very effec-
tive in changing the surface temperature distribution.

Satellite Data 
Within the scope of the study, multi-band Landsat 5 TM 

and Landsat 8 OLI/TIRS multi-band satellite images were 
used as remote sensing data. Satellite images were down-
loaded from the Earth Explorer portal of the United States 

Geological Survey Centre (USGS) [21]. Landsat 5 TM and 
Landsat 8 OLI/TIRS satellites are widely used to determine 
the temperature distribution using thermal bands. The 
Landsat 8 satellite, which uses remote sensing images within 
the scope of the study, has an orbit synchronized with the 
sun at an altitude of 705 km sent to space in February 2013 
and rotates around the world in 98.8 minutes. The satel-
lite has 2 detection sensors, the Operational Land Imager 
(OLI) and the Thermal Infrared Sensor (TIRS). In NDVI 
and MNDWI analyses, the Landsat 8 satellite had a spatial 
resolution of 30 meters in the OLI sensor, 4. (Red), 5. (Near 
Infrared), 3. (Green) and 6. (Short Wave Infrared) multi-
spectral bands were used. The path and row of the Landsat 
images are 176 and 033, respectively. In determining the 
temperature distribution, the thermal band number 10 
with a spatial resolution of 100 meters in the TIRS sensor 
was used. Another data source, the Landsat 5 TM satel-
lite, has 2 (Green), 5 (Short Wave Infrared), 3 (Red) and 4 
(Near Infrared) multispectral bands with a resolution of 30 
meters. In determining the LST, the thermal band number 
6 with a spatial resolution of 120 meters was used (Table 
1 and Table 2). All images used were selected to represent 
different seasonal periods, with cloud-free.

Figure 1. Location map of Seyfe Lake and its surroundings.
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Methodology
In this research, the surface temperature distribution 

of Seyfe Lake was determined in several steps in May and 
September of 1990 and 2020 using Landsat 5 TM and 
Landsat 8 OLI/TIRS multi-band satellite images. Basically, 
the temperature distribution was determined in the GIS 
environment on the basin scale with ArcMap 10.4.1 soft-
ware using the Land Surface Temperature Algorithm, and 
the lake area was masked. The processes related to the 
method followed are given in Figure 2 as a flow chart. 

Derivation of spectral radiance values from pixel values
The first step in determining the temperature distribu-

tion for the study area is to convert the pixel values into 
radiance values. The pixel value known as Digital Number 
(DN) includes the electromagnetic energy value reflected 
from any region [22]. These raw values need to be pro-
cessed by turning them into physically meaningful data. For 
this reason, it is necessary to derive the spectral radiance 

values by using radiometric scaling factors of the pixel val-
ues of thermal images. The following equation proposed by 
Chander et al., [22] is used for the conversion to radiance 
value using the pixel values of the thermal infrared band, 
which is the 6th band of Landsat 5 TM images (Equation 1).

  (1)

Lmin and Lmax in this equation refers to: The minimum 
and maximum radiance values scaled according to Qcalmin 
and Qcalmax, Qcalmax: Calibrated maximum brightness 
value, Qcalmin: Calibrated minimum brightness value, Qcal: 
Quantized and calibrated pixel value of the satellite image 
and Lλ: Spectral Radiance Value W/(m2 * sr * μm). 

The Lmax, Lmin, Qcalmax and Qcalmin parameters 
used in the calculations are taken from the MTL coded 
metadata file of the satellite data. The values of the parame-
ters used in the equation for the Landsat 5 satellite are given 
in Table 3.

Table 1. Characteristics of the bands used as remote sensing data in the study

Landsat 8 OLI/TIRS Landsat 5 TM 

Bands Wavelength (µm) Bands Wavelength (µm)
Band 2-Blue 0.45-0.51 Band 2-Green 0.52 - 0.60
Band 3-Green 0.53-0.59 Band 3- Red 0.63 - 0.69
Band 4- Red 0.64-0.67 Band 4-Near Infrared 0.76 - 0.90
Band 5-Near Infrared 0.85-0.88 Band 5- Shortwave Infrared 1.55 - 1.75
Band 6-SWIR-1 1.57-1.65 Band 6-Thermal Infrared 10.40 - 12.50
Band 10-TIRS-1 10.6-11.19

Table 2. Satellite images and features used for thermal remote sensing studies in the study area

Acquisition
Date

Path/Row Satellite/Sensor Thermal
Band

Radiometric
Resolution (bits)

Spatial
Resolution (m)

Temporal
Resolution (day)

08.05.1990 176/033 Landsat 5 TM 6 8 30 16
21.09.1990 176/033 Landsat 5 TM 6 8 30 16
14.05.1995 176/033 Landsat 5 TM 6 8 30 16
03.09.1995 176/033 Landsat 5 TM 6 8 30 16
11.05.2000 176/033 Landsat 5 TM 6 8 30 16
16.09.2000 176/033 Landsat 5 TM 6 8 30 16
25.05.2005 176/033 Landsat 5 TM 6 8 30 16
14.09.2005 176/033 Landsat 5 TM 6 8 30 16
07.05.2010 176/033 Landsat 5 TM 6 8 30 16
28.09.2010 176/033 Landsat 5 TM 6 8 30 16
05.05.2015 176/033 Landsat 8 TIRS 10 16 100 16
26.09.2015 176/033 Landsat 8 TIRS 10 16 100 16
18.05.2020 176/033 Landsat 8 TIRS 10 16 100 16
07.09.2020 176/033 Landsat 8 TIRS 10 16 100 16
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Landsat 8 TIRS images have two thermal infrared bands 
(10th and 11th bands). However, for the purpose of this 
study, only the pixel values of the band number 10 are used. 
Accordingly, the following equation proposed by USGS, 
[23] is used for the conversion of the band 10 to radiance 
values using the pixel values (Equation 2).

  (2)

In this equation, Lλ refers to the Spectral Radiance value 
(W/(m2 *sr *μm)), Qcal refers to the calibrated standard 
pixel value of the satellite image, AL refers to the Radiance 
additional rescaling factor for the processed band, and ML 
refers to the Radiance multiplicative rescaling factor for the 
processed band. 

AL and ML parameters are taken from the metadata file 
of the satellite with MTL extension (Table 4). All equations 

used were obtained from the user manuals of Landsat 5 TM 
and Landsat 8 OLI/TIRS satellites.

Derivation of brightness temperatures from spectral 
radiance values

As the second step in determining the lake surface 
temperature distribution, the radiance values of Landsat 5 
TM and Landsat 8 TIRS satellites in thermal band sensors 
should be converted to brightness temperature values. In 
this regard, the following equation proposed by Chander et 
al., [22] is used. The thermal variability coefficients in the 
equation are obtained from the MTL coded metadata file. 

  (3)

In this equation, Lλ refers to the spectral radiance value, 
K1 and K2 refers to the first and second thermal conversion 
constants of the satellites, and TB refers to the brightness 
temperature value (ºC) (Equation 3). And also brightness 
temperature value is converted to the widely used unit 
Celsius, by adding absolute zero. The K1 and K2 conversion 
constants used for Landsat 5 and Landsat 8 are given in 
Table 5. 

Table 3. Parameter values used in the conversion calculations for the thermal band of the Landsat 5 satellite

Lmax Lmin Satellite/Sensor Band Qcalmin Qcalmax

15.303 1.238 Landsat 5 TM 6 1 255

Table 4. Values of the parameters used in the conversion 
calculations for the thermal band of the Landsat 8 satellite

ML Satellite/Sensor Band AL
0.0003342 Landsat 8 TIRS 10 0.10000

Figure 2. Flow chart for determining the temperature change of the lake surface area with satellite images.
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Although the results obtained according to this equa-
tion are temperature data, it is stated that it does not rep-
resent the actual surface temperature [24]. For this reason, 
land surface emissivity (ε) correction was needed and 
the real land surface temperature was reached by making 
emissivity corrections. The corrected land surface emissiv-
ity calculation was calculated by deriving from the NDVI 
index and Vegetation Proportion (Pv) parameters. For this 
reason, NDVI and Vegetation Proportion components were 
calculated before the emissivity calculation was made. 

Normalized difference vegetation index (NDVI) 
NDVI index should be calculated in order to determine 

the land surface emissivity within the scope of the study. 
NDVI method refers to the reflection values of vegetation 
in nature. While plants give low reflection values in the 
visible red band (red) region, they give high values in the 
near infrared band (NIR). These bands correspond to 3rd 
(0.63 -0.69 μm) and 4th (0.76- 0.90 μm) bands of Landsat 
5 TM satellite, and 4th (0.64-0.67 μm) and 5th (0.85-0.88 
μm) bands of Landsat 8 OLI/TIRS satellite. The ratio of the 
difference between these bands and their sum is equal to 
the NDVI index (Equation 4). 

  (4)

In this equation NIR and Red refer to the reflectance of 
the Near Infrared and the Red bands, respectively. NDVI 
index values vary between -1 and 1 [25]. It is stated that 
where this value is close to 1, green and healthy vegetation 
is high, and places between -1 and 0 point to areas with 
weak and no vegetation [25]. The reflection value of the 
NDVI value was used in the analyses made for the study 
area. The NDVI value obtained with the help of Equation 
4 was used in the calculations of vegetation proportion and 
land surface emissivity. 

Determination of vegetation proportion (Pv) from 
NDVI index

Another parameter required to determine the land sur-
face emissivity is the vegetation rate. The vegetation ratio 
corresponds to the percentage of green vegetation in a pixel 
[26]. The Vegetation Proportion for the study area was cal-
culated with the equation proposed by Carlson and Ripley 
[26] using the minimum and maximum values of the NDVI 
index calculated for the study area (Equation 5). 

  (5)

The Vegetation Proportion calculated for the study area 
was calculated with the help of Equation 5 and used in land 
surface emissivity calculations. 

Calculation of land surface emissivity (ε)
One of the parameters required to calculate the land 

surface temperature is the land surface emissivity. Land 
surface emissivity is a measure of the radiation and absorp-
tion capacities of surfaces [27]. There are many equations 
in the literature for the calculation of surface emissivity. 
Emissivity value within the scope of this study has been 
calculated by using land vegetation (NDVI) values. In the 
NDVI analysis made for the study area, the equation pro-
posed by Wang et al., [11] and the emissivity calculation 
were made because the field represented a pattern of mixed 
vegetation and bare soils (Equation 6). 

  (6)

The land surface emissivity was calculated using the 
NDVI index and Vegetation Proportion (Equation 4 and 
Equation 5) parameters for the study area. 

Calculation of land surface temperature
After determining the corrected land surface emis-

sivity for the study area, the real surface temperature was 
calculated. This value is calculated with the help of the 
land surface temperature algorithm proposed by Artis 
and Carnahan, [16] which includes land surface emissiv-
ity, thermal band and black body radiation parameters 
(Equation 7). 

  
(7)

In this equation, LST indicates Land surface tempera-
ture (Kelvin), Tb: Sensor brightness temperature value 
(°C), ε: Land surface emissivity, C2: (h×c)/s = 1.44 x 10-2 

mK, s: Stefan Boltzmann Constant (1.3806 x10-23 J/K), λ: 
Wavelength to thermal band (10.89 μm for Landsat 8, 11.45 
μm for Landsat 5), c: Velocity of light (2.99x 108 m/s) and h: 
Planck’s Constant (6.63x10-34 J.s) values. 

Delineating of lake area by using mndwi (modified 
normalized difference water index) 

After determining the land surface temperature for the 
basin, the lake surface area was delineating by MNDWI 
method and distributed the LST by masking the lake area. 

Today, with the developing satellite technology, the 
surface area boundaries of water bodies in various parts 

Table 5. Thermal conversion constant values of Landsat satellites and characteristics of the used bands

Satellite/Sensor K1 K2  Band Wavelength (µm)
Landsat 5 TM 607.76 1260.56 B6 11.45
Landsat 8 TIRS 774.89 1321.08 B10 10.89



Sigma J Eng Nat Sci, Vol. 41, No. 6, pp. 1144−1156, December, 20231150

of Turkey and the world can be determined by spectral 
water index equations. Spectral water indices (MNDWI, 
Normalized Difference Water Index (NDWI)) are widely 
used in lakes and wetlands, especially in the delineation of 
water bodies and land covers. These index equations are 
based on the ratio of the difference between the wavelengths 
of the selected bands and their sums. Within this frame-
work, the change in the Seyfe Lake surface area was investi-
gated by the Modified Normalized Difference Water Index 
(MNDWI) method proposed by Xu, [20] by using Landsat 
multi-band satellite images (Landsat 5 TM, Landsat 8 OLI/
TIRS) with path/row number 176/033 in the study area.

MNDWI method is the modified version of NDWI. In 
the MNDWI method uses the Middle Infrared Band (MIR) 
instead of the Near Infrared Band (NIR) in NDWI. Because 
in this method, an area covers with water is absorbed more 
light in the area of the MIR band than NIR region. It was 
determined that the MNDWI method proposed by Xu, [20] 
achieved more effective and accurate results in the detection 
of water bodies compared to the results obtained with the 
other spectral water indices. In MNDWI has the capability 
of reducing the effects of soil, land, settlements, imperme-
able surfaces and vegetation can be separated more clearly, 
areas covered with water are determined more clearly, and 
the shadow effect on land objects disappears Xu, [20]. 
Within the scope of the research, all analysis and calcula-
tions for determining where the lake area is covered with 
water were carried out with ArcMap 10.6.1 software in the 
CBS environment. In the raster data obtained by MNDWI 
analysis, positive values are defined as areas covered with 
water, and values less than 0 are defined as terrestrial areas 
(settlement, soil, land vegetation, etc.). MNDWI equation 
can be expressed as shown in the Equation 8.

  (8)

Where Green, is the reflectance of Green band and 
SWIR is the reflectance of the shortwave infrared band of 
Landsat 8 (Landsat 5 TM bands Green and MIR, respec-
tively). MNDWI has been calculated using Landsat imag-
ery to estimate the area of Seyfe Lake from 1990 to 2020. 
MNDWI values vary between -1 and +1 in the study area 
(Figure 4-5). MNDWI raster data has classified into non 
water and water classes and a threshold value was set to 
zero. According to the MNDWI results of the study area; 
values between 0 and 1 are defined as areas covered with 
water, and values less than 0 was defined as terrestrial areas 
(settlement, soil, land vegetation, etc.). 

RESULTS AND DISCUSSION 

NDVI Analysis for the Study Area
NDVI values in the study area vary between -1 and +1 

as expected. The NDVI index is a measure of the amount of 
plant chlorophyll and shows the lowest values where water 
surfaces are present and settlements are present. NDVI val-
ues in Seyfe Lake, which is the study area, take the lowest 
values in the lake area and its surroundings (values close to 
-1 and 0). In the southwest of the study area, it is seen that 
NDVI values have the highest values in the areas where veg-
etation (agricultural areas, intermittent bushes and natural 
meadows) are dense. However, while the land surface tem-
peratures were low in areas with dense and healthy vegeta-
tion, it was determined that the land surface temperatures 
were higher in areas with non vegetation or weak vegetation 
(Figure 3). 

Figure 3. NDVI values in the study area
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Temporal Change of Lake Surface Temperature 
Distribution

As a result of the studies conducted in Seyfe Lake area 
and basin, lake surface areas from 1990 to 2020 were deter-
mined using the Modified Normalized Difference Water 
Index method. Then, thermal infrared images of Landsat 
5 and Landsat 8 satellites were used to derive temperature 

data. In this context, firstly, the pixel values of thermal bands 
were converted to the top of atmospheric spectral radiance 
values by using scaling factors. Spectral radiance values 
were converted to brightness temperatures. Although the 
brightness temperature values here are temperature data, 
since it does not reflect the actual temperature values, 
the land surface emissivity was corrected and the actual 

Figure 4. Seyfe Lake surface temperature distribution from 1990 to 2020 (in May) and lake surface boundaries extracted 
by MNDWI method.
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temperature values for the study area were determined. 
However, in order to determine the land surface emissivity, 
the Vegetation Proportion (Pv) parameters derived from 
the NDVI and NDVI index were needed and determined 
with the help of the equations proposed by the researchers 
in the literature [25]. By calculating these values, the real 
land surface temperature values for the study area were 
reached. As a final stage, the seasonal surface temperature 
values calculated for the Seyfe Basin were masked for the 
lake areas determined by the MNDWI method and the lake 

surface temperature distribution was created (Figure 4 and 
Figure 5). 

Seasonal lake surface temperature statistics for the period 
between 1990 and 2020 are given in Table 6. Accordingly, 
while the lake surface temperature varies between 12.36-
26.67 °C in May 1990, it varies between 10.94-24.14 °C in 
September 1990. 2020 in May, temperatures vary between 
16.31-34.06 °C, while 2020 in September, temperatures 
vary between 25.67-29.67 °C. While the mean lake surface 
temperature was 15.15 °C in May 1990, it was determined 

Figure 5. Seyfe Lake surface temperature distribution from 1990 to 2020 (in September) and lake surface boundaries 
extracted by MNDWI method.
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as 13.60 °C in September 1990. The mean lake surface tem-
peratures in May and September 2020 are 22.17 and 27.26 
°C. Changes in lake water mean temperatures were 1.55 °C 
in 1990 and 5.09 ° C in 2020 (Table 6).

The lake surface temperatures determined for the 
selected time series were compared with the monthly 
mean air temperature data of the closest meteorological 
station to the study area. In this regard, monthly mean 

air temperature data measured in Kırşehir Meteorology 
Station were examined. 

Accordingly, it is seen that the mean lake surface tem-
perature values in May and September 1990 are compatible 
with the monthly mean air temperature data in May and 
September 1990 and that the lake area reflects the seasonal 
temperature. As seen in Figure 6 and 7 there was a decline 
in the lake area from 1990 to 2005, lake surface temperature 
values did increase inversely. The decrease in the area values 

Table 6. Seasonal temperature values of Seyfe Lake surface area

Year-Time Maximum
WST (ºC)

Minimum
WST (ºC)

Mean
WST (ºC)

Monthly Mean Air
Temperature (ºC)

Lake Surface
Area (km2)

1990 May 26.67 12.36 15.15 13.5 82.65
1990 September 24.14 10.94 13.60 18.6 65.90
1995 May 25.83 17.48 19.75 16.2 56.56
1995 September 24.97 15.18 17.97 18.7 26.95
2000 May 24.55 14.25 17.42 14 56.67
2000 September 26.25 14.71 18.82 18.5 37.29
2005 May 28.35 16.10 19.59 15.3 22.45
2005 September 27.93 19.73 23.81 18.1 12.50
2010 May 24.11 13.78 15.70 16.3 30.58
2010 September 27.10 18.83 23.08 21.6 7.62
2015 May 24.49 14.12 17.72 16 33.88
2015 September 28.14 20.97 25.13 23 18.03
2020 May 34.06 16.31 22.17 15.9 22.05
2020 September 29.67 25.67 27.26 22.8 2.74

Figure 6. Relationship between Seyfe Lake surface temperature, lake surface area and monthly mean air temperature data 
from 1990 to 2020 (May).
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from 1990 to the end of 2005 and the increase in 2005 and 
2015 are inversely proportional to the change in lake tem-
perature and mean air temperature values in the same peri-
ods. Although the decrease in the lake area between 1990 
and 2005 was also inversely proportional to the increase 
in the temperature values, the temperature values contin-
ued to increase between 2010 and 2020 despite the lake 
area slightly increase during this period. The increase in 
lake area values between 2005 and 2010 results a decrease 
in the temperature values. This was interpreted as the fact 
that the anthropogenic effects in the lake area were very low 
in 1990 and the components affecting the natural balance 
of the lake were limited to climatic factors. By 2020, it is 
thought that climatic changes and anthropogenic effects in 
the 30-year period cause an increase in lake surface tem-
perature (Table 6). In addition, due to the gradual decrease 
in the lake surface area, the deterioration of the lake water 
quality, the increase in the amount of evaporation in the 
summer months, the increase in the salt concentration in 
the lake waters and the terrestrial effect in the climatic con-
ditions in the lake basin are thought to increase. Therefore, 
as a result of all these processes, it is observed that the lake 
surface temperatures are higher than the average air tem-
perature (Figure 6 and Figure 7). 

In addition, when the lake surface temperature distri-
bution for the period between 1990 and 2020 was exam-
ined, it was determined that while lower temperatures were 
observed in the northern parts of the lake, which is the 
deepest part of the lake, the temperature increased towards 
the central and coastal parts of the lake. The lake is a shal-
low lake and the lake area and its surroundings have low 
slope (0-5°) topography. Therefore, seasonal changes in the 
lake water level and surface area are visibly noticed. For this 

reason, it is thought that the surface temperatures in the 
coastal parts of the lake are more variable and higher than 
inland parts.

CONCLUSIONS

Lakes are fragile ecosystems that are easily altered by cli-
matic and anthropogenic activities. Especially shallow lakes 
easily degraded by a combination of human activities and 
environmental factors. 

In this research, the seasonal lake surface area between 
the years of 1990-2020 was determined using the MNDWI 
water index. Then, the land surface temperature distri-
bution of the lake area was determined using the thermal 
infrared bands of Landsat 5 TM and Landsat 8 OLI/TIRS 
satellites. In this temperature distribution, lake surface tem-
peratures were determined for May and September from 
1990 to 2020 by masking the areas covered with the lake. 

According to the analyzes, the mean lake surface water 
temperature changes were 1.55°C in 1990 and approximately 
5.09°C in 2020. It was calculated that 1.42-2.53 °C changes 
between the minimum and maximum temperatures of lake 
water in May and September 1990 and 4.39-9.36 °C changes 
in 2020. And also seasonally mean lake surface temperature 
has increased between 6.92-8.57 °C from 1990 to 2020. The 
calculating water surface temperature estimates were highly 
in accordance with mean air temperature values. Generally, 
in September, the lake temperatures are higher than the air 
temperatures. And also an estimated land surface tempera-
ture is negatively correlated with NDVI values of the lake 
area

Since 1990, the calculated lake surface temperature val-
ues show a general rising trend, consistent with the climatic 

Figure 7. Relationship between Seyfe Lake surface temperature, lake surface area and monthly mean air temperature data 
from 1990 to 2020 (September).
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factors and human activities. And also it was observed that 
there was an increase in the surface temperature of the lake 
due to the shrinkage in the lake area. 

In this context, it is thought that climatic changes and 
anthropogenic factors have an effect on the change in lake 
surface water temperature over the years. Furthermore, 
calculated the land surface temperature (LST) results high-
lighted declining surface area and rising water temperatures 
are a major concern and also Seyfe Lake at risk of drying up. 
And also the results of the study reveal that how shallow lakes 
are susceptible to climate change and human caused factors.

When the lake surface temperature distribution during 
the period between 1990 and 2020 was examined, it was 
determined that while lower temperatures were observed in 
the northern parts of the lake, which is the deepest part of 
the lake, the temperature increased towards the central and 
coastal parts of the lake. In addition, lower temperatures 
were observed in places where the vegetation was dense 
in the lake basin, while relatively higher land surface tem-
peratures were observed in places where the vegetation was 
almost nonexistent or very low. 

Within the scope of the researches aimed at furthering 
this study, it is thought that the lake surface temperature dis-
tribution for different time series can be determined using 
different parameters (relative humidity, wind speed and 
direction, atmospheric water content, etc.) and different 
algorithms. Landsat thermal bands being widely available 
have an effective potential to be used in drought monitor-
ing, spatial-temporal climatic changes, early warning and 
protection of ecosystem with their temporal resolution 
capabilities in lake environments. And also representative 
climatic and hydrologic data provided vital information 
about the environmental and hydrological conditions. 
Therefore, these remote sensing techniques are important 
tools for the lake utilizers in terms of developing manage-
ment strategies for natural resources.

In this regard, it is thought that the temperature data 
obtained by using the thermal bands of the satellites can be 
used in modeling studies for climate change by supporting 
them with long-term on-site measurement data. However, 
the surface temperature data derived for the study area 
can also be used to form the basis for drought monitoring, 
future climate studies and management plans for soil, land 
and water resources.
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