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 The first purpose of this paper was, calculating land surface temperature (LST) and exploring 
the spatial distribution of UHI in Ardabil city which was investigated using Land sat 8 
OLI/TIRS images for summer and winter of 2019. The second purpose was exploring the 
thermal effects of Shourabil Lake on surrounding area. The results showed, high temperature 
is most widespread in suburban areas especially in south, south west, west and north west 
rather than central parts of the city. Also, the results showed the maximum average 
temperature in imaging time of winter was 18 ºC, recorded from industrial areas and the 
maximum average temperature in imaging time of summer was 27 ºC recorded from military 
and Festival site. The average temperature of water body in summer and winter were 17 ºC 
and 16 ºC respectively.  According to the results thermal effects of the Shourabil lake was 
limited to 200m, the resultant correlation model for LST and distance to lake based on the 
calculated R (0.896, 0.988, 0.950) demonstrate a strong correlation, notably the regression 
could estimate the thermal variation around the lake in this distance. 

 
 
 
 

1. Introduction  
 

Urban Heat Island (UHI) is one of the more serious 
impacts of urbanization on urban climate (Hirano & 
Fujita, 2012).Thermal properties of different materials, 
evaporation of surfaces and reduced ability of the 
released infrared (IR) radiation to escape from urban 
structures into the atmosphere have also evolved 
significant causes of UHI(R. P. Gupta, n.d.; Mathew, 
Sreekumar, Khandelwal, & Kumar, 2019).The UHI effect 
can be reduced by making changes in built form, material 
selection, and land use proportion in cities in order to 
raise the albedo and cool the surrounding(Nastran, 
Kobal, & Eler, 2019). Land surface temperature (LST) 
varies significantly across different land cover classes 
(Ren et al., 2016; Susca et al., 2018). LST is usually higher 
in built-up areas, such as those for residential and 
industrial land use, and bare surfaces(Shaker, Altman, 
Deng, Vaz, & Forsythe, 2019) It is lower in water bodies 
like ponds, lakes and river which have a significant role 
in reducing the UHI (Hathway & Sharples, 2012). Also 
vegetation, as a key instrument of mitigating urban heat 
island, influences the cooling process due to evaporative 
cooling and shading surfaces which absorb short-wave 
radiation (Kolokotroni & Giridharan, 2008).During last 

years' significant research efforts have been performed 
to evaluate the urban heat island phenomenon and the 
mitigating effects of water bodies and green space. (Cai, 
Han, & Chen, 2018), indicate that the cooling effect of 
water bodies can reach one kilometer (horizontal 
distance).(Nakayama & Hashimoto, 2011),  highlighted 
that effective management of water resources would be 
powerful for ameliorating the heat island.(Amani-Beni, 
Zhang, Xie, & Xu, 2018),  found that the for every 1000 m 
increase in distance from the river, the UHI decreased by 
0.6 ºC to 3 ºC depending on season. Also(Xiao, Dong, Yan, 
Yang, & Xiong, 2018), found that the cooling and 
humidifying effect of large green spaces was more 
obviouse and stabl, and the cooling effect of small green 
spaces was more was more variable. (Hathway & 
Sharples, 2012) showed that the urban form on the river 
bank influenced the levels of cooling felt away from the 
river bank. Also (Giridharan & Kolokotroni, 2009), 
showed that the winter climate control modes have the 
same correlation, indicating that most change in outdoor 
temperature are caused by climate factors and not the 
on-site variables.  

The review of previous studies pointed out mitigation 
effect of water bodies and green space in urban heat 

http://igd.mersin.edu.tr/
https://orcid.org/


4th Intercontinental Geoinformation Days (IGD) – 20-21 June 2022 – Tabriz, Iran 

 

  38  

 

island. The purpose of this study is to investigate the 
urban heat island and the mitigation effect achieved by 
water body during February and June. According to 
foregoing the present study was carried out to follow 3 
objectives: (1) the study of LST in Ardabil city using Land 
Sat 8 OLI/TIRS satellite image during the summer and 
winter of the year 2019, (2) Calculating of UHI in the city, 
(3) analysing the effect of Shourabil lake on the 
surrounding achieved temperature.   
 

2. Method 
 

In this study, to evaluate the UHI and influenced area 
of the city, the satellite images of land sat 8 OLI/ TIRS 
(thermal band 10) were used The metadata of images 
were featured in Table 1.  

In order to compute the LST, the thermal band 
digital number (DN) is numerically converted to 
radiometric scale using Eq. (1).  

Eq. (1) is used for converting DN to radiance in 
Landsat 7 ETM image: 
 

Lλ = (
LMAXλ − LMINλ

QCALMAX − QCALMIN
) ∗ (QCAL − QCALMIN) + LMINλ 

 

Where 
𝐿𝜆= the cell value as the radiance 
QCAL=digital number 
𝐿𝑀𝐼𝑁𝜆= spectral radiance scales to QCALMIN 
𝐿𝑀𝐴𝑋𝜆= spectral radiance scales to QCALMAX 
QCALMIN=the minimum quantized calibrated pixel value 
(typically =1) 
QCALMAX+ the maximum quantized calibrated pixel 
value (typically =255) 
 

The value of 𝐿𝑀𝐼𝑁𝜆 and 𝐿𝑀𝐴𝑋𝜆extracted from the 
header file of landsat images are 0.10033 and 22.00180 
respectively (Table.1)  
 
Table 1. Metadata of satellite image  

 
 

Converting radiance to brightness temperature 
After calculating spectral radiance (𝐿𝜆), the images 

were computed for their brightness temperature using 
either Planck's radiance function for temperature (Weng 
et al.,2004) or the approximation formula shown in Eq 
(3). 

Where T is the effective at sensor brightness 
temperature in Celsius, 𝑘1 is calibration constant (in 
kelvin), 𝑘2 is the calibration constant (Watts/[𝑚2 ∗ 𝑠𝑟 ∗
𝜇𝑚]), and Ln is the natural logharithem. Values of , 𝑘1and 
𝑘2 for images are shown in Table 2. 

𝑇℃ =
𝑘2

𝐿𝑛(
𝑘1

𝐿
+ 1)

− 273.15 

 
Table 2. UHI Category 

 
 

LST retrieved from each image of the studied period 
using the Eq. (4): (Weng & Lu, 2008).  
 

𝐿𝑆𝑇 =
𝐵𝑇

1 + 𝑊 ∗ (
𝐵𝑇
𝑃

) ∗ 𝐿𝑛(𝜀)
 

 
W is the effective band wave length (11.475 𝜇𝑚), 𝑃 =

ℎ ∗
𝑐

𝑠
(1.438 ∗ 102−𝑚𝐾), h= Planck's constant, c= velocity 

of light, s= Boltzman constant (1.38 ∗ 1023−𝑗/𝑘) and 𝜀 is 
land surface emissivity. 

Land surface emissivity (𝜀 ) was estimated based on 
NDVI thresholds method as proposed by Sorbrino et al. 
(2004) as follows: 

Normalized Differential Vegetation Index (NDVI) is 
calculated using the equation  

 

NDVI =  
(𝑁𝐼𝑅 − 𝑉𝐼𝑆)

(𝑁𝐼𝑅 + 𝑉𝐼𝑆)
 

 
Where NIR and VIS are the near-infrared and visible 

light bands, respectively 
If NDVI<0.15, then the pixel is considered as bare soil 

and the mean emissivity value used in this study was 0.97 
if, NDVI>0.62 
These kinds of pixels are considered as fully 

vegetated, and then a constant value for emissivity is 
assumed typically of 0.99 

In the case of 0.15<NDVI<0.62 
Is this case emissivity is calculated according to Eq. 

(6). 
 

𝜀 = 𝜀𝑣𝑃𝑣 + 𝜀𝑠(1 − 𝑃𝑣) 
 

Where 𝜀𝑣 is the vegetation emissivity and 𝜀𝑠is the soil 
emissivity. 𝑃𝑣 is the proportion of vegetation obtained 
according to Eq. (7) (Sobrino et al., 2004). 
 

𝑃𝑣 = (
𝑁𝐷𝑉𝐼 − 𝑁𝐷𝑉𝐼𝑚𝑖𝑛

𝑁𝐷𝑉𝐼𝑚𝑎𝑥 + 𝑁𝐷𝑉𝐼𝑚𝑖𝑛

)
2

 

 
Where 𝑁𝐷𝑉𝐼𝑚𝑎𝑥=0.62 and 𝑁𝐷𝑉𝐼𝑚𝑖𝑛=0.15 
 
based on the Eq. (8) we construct the UHI intensity index; 
 
 

𝑈𝐻𝐼𝑖𝑖 =
𝐿𝑆𝑇𝑀𝑎𝑥 − 𝐿𝑆𝑇

𝐿𝑆𝑇𝑚𝑎𝑥 − 𝐿𝑆𝑇𝑚𝑖𝑛

 

 
Then, achieved data were classified based on defined 

interval method with intervals of 0.2. in this method we 
obtained 5 classes, which categorized as Table 2. 
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2.2. Statistical modeling methodology 
 

The approach behind this study bass on assumption 
that water body has mitigation effect on LST, thus the 
relation ship between LST and distance to Shourabil- 
Lake were correlated using with Pearson Correlation test 
in SPSS 25. Further investigation of possible influence of 
Shourabil - Lake on LST has been explored by profile 
tools in ArcGIS10.2 3D analyst and Linear Regression 
Model in SPSS. The linear regression model is estimated 
with Eq. (9): 
 

𝐿𝑆𝑇 =  𝛼 + 𝛽𝑥 
 
2.3. Spatial analysis  
 

This study used Land use map as a Zone data feature 
in ArcGIS. 10.2 for calculation of descriptive statistic such 
as, Mean, Maximum, Minimum of obtained LST for every 
land use type. 

Finally, the temperature of the city was calculated 
based on Eq. (10)  
 

𝑡𝑜𝑡𝑎𝑙 = ∑ 𝐿𝑆𝑇𝐿𝑈𝑖
∗ 𝑊𝐿𝑈𝑖

𝑛

𝑖=1

 

Where; 𝑊𝐿𝑈𝑖
 is; 

 

𝑊𝐿𝑈𝑖
=

𝐴𝑟𝑒𝑎𝐿𝑢𝑖

∑ 𝐴𝑟𝑒𝑎𝐿𝑢

 

 
3. Results  
 

To find the relationship between LST and land use, 
the thermal values of each land use class was obtained by 
overlaying a LST map with Land-use map in ArcGIS 10.2- 
Zonal Analysis Tool. The same was used for obtaining 
UHI. The LST (mean, minimum and maximum) values for 
various land use type for each of the images is 
summarized in Table 3.    According to the LST map, 
surface temperature varied between 11ºC and 36 ºC at 
the imaging time in June. As Table 3. shows, the lowest 
average temperature was 15 ºC related to parking area 
and the maximum average temperature was 27 ºC 
recorded from military and Festival site, also average 
temperature of water body and residential areas were 
low, the calculated temperature for these areas were, 17 
ºC. The calculated temperature for industrial site was 
high, 26 ºC. based on calculation the average 
temperature of the city in the imaging time of June was 
20.6 ºC. according to the table. 2. the UHIII in the 
industrial, police station and festival site were high and 
the lowest UHIII related to parking, water bodies, 
residential, cultural, sanitation and treatment areas. The 
UHIII in the other type of land uses were moderate, 
specially in bare lands. Finally, the UHIII of the city was 
low, 0.39, which refer to a cool weather in the imaging 
time. 

In this paper for exploring the Shourabil Lake's effect 
on surrounding area, we used correlation test and 
regression analysis, the explanatory variable was 
distance to lake which extracted by line profile in ArcGIS 

10.2- 3d Analyst tools, Fig 2.  demonstrate the position of 
line profiles. 

 
Table 3. Model summery  

 
 

 

 
Fig.1. UHI and Land Surface Temperature 

 
The resultant correlation model for LST and distance 

to lake based on the calculated R, demonstrate a strong 
correlation, notably the regression could estimate the 
thermal variation around the lake.  According to the 
analysis, due to the achieved r (0.896, 0.988, 950) and 
Beta, the lake's impact on temperature are positive, 
which means in this class the lake's temperature warms 
up the surrounding area, based on the obtained R (-
0.997, -0.700, -0.857) and Beta for class 2, distance from 
lake shows negative impact on temperature. That means 
the temperature after certain distance to lake tends to 
reduce.  
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Fig.2. Position of the profiles, profile l,2,3-left to right 
a. February, 2019 

 

 
 
Table 4. The model summery for Summer, June 2019 

 
 
4. Discussion 

 
Different type of urbans can cause the formation of 

different forms of heat islands. this study highlighted that 
the residential areas of the Ardabil city were cooler than 
the surrounding areas. In other words, Lower LST values 
tended to be distributed in the center of study area while 
the highest LST values were scattered around the city. On 
the whole, only 5% of Ardabil area suffer from High 
values of UHI, on the other hand the UHI values for 46% 
of the city area were low. Similarly, (Shirani-bidabadi, 
Nasrabadi, Faryadi, Larijani, & Shadman Roodposhti, 
2019)  suggested that down town area in Isfahan city 
experienced lower temperature than the suburban areas 
during day time. In the case of Ardabil this can be partly 
due to existence of bare lands in suburban areas, 
especially in the south and south west, which mostly 
absorb sunlight than reflecting it and that leads to a 
higher temperature in suburban than downtown. Also 
the same results were obtained by (Lazzarini, Marpu, & 
Ghedira, 2013),   highlighted that down town area in 
some other aired and semi-arid cities such as Abu Dhabi, 
Kuwait City, Riyadh, Las Vegas, Phoenix, and Biskra 
experienced lower temperature than suburban areas 
during the day time. (Bokaie et al., 2016), state that 
industrial area in Tehran suffer from high level of LST 
during day time. Our results show a similar finding which 
the average temperature of industrial areas was high, 
especially in the imaging time of winter, the calculated 
temperature for industrial areas were about 18 ºC, which 
is 6 ºC higher than the mean temperature of the city.  Also 

similar results highlighted by (El-Hattab, Amany, & 
Lamia, 2018), According to the results, because of 
surrounding topography and Land use type, the thermal 
effects of Shourabil lake was limited to a short distance. 
Different to (Moyer & Hawkins, 2017) this study showed 
that after certain distance from the lake temperature 
tends to reduce; case profile 1, profile 3 in February 26Th 
2019, and all cases of summer. According to the analysis, 
due to the achieved r (0.896, 0.988, 950) and Beta, the 
lake's impact on temperature is positive, which means in 
class1 the lake warms up the surrounding area. The 
reduction of temperature after 200 m was variable based 
on the nature of topography and land cover. Similarly (N. 
Gupta, Mathew, & Khandelwal, 2019), highlighted that 
the temperature in the river bank of Sabarmati was low 
within 200 m of the river and shows a sharp ascent there 
onwards. Also,  the results which were obtained by (Wu 
& Zhang, 2019), it can be said that various factors affect 
the thermal impacts of water bodies, in the case of 
Shourabil lake, the rising temperature in the surrounding 
areas especially in the north, west and south of the lake 
may be due to the presence of bare lands. In the east of 
the lake-built area alongside the green space cause a 
decrease in temperature 
 
5. Conclusion  
 

The research concerning distribution of LST in 
Ardabil city for two different time during 2019. In order 
to determine the general distribution of UHI in Ardabil 
regarding to land use type the land sat 8 images were 
used. Due to the geographical position of the city and the 
imaging time, residential areas of the Ardabil city were 
cooler than the surrounding areas. As the results showed, 
Lower LST values tended to be distributed in the center 
of city while the highest LST values were scattered 
around the study area. The results highlighted that the 
average temperature of industrial areas in the imaging 
time of winter were high. Also, we explored the thermal 
effect of Shourabil Lake on surrounding area, our study 
indicated that the thermal effect of the lake is limited to a 
short distance from lake, the study showed during 
imaging time because of surrounding land use type the 
temperature after 200 m onward tends to reduce. This 
study opens an opportunity and necessity for further 
research about the spatial pattern recognition of UHI and 
LST in Ardabil. There is need for more in-depth analysis 
of a selected city and thermal effect of water bodies. 
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