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 Earth Surface Temperature is a key indicator of energy balance on Earth. In recent years, 
several methods for obtaining temperature using satellite images have been provided. This 
study aimed to compare the performance of different methods to estimate Land Surface 
Temperature (LST).Here,  LST over Tehran metropolitan city has been estimated through 
three methods including Artis, Mono_window and Stefan_Boltzman algorithms applied to 
Landsat (TM, ETM +, OLI) and MODIS image, Emissivity obtained through image classification, 
the vegetation index (NDVI) and MODIS emissivity product, Then, using an accurate 
thermometer, surface and air temperature at a height of one and a half meters were taken the 
linear relationship between surface temperature and corresponding air temperature has been 
established. A statistical measure namely mean absolute error and T test for selection of best 
method were used. The results show that Stefan_Boltzman method with mean absolute error 
of 1.540 °C was the best one. Therefore, it is suggested that the Stefan_Boltzman method be 
used For other areas with the same weather conditions and geographical parameters.   

 
 
 
 

1. Introduction  
 

Today, with the expansion of urban areas, accurate 
thermal data are essential for managing, designing and 
planning cities (Deng et al. 2023; Sidiqui et al. 2016). 
Analysing the trend of existing hot spots can have a direct 
impact on the design of new urban fabric and the process 
of renovation of old fabrics, especially in developed 
countries (Mullerova and Williams, 2019). Progress and 
development in remote sensing technology has made it 
possible to extract accurate thermal data from urban 
environments, which has drawn many researchers’ 
attention to this issue and its different methods in cities 
(Orusa and Mondino, 2019). 

Selection of accurate method to obtain temperature, 
even in a wider dimension, is an important factor in the 
study of global changes as a heat balancer and controller 
of climate models (Halder et al. 2021; Sidiqui et al. 2016). 
The knowledge of the surface temperature is very 
important for a wide range of issues in earth sciences, 
including the temperature of different regions, wide 
changes and interactions between human activities and 

the surrounding environment (Perera et al. 2022). 
Although the temperature difference in different regions 
may not be very large, this small amount can cause many 
disorders (Shang and Dick. 2006). 

To date, various algorithms have been provided to 
obtain the temperature of the earth's surface. From 
methods that are based on classifing NDVI through 
thresholding (Guha et al. 2018; Hossingholizade et al. 
2021) to the use of MODIS ready products (Yu et al. 2022) 
and other relatively older methods such as station-based 
observations interpolation and the use of mobile stations 
that do not consider the emission and instead use special 
thermometers to calculate the air temperature (Ozelkan 
et al. 2015). Since last years, various formulas have been 
presented to calculate the temperature. Each formula is 
used separately. (Mia et al. 2014).  

The aim of this study is to find the best method in 
estimating surface temperature via comparison different 
methods. 

The results of this research can significantly enhance 
the knowledge of scientists in estimation of earth surface 
temperature with different algorithms. 
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2. Method 
 

2.1. Study area 
 

The studied area is a part of Tehran province in 
latitude ̊35 ̊20 to ̊36 ̊00 ̊N and longitude ̊50 ̊48 to ̊52 ̊E. 
This region has a lot of diversity in terms of climate. It 
starts from the desert climate in the southern parts and 
continues to the humid climate in the north and 
mountainous in the eastern parts. In terms of the UTM 
classification system, it is also in the 39th North zone, and 
its height ranges from 1050 in the South to 1800 meters 
in the North.  
 

 
Figure 1. Iran (left)and Theran seven synoptic 

stations(right) 
 

Table 1. Geographical coordinates of stations 
NO Station Latitude Longitude 

1 Chitgar 35 44 51 10 
2 Mehrabad 35 41 51 19 
3 Airport 35 25 51 10 
4 Abali 35 44 51 53 
5 Geophizic 35 45 51 23 
6 Shahryar 35 40 51 02 
7 Shomal Tehran 35 48 51 29 

 
2.2. Data  

 

In this research, images of TM, ETM+ and TIRS 
sensors and the ready product of MODIS satellite, 
meteorological data including air temperature (Ta) and 
relative humidity (RH) data as well as surface and air 
temperature of some sample points were used. The 
number of rows and paths used for all images are 35 and 
164, respectively. It was also tried to select images with 
the least amount of cloud to avoid mulfunction of 
different algorithms. 

 

2.2.1. Estimation of temperature from emissivity 
based on classification 

 

Here, using the SVM method, the image was divided 
into 6 separate classes and each class was assigned an 
emissivity based on available scientific sources. Finally, 
the emissivity map entered to the surface temperature 
estimation algorithms. (Chen, 2015). 

 
Table 2. Emissivity of different classes  

NO Class Emissivity 
1 Water 0.992 
2 Soil 0.962 
3 Aqriculture 0.942 
4 Dence Cover 0.975 
5 Cover non-Cindensing 0.924 
6 Urban 0.918 

2.2.2. Estimating temperature from emissivity based 
on NDVI 

 

After calculating NDVI, a specific emissivity value was 
given to each NDVI interval based on different formulas 
presented in Table 3 (Zhang et al. 2006). 

 
Table 3.  Division of NDVI ranges 

NO NDVI Emissivity 
1 -1<NDVI<-0.185 0.985 
2 -0.185<NDVI<+0.157 0.955 
3 +0.157<NDVI<0.727 1.0094 + 0.047ln (NDVI) 
4 +0.727<NDVI<+0.8 0.99 
5 +0.8<NDVI<1 0.99 

 
2.2.3. Estimation of temperature with emissivity 
obtained from MODIS ready product 

 

In this method, using bands 31 and 32 MODIS 
satellite, which is special for emission and has a pixel size 
of one kilometer, and resampling this product to reach a 
pixel size of 30 meters and enter it into the temperature 
estimation equations, the land surface temperature of 
the earth is calculated. 

 

2.3. Mono-window 
 

In Mono-Window algorithm, spectral radiance for 
each band is obtained with the following relationship 
(Eq. 1-7), gain and offset can be extracted from the 
attached Header File and follow the rest of the steps with 
the following relationships. 
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Table 4. Estimating 𝜏𝑖  based on Wi 

Temperature Wi 𝜏𝑖euation 
High 0.4 – 1.6 0.97429-0.08007Wi 

High 1.6 - 3 1.031412 – 0.11536Wi 

Low 0.4 – 1.6 0.982007 – 0.09611Wi 

Low 1.6 - 3 1.05371 – 0.14142Wi 
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Where, K1 and K2 First and second calibration 
constant. Lλ Spectral radiance. BT Effective temperature 
(Kelvin). Wi water vapor. T0 Air temperature. RH relative 
humidity. a=-67.355351, b=0.458606. Ts Earth surface 
temperature. 𝜀𝑖Emissivity. 𝜏𝑖  Air permeability. 

 
2.4. Artis method 

 
After calculating the spectral radiance, the brightness 

temperature at the measuring surface and the emissivity 
with the Normalized Differential Vegetation Index 
(NDVI), the MODIS classification or ready product, 
surface temperature is obtained by this method, is 
calculated using the following formula (Eq. 8) (Tan et al., 
2010). 

 

( )( )
sensor

t

sensor

T
S =

1+ λ× T /ρ Lnε
 

(8) 

 
 

2.5. Stefan-Boltzmann method 
 

Thermal infrared sensors measure the radiation in 
the upper part of the atmosphere (Top Of Atmosphere), 
which is called the brightness temperature (as well as the 
black body temperature), which is obtained using the 
Equation 9-11. 
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Where, C1 = 1.19104×108, C2 = 14387.7, h=6.62×10-

34, C = 2.998×108, K = 1.38066×10-23, Bλ= Blackbody 
radiation 

 
 

3. Results  
 

Hourly meteorological data of synoptic stations in 
Tehran city were used to calculate the parameters 
related to temperature extraction. Considering that the 
time of taking the images is approximately 6:00 a.m. 
Greenwich time and the time difference between 
Greenwich and Tehran time is three and a half hours, the 
data related to 6:00 a.m. (GMT) of Tehran synoptic 
stations were used. These data include temperature and 
relative humidity data that were prepared from the 
Iranian Meteorological Organization. After calculating 
the temperature by the mentioned methods, their RMS 
error values were presented as described in the 
following table (Table 5). 

Table 5. Error rate (Celsius) of temperature calculation 
after conversion to air temperature 

 Mono Window Artis Stefan_Boltz 
TM 2010/6/4 1.56 1.70 1.42 
ETM 2002/8/9 2.17 1.81 1.52 
TIRS 2015/9/6 2.19 2.16 1.74 
TM 2008/6/30 1.43 1.35 1.28 
TM 2009/7/19 2.30 2.12 1.98 
ETM 2002/10/12 1.50 1.14 1.09 
ETM 2001/6/30 1.98 1.93 1.75 
ETM 2002/10/12 1.58 1.39 1.26 
TM 2010/6/4 1.99 1.72 1.5 
TIRS 2015/9/6 1.62 1.39 1.14 
ETM 2001/6/03 2.05 1.66 1.59 
ETM 2002/8/9 1.52 1.44 1.34 
TM 2008/6/30 1.64 1.4 1.35 
TM 2009/7/19 2.16 2.09 1.82 
MODIS 2009/6/30 1.95 1.65 1.48 
MODIS 2009/7/19 2.37 2.25 2.22 
MODIS 2015/9/6 2.64 2.49 2.38 

 
 

4. Discussion 
 

In this research, the methods of single window, 
Stefan-Boltzman and Landsat Science Office were used in 
TM, TIRS(OLI), ETM+ images. Then the results were 
analyzed using statistical methods. The influential 
parameter in estimating the best value of the earth's 
surface temperature is the radiation power, which is 
calculated in the first method through NDVI for each 
separate image, which is separate and constant in all 
stages of using the three methods mentioned for each 
image, and in the second method, the emissivity from The 
obtained classification method is calculated for each 
image separately, and for this method, it is separate and 
fixed in all stages of using the three methods mentioned 
for each image. Eventually in the third method "MODIS 
ready products" were used. 

The results of all the methods were compared on 
different dates using the widely used statistical meature 
of mean absolute error. The results showed that among 
the methods used, the best method in estimating the 
temperature of the earth's surface closer to the ground 
data of air temperature in all three gauges and in three 
modes of obtaining the amount of emissivity (NDVI 
method, classification and MODIS ready product) The 
Stefan-Boltzman method had the best results, so that 
among the methods used, the values of the average 
absolute error index for the three single-window 
methods, Artis and Stefan-Boltzman were 1.877, 1.744 
and 1.540 degrees Celsius, respectively. Therefore, it is 
suggested that for other areas that Use this method if it is 
close to the study area in terms of weather conditions 
and other geographical parameters. 

 

5. Conclusion  
 

Considering that temperature is a fleeting and highly 
variable quantity, the algorithm used to estimate it 
should be chosen correctly. Also, in addition to the type 
of algorithm, the emissivity estimation method directly 
affects the output result. On the other hand, by 
calculating Sig (significance level) which is considered 
0.05 in the t-test, it is more than 5 percent in all methods, 
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which indicates that the results obtained from our 
samples is suitable for larger values. In other words, the 
results can be generalized to other samples. Therefore, it 
is suggested to use the appropriate method in the areas 
that have the same conditions as our study area, 
according to the purpose of the research and the existing 
conditions. 
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