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Abstract

Land surface temperature is a significant variable involved in land surface
energy and water balance and is a substantial component in many aspects
of environmental research. The land surface temperature is usually
calculated based on thermal bands. Landsat 8 satellite thermal bands are
the newest infrared thermal bands, included two adjacent thermal bands
with a spatial separation of 30 meters. There are several methods for
calculating land surface temperature. These methods are of three groups:
Methods that only need satellite data, methods that require satellite data
and leaf area index (LAI), and Methods that require satellite data and
meteorological data. In this study, the land surface temperature simulated
by the Planck Inverse Function, SEBAL algorithm, Statistical Mono-
Window algorithm, Split Window Algorithm, Mono-Window Algorithm,
Radiation Transfer Equation, Sabrino Split Window Algorithm, National
Oceanic and Atmospheric Administration Joint Polar Satellite System,
And the Single-Channel Algorithm and compared with the surface
temperature measured in the LPT2 construction area of Soleimanshah
irrigation network during the growing season of nut sunflower in 2020
based on two criteria of R 2 and RMSE. The results showed the Planck
Inverse Function, SEBAL algorithm Statistical Mono-Window algorithm,
Split Window algorithm, and Mono Window algorithm respectively have
high accuracy (Those approaches are not dependent on meteorological
data). Among them, the Planck Inverse Function with values of R? and
RMSE of 0.6 and 4.2 ° C, respectively has the highest accuracy. The
Sabrino Split Window algorithm, National Oceanic and Atmospheric
Administration Joint Polar Satellite System, and the Single-Channel
algorithm, respectively have low accuracy.

1. Introduction

Land surface temperature (LST) is an important variable involved in the earth surface energy and water
budgets and a key component in many aspects of environmental research. LST is usually calculated
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based on thermal bands. Landsat 8 Thermal Infrared Sensor (TIRS), providing two adjacent thermal
bands, is the newest thermal infrared sensor. There are several methods for calculating surface
temperature. These methods are three groups: i) methods that only require satellite data, such as NDVI
and thermal band data, ii) Methods that require meteorological and satellite data and iii) Methods that
require leaf area index (LAI) and satellite data. LAl is not estimated directly from satellite data and
obtained from empirical relationships between plant indices whose formulas are different for different
plants. The purpose of this study is to select the appropriate method for estimating surface temperature.

2. Materials and Methods

This study took place in the LPT2 area of Soleimanshah irrigation network, Kermanshah, Iran, for the
Sunflower growing period in 2020. LST was estimated, by methods Planck's inversion function,
SEBAL Algorithm, Statistical Mono-Window Algorithm (SMW), Split Window Algorithm (SWA),
Mono Window Algorithm (MWA), Radiative Transfer Equation (RTE), Sabrino's Split Window
Algorithm (SSWA), National Oceanic and Atmospheric Administration Joint Polar Satellite System
(NOAA -JPSS) and Single-Channel Algorithm (SCA). The SEBAL algorithm requires LAI, which is
calculated by dividing the plant leaf area by the area covered by the plant. Therefore, the leaf area index
was measured and the relationship between it and some vegetation indices was evaluated using R2 and
RMSE. Then the most accurate index was used in the SEBAL algorithm.

Some LST estimation methods require metrological data obtained from the nearest synoptic station. In
this research, the meteorological data of Songhor synoptic station was used. On the other hand, with an
infrared thermometer, LST was measured. In each location, the surface temperature was measured Six
times and their average was calculated. The surface temperature map of the region was prepared with a
spatial resolution of 30 meters. The measured and calculated temperatures at the sampling points
were compared using R? and RMSE indices.

3. Results

LAI values obtained based on NDVI had the highest accuracy (RMSE=0.547, nRMSE=0.175 and
R=0.907). Methods of Planck Inversion Function (PIF), SEBAL algorithm (SEBAL), Statistical Mono-
Window algorithm (SMW), Split Window algorithm (SWA) and Mono Window algorithm (MWA) had
high accuracy, respectively. Methods of Sabrino Split Window Algorithm (SSWA), National Oceanic
and Atmospheric Administration Joint Polar Satellite System (JPSS-NOAA) and Single-Channel
Algorithm (SCA) had low accuracy, respectively.

4.  Discussion and Conclusion

The results showed that PIF, SEBAL, SMW, SWA, and MWA have high accuracy, respectively. These
methods are less dependent on meteorological data. Although PIF is a relatively simple method and
does not require any meteorological data, it has the highest accuracy and estimated the temperature
almost as accurately as measured data, at all temperature ranges, by R2 and RMSE 0.6 and 4.2 0C,
respectively. Of course, the accuracy of them was a bit low. That may because of using an Infrared
thermometer for measuring LST in the field. This thermometer measures temperature at a point that
may measure at the plant level or soil level. Due to the large temperature difference between these two
levels, the possibility of measurement error is high.
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- Meteosat

- Planck's inversion function method
- National Oceanic and Atmospheric Administration

- Joint Polar Satellite System
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1- Single-Channel Algorithm

2- Atmospheric transmission

3- Downwelling radiance

4- Upwelling radiance

5- Mono Window Algorithm

6- Radiative Transfer Equation Method
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Estimation of Surface Temperature in Agricultural Lands Using
Satellite Images (Case Study: Soleimanshah Irrigation Network)

Saeid Nasserit,Bahman Farhadi Bansouleh*? Arash Azari®

Abstract

Land surface temperature is a significant variable involved in land surface energy and water balance and
is a substantial component in many aspects of environmental research. The land surface temperature is
usually calculated based on thermal bands. Landsat 8 satellite thermal bands are the newest infrared
thermal bands, included two adjacent thermal bands with a spatial separation of 30 meters. There are
several methods for calculating land surface temperature. These methods are of three groups: Methods
that only need satellite data, methods that require satellite data and leaf area index (LAI), and Methods
that require satellite data and meteorological data. In this study, the land surface temperature simulated
by the Planck Inverse Function, SEBAL algorithm, Statistical Mono-Window algorithm, Split Window
Algorithm, Mono-Window Algorithm, Radiation Transfer Equation, Sabrino Split Window Algorithm,
National Oceanic and Atmospheric Administration Joint Polar Satellite System, And the Single-Channel
Algorithm and compared with the surface temperature measured in the LPT2 construction area of
Soleimanshah irrigation network during the growing season of nut sunflower in 2020 based on two
criteria of R 2 and RMSE. The results showed the Planck Inverse Function, SEBAL algorithm Statistical
Mono-Window algorithm, Split Window algorithm, and Mono Window algorithm respectively have
high accuracy (Those approaches are not dependent on meteorological data). Among them, the Planck
Inverse Function with values of R? and RMSE of 0.6 and 4.2 ° C, respectively has the highest accuracy.
The Sabrino Split Window algorithm, National Oceanic and Atmospheric Administration Joint Polar
Satellite System, and the Single-Channel algorithm, respectively have low accuracy.

Keywords:Surface temperature, SEBAL algorithm, Planck's inversion function method, Landsat
8, Leaf area index
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