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Areas with geothermal potential naturally have evidence on the ground surface that is

Received: used in geothermal energy exploration projects to initially locate these areas. The aim of
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09/02/2025 ’ energy currents obtained from the SEBAL method using TIRS thermal data of Landsat 8

Accepted: satellite in the Sahand region of East Azerbaijan province located in the northwest of

08/03/2025 Iran. For this purpose, one image of Landsat 8 data was used for September 25, 2022,

Publisher online: then using single channel James-Sobrino algorithms and split window, the Land surface

11/03/2025 temperature map was estimated. Then estimated Land surface Temperature image with
the thermal data of SLSTR sensor of the Sentinel 3 satellite (for pass time of the Landsat
satellite) was validated using the analysis of the linear regression model in the TerrSet
software environment, until in the process of identifying geothermal energy to be use.
Next, using with Sebal Algorithm the amount of net surface radiation(Rn), net energy
directed to the ground(G) and the amount of solar radiation absorbed by the
Surface(Rsolar) was estimated for minimized the effect of solar radiation on the land
surface temperature. By combining the heat flows obtained from the Sebal algorithm and
the Land surface temperature, the potential areas of geothermal energy were identified
and determined. The final results of Maps showed that there are pixels in the study area
that are prone to geothermal energy and the presence of natural hot springs in different
cities of East Azerbaijan province, especially in the study area increases the probability
of geothermal sources and this fact confirm that our study area have a hight potential for
exploration of geothermal Energy.
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Extended Abstract

Introduction

Energy is one of the necessary things for economic and social development and improving the quality of life,
and the existence of continuous, stable, and economical energy is necessary for economic development and
growth (Soleimani and Abroumand Azar, 2014). In our country, the use of new energies is faced with obstacles
such as the existence of cheap oil, rich hydrocarbon resources, insufficient knowledge of these energies, the
unknown benefits of their use and lack of economic justification in initial investments (Shenavaei, 2008). In the
meantime, geothermal energy is one of the main sources of new and environmentally friendly energy, if used
properly and based on environmental parameters, plays an important role in the energy balance and sustainable
development goals of the country (Mojarrad et al., 2019). In recent years, the use of new, low-cost, and fast
methods such as remote sensing has always attracted the attention of experts, managers, and decision makers
due to their ability to identify and explore phenomena compared to traditional methods (Alavipanah et al.,
2011). This issue, shows the importance of the topic chosen for the current research to identify areas prone to
surface geothermal energy using remote sensing technology (The method proposed by Emami and Jafari, 2018).

Study Area

The study area spanning approximately 6566 square kilometers. where includes the area around Sahand
mountain located in East Azerbaijan province. It is located between 45 degrees 59 minutes to 46 degrees 53
minutes east and latitude 38 degrees 03 minutes to 37 degrees 19 minutes north. The highest elevation within
the study area pertains to the peak named Gochgholi (Kamal), reaching an elevation of 3707 meters. and is in
Bostanabad city.

Material and Methods

In this research, the day image of OLI and TIRS sensor of Landsat 8 satellite was used to identify areas with
geothermal energy potential. Also, ENVI software was used as the main image processing software, SNAP
software was used for initial processing, geometric correction and preparation of sentinel 3 images for use in
additional software. TerrSet software was used to validate the Land surface temperature and ArcGIS software
was used to prepare the output map.

For detection of thermal anomalies caused by geothermal sources, first the image of the LST was calculated as
the temperature estimated at the time of satellite image acquisition using James-Sobrino single-band and split-
window algorithms and then validated. Then, to remove or minimized effect of absorption and solar radiation
from the estimated temperature, the modified thermal model was defined by combining the heat flux obtained
from the Sebal method with surface thermal maps (Eq.1). Because the goal was to determine areas prone to
geothermal energy, it was tried to minimize the effect of heat and absorption fluxes caused by sunlight in
determining these areas, so that the surface thermal anomaly is only caused by the interactions of the heat
inside the earth.

1. (LST > 40°c) & (RN < Mean) & (G < Mean) & (Rsolar < Mean)

Result and Discussion

The main goal of this research was to identify the potential areas of geothermal resources by combining the
LST and the heat fluxes obtained from the Sebal algorithm. In the final maps obtained from the single-band
algorithm and separate window, by comparing the minimum and maximum temperature values, a difference of
1.46 and 9.66 °C was observed, respectively. The primary factor contributing to this thermal disparity is the
region's morphology and distinct features (Parhizkar et al, 2020). To check the accuracy of the land surface
temperature estimation algorithms, regression model analysis showed the values of R2 and correlation
coefficient in the single-band algorithm to 0.28 and 0.74 respectively and for the split-window algorithm 0.49
and 0.49, respectively, these values indicate a positive relationship and close alignment between these datasets.
Also, the examination of the average absolute error and root mean square error showed the lowest error of 7.45
and 7.71 degrees in the split window method.

To evaluate the accuracy of the algorithms for estimating the land surface temperature, regression analysis and
correlation coefficient between the estimated surface temperature and the surface temperature of Sentinel-3
were used. In this analysis, the surface temperature of Sentinel-3 satellite was introduced as an independent
variable and the estimated surface temperature using single-band algorithm and a separate window were
introduced as the dependent variable in TerrSet software. The results of this analysis estimated the correlation
coefficient between the estimated surface temperature based on the meteorological data of the synoptic stations
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of the cities located in the study area and the surface temperature obtained from the thermal sensor of the
Sentinel-3 satellite for the transit time of the Landsat satellite is 0.67, which indicates a positive relationship
and close agreement between these data.

Theoretically, the areas with higher temperature above 40°C It was considered as areas where it was possible to
identify geothermal resources in those areas. Then, by combining the were balanced thermal model with the
LST map, the heat change factors from one pixel to another were modeled, that on the one hand, topographical
and atmospheric corrections were considered in these pixels, and on the other hand, the resulting thermal model
was balanced by calculating the heat fluxes obtained from the Sebal algorithm.

For example, if a pixel has the maximum surface temperature, but the effective elements of the Sebal
algorithm have minimum values in that pixel, that pixel is considered a prone pixel for geothermal energy is
detected, and vice versa. By identifying all the geothermal prone pixels, the thermal anomaly map of the
studied area was prepared and this map was analyzed and evaluated.

Conclusion

According to the final maps, it can be said that considering the minimum amount of heat flows obtained from
Sabal algorithm in calculating the modified thermal model reduced the effect of factors other than geothermal
sources on the identification of geothermal potential pixels. Accordingly, due to the importance of land surface
temperature in identifying thermal anomalies caused by geothermal resources, pixels have been identified
scattered in different parts of the study area, near which there are hot springs.

This research is considered the first stage of geothermal resource exploration. Therefore, to achieve the final
goal, it can be the beginning of further studies on the high potential areas. To increase the confidence factor in
identifying areas prone to geothermal energy, it is necessary to combine the results of this research with other
layers of information such as geophysics, geology and geochemistry and examine them in future studies. In
future studies on comparative exploration of geothermal energy prone areas, the results of this research can be
used to limit the studied areas.

Key words: Geothermal energy, land surface temperature, Landsat 8, Sahand, Sebal, Thermal anomaly.
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1- Digital Elevation Model
2- Shuttle Radar Topography Mission
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1- Atmospheric/Topographic Correction
2- Moderate Resolution Atmospheric Transmission
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2- Azimuth Angle
3- Metafile Of Image



B0 o)lods O JLw AF-F el VeV M (ol oo — 5 g ol g Ldl jia

g i y) A8 e oolaiwl us Sl el U (6! (Sil CwalBus 0,91 5 g \oﬁ.':' oSlye oLS
S T - o - . .Y 7 JR . Yooy«
~.\_‘>‘ @)l) BA.JUa.c Q)B.AA.Q.L:.».AG:LS‘)D ua).c)‘ obLD...M:‘L’).g J““’ﬁ)"‘ 56)‘9““‘“‘ JM&(Y’\\“ ‘).GU)L»
Aol g Lyles (V) ¥+ 99 T g aal e slozal)) 05,5 6 ,me ATCOR 538 s g odpeesd jyslas
ATCOR &g380 ass o] 51 Jeols> Sl i o o 4 ddlaie olas)] o8 Jow ¢ 8,5 5555 5 (6 yunedl eal
JeSo Bl a8 4SSl 2 asST L) céSplonil pglad (555 2 Sl 9 (SS9 gumeal 5 03,5 (Byme
L (il o0l o3laslen ol 00l )88 &5g33l (gl 8 yme 3l B anlllas 0,90 dihaio pygal 5 olad )| 098, Jow

28,5 Dz ol bl p3Y

ooy b slod 0,59 1 sl oo

5 Ve il g5y Timme oy 5 oSS slani 980 gy 99 51 e s sles e sl Gl ol o
A Comd A Cwad olsale Vo wil aSpl 4y axgi b canl S8 4y a3V Ll ool colaiunl A a6 lsale VY
2 s e il S Gl g lade 5 505 (reg S VPF) ey (il ol Bogazme 41 ) il
Oimls Ll oud ooliiwl (o) pdaw slod paedt gz A Cewad ojlgale Vo Wbl (gaibST oy 465!
Sl g awlxe JoB 5o 0 ) oxiy 9 (gL sl ;631 5l ool b pao ) prlans sloo prdans (gaie oS
ASb o

SCIM&S s 5o
So ghls a5 pleoaizin Glp &5 Cul (e il Glod eSS Gy (30 S sy JUESS s,
8590 dilate 51 (g el Jdg 580 SLedbl an L5 1l sl (bg, ol ol canlio diitwn 1> wib
S g g 5 ssyans) S5-3 oo bol> EXTOr! Reference source not found. alyl, 5l 5 s ls asllas
(FYF-FFe v -f

M)

1
TS:YY [E (\V 1 LSen+\|]2 ) +\|]3] +Tsen "YLSen

a—wl=e o8 Error! Reference source not found. alul, jlas b, cows p SON ol

- Dense Dark Vegetation (DDV)
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