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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
ggclgee%z?n revised form: this study is to identify surface geothermal areas by combining surface temperature and
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

G surface temperature. By combining the heat flows obtained from the Sebal algorithm and
Territorial Spatial Arrangement 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
N e 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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Y =12013072.+1.301687 X

r=0679772

[
785530917 320539917 358530917 308

917 434539917 47 2565304

-
low frequency

high frequency

¥ =12013432 + 1301796 %

1=0679738

286539917 32.0539917 358539917 396539917 434539

917 47 25365

-
low frequency

igh frequency

Y = 12013051 + 1.301681 X

1= 0679774

286539917 320539917 358530917 396530917 434539917 47 25TWWEB3N

-
low frequency

Y =12.014307 + 1.302085%

1=0679653

high frequency

286539917 320539917 358530917 396530917 434539917 47 25IWIEB3N

-
low frequency

high frequency

(<)

Regression Parameters:

X axis: $3_bl

¥ axis: Bostanabad SW b1
Coetz. of Det = 4218
Dev. of X = 2.9m213
Std. Dev. of ¥ - s.€85538
S.E. of Estimate = 4.172833
$td. Error of Beta = 0.020658
© Stat for ¢ or Beta =  €3.012083
© Stat for Beta <> 1 =  14.€04078
sa Size (n) = 4624
Appazent df = 4622
W showYaxine

Regression Parameters:
4€.20 &
2.571213
5.€30301
4.173580
0.020661
£3.006155
14.€06750
Sample Size (m) = 4624
Apparent df = 2622

Regressicn Parameters:

X ais:
¥ axis:

Coeff. of Det.
Std. Dev. of X
Std. Dev. of ¥
S.E. of Estimate
Std. Error of Beta

© Stat for r or Beta =
© Stat for Beta <> 1 =
Sample Size (m)
Apparent df

Regression Parameters:

X axis: S3._bl
¥ axis: Maragheh SW_bl

Coeff. of Det.
Std. Dev. of X
Std. Dev. of Y
S.E. of Estimate
Std. Error of Beta
© Stat for r or Beta =
© Stat for Beta <> 1 =
Sample Size (m) =
Apparent df =

[N

¥ show Y= line

46.21 8
2.571213
s.€35451
4.172794
0.0206528

€3.012445

14.€0351€
4624
4622

¥ show Y= line:

26.15 %
2.971213
s.€92152
1.175417
0.020671
€2.95145¢
14613338

4624

1622

¥ show Y= line

¥ =-1881878 + 1125706 %

1=0673766

% >
7

2 -

286539917 320539917 358539817

398539917 434539917 47 25IMEEISE

-
low frequency

Figh frequency

¥ =1.887830 + 1125796 X

1=0673881

L~

56539917 320539917 358539917 39

39917 434539917 47 253WREEIN

-

low frequency high frequency
Y¥=7.035985+1.086219X  r=0862572

86539917 320530008 65TN5TI0N7 396539917 434539917  47.253WMEBITE

-
low frequency

¥ =-2187024 + 1117483

120679580

high frequency

Az

86539917 320539917 358539917 396539917 434539917  47253WMEBINE

-
low frequency

high frequency

(A

Regression Pazameters:

X axis: $38 bl
¥ axis: SCH_Bostanabad bl

Coeff. of Det. - 46.21 8
Std. Dev. of X = 2.556012
Std. Dev. of ¥ 4.895211
S.E. of Estimate = 3.590288
Std. Erzor of Beta = 0.0178¢5
t Stac for r or Beta =  €3.011045
t Stat for Beta <> 1 = 7.036336
Sample Size (n) 4624
Apparent df 4€22
W showY=X ine
Regression Parameters:
X axis: S38 bl
¥ axis: SCH Bonab_bl
Coeff. of Det. 4€.22 %
Std. Dev. of X 2.556012
Std. Dev. of ¥ 4.83477¢
S.E. of Estimate 3.589448
Std. Error of Beta = 0.017861
© Stat for r or Beta €3.030847
© Stat for Beta <> 1 7.043034
Sample Size (n) 4e24
Apparent df = 4e22
V' show Y=X line
Regression Parameters:
X axis: S3B bl
Y axis: SCH Tabriz bl
Coeff. of Det. 43.50 %
Std. Dev. of X 2.s56012
Std. Dev. of ¥ - 4756854
S.E. of Estimate 3.562875
Std. Error of Beta 0.017725
© Stat for r or Beta €0.140522
t Stat for Beta <> 1 3.735133
Sample Size (n) 4€24
Apparent df = se22
V' showY=X line:
Regression Parameters:
X axis: 538 bl
Y axis: SCH Maragheh bl
Coeff. of Det. - 46.18 %
Std. Dev. of X 2.s56012
Std. Dev. of ¥ 4.860751
S.E. of Estimate = 3_sesess
Std. Error of Beta 0.017744
© Stat for r or Beta 62.978872
© Stat for Beta <> 1 €.€21092
Sample Size (n) 4€24
Apparent df - 4€22
¥ show Y=X line:

sk

R

4.9‘)4

g anlllao 390 Al 6Ly Sty g SOOI bl y2 003 19T 0 elans (SLod 2 9Ll (S 0 § (g5 —0 S
13200 0 y2xdy o 98 (0 (ST (voiy 595! (I <Y Jiosiiw daws slod 39 glad
OFY B, sae)

ol (ool g5l ST
ol 9 Gl Bl e s 03,5055 3 (Seein eloe S| (3L &S (il sl 4 aem
52 AT AR o LSen 5 LS 500 ) 3503 Sl 5 (osj gl S80S S5 5 0uiiSp 5 Jalge plo & con |,
5 potin) kS GRgim )d Sl 48 S )90 LSl plasl sl (Folite la ) et sl agh



VA B (of ditoso— (5 gl Ginlol g Lo

B0 o5l D Jlw VPP ylowsls

4SSl Jae SOl ey el (sloo a)STﬁ 3an (YA ¢ 45 e e (VYAY) )]0
Sl s Sl Sl o (5508 (50 e () 5 ealitul b 5 Joe cnl Jeome calp2 g 090 (> Joe
e ) e Jsle 3l b a oolisil 5,5 g s cdaime Bl g b o3 598 e alse 1 o
o> laJlagl ailyn s ;5 5 gy Sae Sl ) 5 00b0S (ae) s slod 4 3l ole S e
4 Sl gly ooliiul 050 gy 4 az g b pi pole sk j0 0SS plulil ) ol S e mlie 51 LS
9 =L8,] (o058, Jow 5l ooliiul b Cawadd gl (31,5605 gl &gl bo 53105 (et 51 (S San ()

ssbolen 5 dilaie (31555 5l (L2l Sl paile, JBlas 4 g 55T g3l L 5 (uls] Jl38le 5 50 T

g G ) 520 S s S Sl 20,50 1 ol i lapl ool o 53505 5
D9 (o) gk (5952
S oyl Iy aelllae 5,g0 ddlais ,o Jlow p.‘;.i)jill 3l Jeol> ‘S{Lo)f sleolb s S

T e

G (W/m”2)
Bonab
. 0.17-13.27
I 13.28 - 29.36
[ 29.37 - 4425
714426 - 58.55
715856 -71.65
L 171.66-81.78 f
[ 18179 -88.93
[77188.94 -94.29
[ 94.30 - 98.46
I 98.47 - 110.37

G (W/m”2) 3
Bostanabad ¥
I 0.09 - 11.75
I 11.76 - 27.10 e
27 -4123 8
T 4124-54.02
T 54.13-66.40
[ 66.41-76.23
76.24 - 82.98
77 82.99-87.89
N 87.90 -92.19
I 92.20 - 103.86

G (W/m”*2)
Maragheh §
I 0.46 - 12.95
I 1296 -29.02
[ 29.03 - 43.90
[ 43.91 - 58.19
[1s8.20-71.28
[ 171.29-81.99 f
[ 182.00-89.14
[77189.15 - 94.49
[ 94.50 - 98.66
I 93.67 - 110.56

G (Wim*2) |
Tabriz
. 0.18 - 12.78
I 12.79-28.99
I 29.00 - 43.99
77 44.00-57.79
_57.80-70.39
T 70.40 - 80.60
80.61 - 87.80
[ 87.81-93.20
T 93.21-97.40
I 97.41-108.80 |

WP WD AT x wway

Bonab

|391.89 - 419.88
| 419.89 - 451.00
71 451.01 - 488.33
I 488.34 - 531.89
I 531.90 - 690.57

Rn (W/m*2)
Bostanabad |

[ 298.89 - 323.77 |
1101132378 - 345.55
134556 -370.44
137045 -398.44
_1398.45-429.56
7] 429.57 - 466.89 &
[ 466.90 - 510.45 [

I 510.46 - 662.91

Rn (W/m*2)
Maragheh
I 0.65 - 286.90
I 286.91 - 321.12
[ 321.13 - 346.01
101 346.02 - 367.79
T1367.80 - 392.68
1392,69 - 420.68
142069 - 451.80
1] 451.81 - 489.13
I 489.14 - 532.69
53270 691.37

Tabriz
251 -282.53
I 258254 - 316.76
[ 316.77 - 341.65

1388.33-416.32
41633 -447.43
1] 447,44 - 484.77
[ 484.78 - 528.33
I 528.34 - 683.90

¥ =12650473¢ - 070X

1= 03060

e e S SR
pre— Vi uency
¥ =108.451430 - 00S4213 . r=-{.307460
]
{
!
]
]
P
'
7
I
4
5
1/
/

FWSS1156_ 45511800 64551155

eoTSENT BISTEESI! S290TEEGT £EO.OTSE

o frequency

h frequency

=

=121.108822- 0067923 %

1= 034213

225023575 38250

2875 52

Sagressicn Farsmesers:

X i 3 Boman b1
Y axis: G Bonab bl

Coesz. of Des. 185 8
Sed. Dev. of X 55140122
Sed Dav. 2f ¥ 11228854
S.5. of Estimate

7733438

R show'¥=ine

Segressicn Barameters:

% emiz: N Bestamamad Bl
T emiz: G Bestamsnad Bl

Coeff. of Des.
Sed. Dev. oz X
Sea. Dev. of ¥
S5.E. of Estimave

Ipparent df 7753438
P showvstine

agression Paramevers:

X axis: BN Maraghen b1

¥ axis: G Maragne b1

Goegz. of Dew. - mes

Sta. Dew. of X = ssaaes

Scd. Dew. of ¥ - nzsas

5.5 of Esvimae 10357232

Sta. eeor of Zaa o_0000e3

© Stat for = or Bems = ~1153.106088

<© Stat for Beta <
Sample Size im)
Zzpacent df

552 114252
Ti53880
RLETE

 show Y= ine

Ragression Parameters:

X axis: BN Tabriz bl
¥ amies G Tsbriz Bl

Caeff. of Det.
Std. Dev. of X

Std. Dev. of ¥

S.3. of Tsuimane
Sed. Zrmer of Zaes
© Stat for T or Beta

Zsparent df = 7752438

¥ shon = ine
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¥ = 804640117 - 2177241 X

r=-0.804571

= rorrprers ¥=733163505- 6.227558% 1 =-0.579312 Prepmectam o

Regressio:

~

-
low frequency

022357 912 1368 1551 23.99 285 3306 3819 43.32 48.45 5358 0

high hequency

(<)

X axis: SW_LST_Tabriz_Celsius_bl X amis: SGH_V2_LST_Tabriz_Celsius_bl
¥ axis: BN_Tabriz bl ¥ axis: BN_Tabriz bl

Coeff. of Det. = €4.73 % - 33.56 &

= 5.183208 s 455728

= s3.121842 59.121642

= 35105774 = 28190400

eta = 0.002433 = 0.003127

Beta = -3772.506071 a 578.599184

<> 1 = -2183.5779¢8 © Stat for B 1 = -2256 780101

= 7753240 Sample Size (a) = 7753440

= 7753438 Apparens df - 7753438

[V show'r=x line

low hequency

026466991452 198 2508 31.02 363 41.58 47.52 525 58.08 64.00

bigh frequency

(A

W show V= line
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¥=L005M0- 64 TBEH0X  r=-1000000

Rsolar (W/m”"2)
Sahand Region

Surface Albedo
Sahand Region 4515755000
= 3‘3 z:z B 57585 - 61638
E ) [ 616.38 - 636.65

77 636.65 - 651.39
[ 165139 - 664.28) =3
[ 1664.28-677.18

N TeED

04 02 03 04 05 06 0T 08 03

- — C ——
low hequency Fugh frequency.

@ (C) (<l

gk 39l 390 (0« RSOIAT 53 i (5 (RSOIAN g (o gebans (590l (s (Simnnod 3 3 (33 55 (AN -A S
OFY (B, ra)

G) S b )5 Lo
sadiylan palls (651 «SB Gl oY ule 2o bz SB aleF L ws SIS &S jsbplen
s b Lo s )Ld ped 3 el (il cleay (aLS gy 9 SB 0 LS 8,58 (Silear b ey @
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SYEOY Y0 Ll g ko) Sl (Kot Slge S5 0 alols 4y s Les (Lol S 5 (5, calas) 5]
SOl Cde Ay e e slos b S (el LS Jlow w581 1 ol sla il )l (les yo (YFY
330 gy b (pleS ey 551 atas glaJuSy lulid S pl & 4z gl adb oo S Lo S )LE wams oo
(ssSxn Al bl rizmen Wil go 2L by o9 polae ;b Cov i yolo Slagh 50 edlitu
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¥ = 101483567 - 44.039219%  r=-064T400 Regressicn Parameters: ¥ =32029437 + 1184100X 1= 059059 Regression Parameters:
a0} % axis: NDVI_bl T X axis: SCH_V2_LST_Tabriz_Celsius bl
¥ awis: G Tabriz bl 1 i ¥ amis: G Tabriz bl
] Coeff. of Det. = 41.51 8 1 Coeff. of Det - 24.88 3
—] Std. Dev. of X - 0.162098 1 Std. Dev. of X = 5 435728
r: 2 R Std. Dev. of ¥ = 11.02€545 Al Std. Dev. of ¥ = 11.02€845
ot o E 5.z of Essimsse = 5 403733 - : Ll 5zl of fecimaze = s.zssnee
Std. Error of Beta = 0.018€19 i~ Std. Error o eta = 0.000881
t Stat for r or Beta = -23€5.31573% = t Stat for r or Beta = 2037.85224€
‘ © Stat for Beta <> 1 = -2415.0251%4 T e t Stat for Beta <> 1 = 316.845217
-l‘f Sample Size (n) = 7753440 Sample Size (n) = 7753440
{ Y Appazent df = 7753438 Apparent df E 7753438
4 4 [ s
¥ shaw = line P ¥ show'r = line
<100 -0.84 -066 -0.50 -032 0414 0.02 0.16 0.30 0.44 0.58 0.72 0.8 1.00 0264 6599 14,52 19.5 2508 3102 36.3 4158 47.52 528 58.08 64.0D
- — L —— C —
low frequency high frequency (s high fiequency

(<) (A

(NDVDouis Jbo s sbl..\f gy 2Ll (O (oo o slod (WS g )5 L M G b 9 g Sy - S
OF Y B o)
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0,5 dwls
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Split Window A Single Channel |
LST(Celsius) LST(Celsius)
Bonab Bonab
High : 56.44 |5 High : 60.15
54.79 58.13
53.15 56.12
51.50 54,10
49.86 52.09
48.22 50.07
46.57 48.06
44.93 46.04
4328 44.03
41.64 42.01
Low : 40 Low : 40
0
e 6w
Split Window Single Channel =
LST(Celsius) LST(Celsius)
Bostanabad | Bostanabad |\
High : 56.43 |5 High : 59.47
54.78 57.52
53.14 55.57
51.50 53.62
49.85 51.68
48.21 49.73
46.57 4778
4492 45.84
43.28 - 43.89
41.64 41,94
Low : 40 Low : 40
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Split Window Single Channel
LST(Celsius) LST(Celsius)
Maraghch il : Maraghch

High : 56.45 I T High : 58.72 |5

54.80 { 56.84

53.16 54.97

S1.51 53.10

49.87 51.23

48.22 49.36

46.58 47.48
L4493 45.61

43.29 43.74

41.64 41.87

Low : 40 Low : 40

s

Split Window Single Channel
LST(Celsius) LST(Celsius)

Tabriz Tabriz I

High : 56.43 [ y y ¥ High : 65.72

54.78 { 63.14

53.14 60.57

51.50 58.00

49.85 55.43

48.21 52.86

46.57 50.28

44.92 47.71

43.28 45.14

41.64 4257

Low : 40 Low : 40
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Tabriz Tabriz

ITS00TN
ITS00TN

z z
= =

Bostanabad: Bostanabad

Azarshahr Azarshahr

IT400°N
ITH00°N

IT400°N
ITH00°N

ITI0N
ITI0N

Maragheh Maragheh

IT300°N
IT300°N

Tashtrud Tashtrud

Bonab Bonab

— £ T == g
0 0 20 40Km Result: [Pie | 0 20 40Km Result: [Pie |
Split Window (Bonab): Thermal anomaly Single Channel (Bonab): Thermal anomaly

[ Hot water spring [ Hot water spring

200N
200N

37200°N
37200°N
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