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Table 1 - Specifications of Landsat satellite images
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iagram 1- The process of Sabal's algorithm (RSRC, 2015)
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Figure 2- LST map

LST

400000
350000
300000
250000
200000
150000
100000
50000
0

A

7

The number of pixels

<305 305-310 310-315 315-320 >320

Sl da 2
Temperatures
—=@=27013 =@=2015 =0=2017 2019 =—0=—2021

3 Lol oty 4>, F VY Jlo j0 a0 YAO 5l 5 sl asils Jo35 aig, YoV Jlo joas JuSoy 0 50

los Slas rals az 0 YVA 5 YA-.Q a4 dalol jo 500 STay iolidlas o YAYY 4 Y-V L



o i sled (5 cl s YL

340

330 . °

320
(0]
5310
©300
©280
]

270

260
250

Lad

2013 2015 2017 2019 2021

LST ol pui yl 905 —4 JSCis

Fig 4- Diagram of LST chafges
e

.
99
S g s S, i 5| aS aius B 4y g ooy VoYY I sl JUIRL L NDVI a5l oncmslis 5 oylas JS5
oS 30,8 &)4:‘0/6 3 s g 206 &)4..,0/6 SO/B 50,5 5\;)4.30/4 (5|10/2 ‘S.;)J)'.,...,S.;)O/Z Bl
ol 08 ,STa il (0/6<)5‘( 0/1) K5,50%8 9 0,85, slo Sy ol opl gl 4 axg5 bl 00y ,5

- -—

Lalaly N
I <
002
[Joz-04
I 04-08
- os

1inch = 6.56 miles
0 2 4 8 12 18
- Mies




NDVI jaslis aids -5 Jsei

Fig 5- Map of NDVI index

NDVI
1200000
1000000
0 g:zooooo }
(&)
x
o S600000
30
= Z400000
200000
0
NDVI index <O 0-0/2 0/2-0/4 0/4-0/6 >0.6
NDVIgasli
—=@=—2013 =0=2015 =@==2017 2019 =@=2021
A}
. .
99
NDVI JowSny 5315505 BB S
igure 6- Diagram of I pixel changes

S0 & oy 0,50 0590 10 BT snmolis 7 o)las JSo

(K58 e TV YD w!ﬂ 5
1255 |y ol o ateiee B 5 ST Sl g b K, 4 FY e JITA8 ) o, 4 TN JITY -

)QYLQ\.;A.‘?)QVY“&‘
90&93]@ ¥ ]o)| C)L'> 3o 5 J.wiu wa‘)ﬁ‘ OMOQL&J @Lbd.:d?j.sl)w‘ o%é; JLC ‘S*u)ﬁo)j.oé.&]ai.c




| iy

| I <os N
{ I 205310
| [Jea10218
| Il 21520
| I 20 1inch = 8,28 mikes
0 17535 7 105 14
BT -7 Ui w
Fig 7 - BT map
e
a . a
BT
400000
350000
300000
250000
< 200000
= 150000
é % 100000
& 50000
12 7%
4 2 <305 305-310 310-315 315-320 >320
£
FoCoaan
Temperatures

=@=7013 =@=2015 =0==2017 =0--2019 =@==2021

g

BT Jestr ol i 15905 -8 S

Figure 8- Diagram of BTS pixel changes



v.,.,\)sl o..\...moul.m.a @L.» 4 dz>gi L aS AR 0 QL"“” ‘) oLELS L..MS...» PP yw g U")"f)f u‘).....u )‘.59.@ 90)Lo.~u Jim
oS e S Slpsd el adls (o33 g, VoV Jlo soras JaSy 00 50 50 aiired 0350 JuSen (e S slod
ol 009 VoYY LYY slo o (gl p az 0 (325/6.325/2.325/1.321/1.322/3) Oy guods

ol i sled (i oy 5 YL

330 — — —
320 O —-
L 310
2
., © 300
32990
5 280
g
270
260
250
2013 2015 2017 2019 2021
- - -
.
BT s slo9h-9 Ui
w ig 9-Cha BT changes
.
|
ve
|

S5 s Alawd O & oS sl 5 el (5 m— et saiealid 10 o Lo JS
25 gl s oo plid 1) ol (et g obj i 4 a8 g (266 ) 5 Lawgie 35
SV Jlosleansls gt 3 05 ) Lo 305 s IS 08 55,0 7410
2 G- e Sig; sy sl 00l S pale S e 10 S5 SlaJunSy 5 (Rl 54l S e ael i slacend o
el 00,8 o Gial33l 50,8 sla Sy g 00 STas iali8l el o



N
Laial
-"5-5, A >
=

[~
B -
.
Tinch = 5.5 mies
0 175 35 7 105 14
-

vV -

LaaQT sl gy yo D40 0T 905 [y yeS 45 W0 ,S o oolaiul § -y o)jiﬁ S wdge odiztiaw ;|

6‘)J).~o Voo 9 Jg‘ V 6‘))).«)\”‘ C?""S Ls‘)b R L)J‘ ) OQLAIM‘O)%A Cwdd] o)‘sibl.c Lol e 005.3)3.070‘

Yol ol las Gy ool gl sl g 2 plo & S (g 2 0l Sloa o 51 (Sonl 9 ol ()l il
gz, YYe Jlaz 0 Y10 loo b slo sy ol 00,STows ialisl 555058 9 (20,6 oo YAV JLo 5I(LST)
Siy508 90,5 Sy sl JuSs ols Lzs NDVI L L...b ol 0038 5 I o) 090 adlaie 0 YL 4 4 B VY
VO - o S g il 00 ,STaw iol33 BT Lasls aslol iomed g ol 00,STaw il381 (0/6>) 4 (0/2-0/4)
s NDVI) olS idg leo bl 4y azgi b sl oolo Wb 4y a0 YV 5 az 0 YY--YV0 & 1) 055 sl> a0



Sogre g, 3l LIS (Jhwyddy (3,55 55 @l w5 )ljoe 3l 35 S Samlne i &5 (e el sleo
el 00 Sl SRl Bpai e e S e Sl )l o 0 VNN (VY Lol aidls 0525 3 e s )0
0dd Jip S o) gl 00 (Sgm 3l g 0adiad LS by ad) ed )l lacend 0 Jhagh il mlE 4 ez L
VY Gl Jlo a5 iogh gl 4 ax g5 b ogd oo slpainn Ll jo aslaalis )...;T.. Gy e li8ly Jalse ol g
Jse 5l ean] Slidod o Cunl 03,8 Co 5w puses )0 b 3550 5l yl5 50 (Gogpidne Dlpis VoYY 5 V4N
B 050 g G0k 5 (owlidlen slos oylel 5 ()5 et ozren else 5 95 ool %"w 5 wlale ailg,

- Bastiaanssen, WG., Menenti, M., Feddes, RA., Holtslag, AAM. 1998. A Yem
balance algorithm for land (SEBAL). 1. Formulation. Journal of Hydrol
- Bastiaanssen, WG., Pelgrum, H., Wang, J., Ma, Y., Moreno, JF., R
remote sensing surface energy balance algorithm for land (SEBAL).Par
212, 213-229.

- Bastiaanssen, WG., Allen, R., Tasumi, M., Trezza, R.,
Algorithms for Land, Idaho Implementation, AWvficed tra
grant from the Raytheon Company through The 1d3Ro D

ensing surface energy
-212.

WGY., Van der Wal, T. 1998. A
, Validation. Journal of Hydrology,

002. SEBAL, Surface Energy Balance

user manual. NASA EOSDIS/Synergy
r Resources.

4.‘e$‘ agriculture and the role of remote

.00i.0W10.1080/07038992.1998.10855254

of current radiometric calibration coefficients for

Remote Sensing of Environment. 113.893-

- Chander, G., Markham, B., Helder, D. 2009. Summa
Landsat MSS, TM, ETM+,,and EO-1
903. https://doi.org/10.1016/j.rses
- Encyclopedia of the Islamicgaorld®001, volu i briz, under the supervision of Gholam Ali Haddad
Adel, Tehran: Islamic Engyclopedi

rces. 2000, page 48.
, Y., Liu, Y. 2009. Regional estimation of daily to annual regional
in the Yellow River Delta wetland. Hydrology and. Earth System

-Jia, L., Xi, G., i@\ &), Hual
evapotranspiration with M
Science., 13, 1775- 1787.
bakht J, Kaviani A. 2016. Estimation of crop actual evapotranspiration using
: Khoramdareh region at Zanjan province), Journal of Echo Hydrology, 3 (3).
lish abstract).

wJia, L., Zhou, H., Lu, L. 2010. Estimation of evapotranspiration in the MuUs Sandland
th Syst. Sci. (14), 573-584.

s, LN., Acioli Imbuzeiro, HM., Pruski, FF. 2019. Performance of SSEBop model for
estimating wheat acttial evapotranspiration in the Brazilian Savannah region. International Journal of Remote
Sensing, 40(18), 6980-6947. http://dx.doi.org/10.1080/01431161.2019.1597304

- Mohseni Saruri M, Ahmadi H, Nosrati K. 2010. Application of Sebal model in estimating evapotranspiration
in Taleghan catchment area, The first International Conference on Plant, Water, Soil and Weather Modeling,
November, International Center for Advanced Science and Technology and Environmental Sciences. (In Farsi
with English abstract).

- Papadavid, G., Hadjimitsis, DG., Toulios, L., Michaelides, S. 2013. A modified SEBAL modelling approach
for estimating crop evapotranspiration in semi-arid conditions. Water resources management, 27(9).3493-3506.
- Rajeshwari, A., Mani, N.D. 2014. Estimation of the land surface temperature of Dindigul district using Landsat
8 data. International Journal of Research in  Engineering and  Technology.3.122-
126. https://ijret.org/volumes/2014v03/i05/IJRET20140305025.pdf.

- Liu, S., Bai, J%
of China. Hydrol.
- Lopes, JD., Rodri



http://dx.doi.org/10.1080/07038992.1998.10855254
https://doi.org/10.1016/j.rse.2009.01.007
http://dx.doi.org/10.1080/01431161.2019.1597304
https://ijret.org/volumes/2014v03/i05/IJRET20140305025.pdf

- Remote Sensing Research Center (RSRC).2015. Estimation of evapotranspiration, costs and the amount of
water saving in agriculture (case study: Urmia Lake basin for 2010), EWRC in Sharif University of Technology.
- Sanaeinejad H, NASSIRI M.M., Zare H, Salehnia N, Ghaemi M. 2014. Wheat yield Estimation using Landsat
images and field observation: A case study in Mashhad. Journal of

agricultural sciences and natural resources, 20(4), 45-63

- Sharghi T, Bary Abarghuei H, Asadi M, Kousari M.2010. Estimation of reference evapotranspiration using
FAO-Penman-Monteith method and its zonation in Yazd province, Khoshkboom Magazine, 1 (1). 25-33. (In
Farsi with English abstract).

- Szahd, S., Elemér, L., Kovacs, Z., Puspoki, Z., Kertész, A., Kumar Singh, S., Balazs, B. 2019. NDVI dynamics
as reflected in climatic variables: spatial and temporal trends — a case study of Hungary. Gliience & Remote
Sensing, 56(4), 624-644. http://dx.doi.org 10.1080/15481603.2018.1560686.
- Van De Griend, A., Owe, M. 1993.0n the relationship between thermal emissivity and the
difference vegetation index for natural surfaces.International Journal of Remote Sen3i
1131.(https://doi.org/10.1080/01431169308904400).



https://doi.org/10.1080/01431169308904400
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in various applications such as agriculture and water resource management, i gation planning and

plant growth modelling. Accurate evapotranspiration estimates are essefitial i such as climate change,
sustainable development and water resources control. This research ai igate the process of thermal

changes and the rate of evaporation-transpiration of the Tabriz

evaporation and transpiration. For this purpose, Lan llite i&ges in sensors ("OLI_TIRS") from 2013-
2021 have been prepared from\the website of the National Aeronautics and Space Administration (NASA).

Also, in this research, the techniq ing and geographic information system were used,

which were combined eff@ive y

and Envi 3.5 softwietapoc
.

index showed and red pixels (0.2-0.4) and (<0.6) have increased. The index (BT) has increased, and
310-315 pixels have, been replaced by 320-315 and 320 and above. The evaporation-transpiration results
showed an upward tfénd in evaporation-transpiration, and it increased from 2017 to 2021 in part outside the

city centre.

Conclusion: According to the results of this research, evaporation-transpiration has increased outside the city
centre; in the parts where the temperature increase has been recorded, the rate of evaporation-transpiration has

also increased, and a significant relationship has been documented. It is also suggested that according to the
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results of the research in the years 2017, 2019 and 2021, visible changes have been recorded outside the city

centre in evaporation-transpiration to use the daily, monthly and annual formula in future research.

Keywords: SEBAL algorithm, Heat Island, air temperature, evaporation, Tabriz.




