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Fig. 1. Location of the study area as a true color composite (bands 4, 3 and 2) of Landsat8 satellite

QL{A‘ J= U ﬁ‘}«ﬂj ub&;‘ )b (\ J)Js;-) &:««&\ OM&J[?L:J‘
U}ﬁ\dj.’qc(.)‘JJA)aLc&i)"ﬁ).,ajjbﬁﬂ\s.L\;u.a.w
Aol b sl el Eo Sk e psa 13 5, Ao

.Jﬂiﬁ&)ﬂb&\bb}&w)ch}awébbw

oslaiuls ) g0 (glaesls
Sloslgale nolas Joldosls ¢ g aw 51 sy cpl 53
S Gl phgad glaesls 5 lidlpa oKansl (slaesls
93 b eslanalsyse pglad ol sddeslinal ) c]a.“ sles
Al N4 gl Aol A cond 5 0 cawnd o lsale

oloslatw! L;\oj‘}h\.ﬁ Jg_)LAJ Sladein N djv\>

Table 1. Specifications of satellite images used

JJ{ —u ‘_533&:»: @)U L;w.a.& @)U (&L@}-) ﬂ}.ﬂj e QLA) <L5LN) ,‘l)“aj | QLA) A)])ALA
Vv \ng Yooo/eV/YY V4/e0/\« AT TR ARRASTAT 0 o
Vv \ng ARREVEV.VARI AA/+ 0/ VY \RK-A KK A S dd

Los Pl ¢ ons Casb ),y slaesls ¢y Ckw sles odle
Ls S ds e @)U 33 05 5o Cela YE Glos gSTus
Ck.d s 5 Ol andllans ) ge ailaie 31 akeii gy omen
Looslpale s L Olojan oSl 53 cnl Candsn 55 e
Clatie s o i gles 53 5l eslil
53 e el 5 Y Jadr s bl slaelSanl

iyl 53 5l e eliialsyge ulilsa (slassls

Sles oS It adllans s se 3 sdome 53 3 g ge S s
3L Cslu A a5 s, oKl 5 pl s O e
L oagdgr @S eillil ue law g Ble 0 Y Gas
o3ls Oboy o S5 ik Sl ojlsale s Oby 4 4 g

el 4&3;‘)‘)5 bbu.:.w\b))ﬂ aS 03 g V'Y ocela d.a\.sir&:a.:j

WA



e sl 3l eslial b Jus sl (B e sl et

e R T P
Olejly eddzils s slos Glosen ps) 5 Lo (5 pdy s
ghe sles males Bl 53 Cussdms 5 ojlsale e

(Y UK2) A (6, S eIl aglens 31 adadi s

93 hls el s 5,8 G‘.wl,a: NG RPN 24 BT IR S PR
A= 5 by Jlas cd cll 5 o 5 s S e
S Sesll RIS LR PP W E S SEVA BNV ER VR VR
2 b ws S 68 & b el b il s W

ool (slaolin ] Slaia Y J s
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53 &l MATLAB 2016 53l 5 53 A condid \+ 1L 5 0
abs s (8 JKE) 43,5 e 505 YN 5 Yene L
boanslie s g i (Vv b)) b O3l eslanad ST

ARR

ijéuéu:d%l&\fdﬂlsduj};w\ﬁ
wﬁ@‘)cwgbﬁoﬂ&;‘dblsﬁﬁjjﬁ‘)%
o) L S oslizd b L s dslas 5 SOy o0



VY4 Ols (pyle osbod /0m3 3k Jla) (b mlis 53 bS] SUeSb Gl 5 555 31 o

3 eslazal LA(.;U}Q\ <3y Colgs s S aclss NDVI Sl S e v.al)g VYo Ve L s QL«)'(.A oslazul
S (st gad 5 Ky s oS ch.w sles glaosls Sl 35 Kb 95 o JelS Ol LIS 6l (6 S Ol
53 sy el Jle IS L, 238 518 Lol s e el GhedenS s 5o b adads Ol (YA 5 YO)
ROW PRI P E T SIS slwlas lul  gaednS 5 NDVI el
R S O] -+ o B - |
fw (O @ @ E oy cmmy
S o ST e e st
e v = st
for i=1:1:m
for 4=1:1:n
pvii,j) = ((ndvi{i,j) - 0.2)./(0.5 - 0.2))*2.0;
e soil = 0.966;
emissivity?2 = nan(m,n);
o for 1=1:1:m
132 - for 4=1:1:n
- if ndvi(i,j) < 0.2
emissivity2(i,]}) = e_soil;
elseif ndvi(i,j) >= 0.2 L& ndvi(i,j) <= 0.5
emissivity?(i,§) = o_soil + (a_veg - e_soil) * pv(i,q);

o) i (Sled et g odband 5 LS 5 e 1Bl G5 Lams ¥ S
Fig. 3. Work space of MATLAB 2016 software and written codes to estimate the land surface temperature

2953 palas

A 50 cowndd)

Filn

>@

l_
R R I:

o>

[ Lo o 55 iU BRI ]

S Lgy la e F S
Fig. 4. Flow chart of research methodology

\Ye



oSt gleas Gl eslimal b sl 20! ck..« sbos s

sddoslizel NDVI (g 18 wbal > iy, 4 gdwdS
O s e Lile (g k] wl g Sl woar g Lol
Sloesead 1AL 55 e 31 YY) LS 3w NDVI 2L
CJ\J:SU Okl Bl 4 5 (Sessly 5 (g s
2 NDVI axls s 5 23 S el Laoslas 5 (5 el

NIR-RED

NDVI =
NIR+RED

RN

5 Kosp pepimle LU L NIR saal, ol s
NDVI astli isbous 3l oy Zamsl 50,3 L4 L ), RED
¢ J_}Ja- d"l’ d;l.z..;l.? ul}; caJwTCM.nJéL_: ﬂ)l.ia L}"L‘“\ 2

(70 55 o0 e

RSN

olpale 53 Il pslal Sl he S
Al mal s SN s crl s eslanals) s
b 3 s SMbl Gl s &) sen SQUAC
le 5 Jase (0) &S o esletul sddodalie sla |y
Gl ks Al s .ol sddeslied ENVI®S3
ks e 5 SOl Gladkil bl 4 s LSy 58
B oy Sl moeal (ol sl a4 ibal,

.(Yi):;jQ)yé)\F

e g skiadenS OIS (s
NDVI ot Jl s oS Jols anls 5l eslica L
o3 gdon 53 SL Cilties 3lge adindd Olg aslows Ol
G0 33 3 8 sk cnl 53 (YY) 5l e ol 3 Y-
oe s NDVIE axls Wlal P V0N VUL SRS PSS

NDVI 25,0 olol g hakn s 50ie FJ g
Table 4. Emissivity values based on the NDVI

NDVI

LSE

NDVI< - +/\A0
—+/AA0 < NDVI < ./vev
oV <NDVI < vy

NDVI «vyv

+/400

+/AA0

Vo0t + /0 8V x In(NDVI)

+/44.

LaS (YY) s5d 0 oolizal alS iy sl sls LS

A5 e ¥ aladly Sl esliad

&)\ =
£ NDVI < NDVI,
g + (£, — £)Py. |NDVIg < NDVI < NDVI, [Y]
Eva- NDVI > NDVI,

g Sy LU gl L ol g taaly cpl s

S PV (Al fdp el B S el S
s )y NDVI s 5 5 « NDVIV 5 NDVIs . _alS
NDVISS 5 olS 3l sy SlS gl oSy 5 o S

AR

e S sl Gl o eslialage pes )

G wlal bl y i Oy a5l (kS
b esgdew Sl 4 axg Locl NDVI sl
Sy b e3sdes L TIRS 5 TM ol > (sla ) g
S 3w LEay opl els cillas NDVI (6 108 slenlos
plie 285 5 elitals e (diednS Olge e
530 Condd (gl olS 5 S Ry 55 Gl gheknS
V)V Jsdr 53 (0 ) A ctd 6l 5 (1V0) 0 Jsus
3l re palie OF 3 &S i, ol .l el iles
S la LSy seed S b e 05 LG NDVI



1¥44 Olw)) ((UL@-‘:- o ylous /r-h.)j\g Jw) ‘;'-_1-.-]9 GU.A BE u-g\-}‘,'?' Sl LSl 5 593 3 ]

Y

-

)

Conl oS 5 S sla fuy 51 b slse NDVIS NDVIv

(# BL) O o oyl sale (gl 5 olE 5 Sl gAS lie DU g

Table 5. The emissivity values of soil and vegetation for Landsat 5(band 6)
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Table 6. The emissivity values of soil and vegetation for Landsat 8(band 10)
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Fig. 10. Land surface temperature at ground stations 3 and 4
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Abstract

Background and Objective Over the past two
decades, the intense need for land surface temperature
information ~ for  environmental  studies  and
management and planning activities has made
estimating the land surface temperature one of the
most important scientific topics. On the other hand,
different methods have been proposed to estimate the
land surface temperature, each of which has resulted
in different results for different regions. In this study,
the algorithms that have had acceptable results in
different studies have been selected and evaluated. In
the field of thermal studies, what is considered as a
major defect in monitoring the land surface
temperature is the lack of sufficient meteorological
stations to know the temperature values in places
without stations and information limitations in
preparing temperature data, especially for large areas.
The study area is also facing this shortage, and this
limitation further highlights the importance of the
topic selected for this study to estimate the surface
temperature using remote sensing technology.

H. Fekrat !, S.A. Saraskanrood(>9) %, S.K. Alavipanah 3

1. MSc. Student of Remote Sensing and GIS, Faculty of
Humanities, University of Mohaghegh Ardabili, Iran

2. Associate Professor, Department of Natural Geography, Faculty
of Humanities, University of Mohaghegh Ardabili, Iran

3. Professor, Department of Remote Sensing and GIS, Faculty of
Geography, University of Tehran, Iran

e-mail: s.asghari@uma.ac.ir

http://dorl.net/dor,20.1001.1.26767082.1399.11.4.6.6

135

Verification and validation of results obtained from
estimating the land surface temperature are other basic
and discussed topics in thermal studies. The purpose
of this study is an estimation of temperature in Ardabil
city and evaluate the accuracy of the four single-
channel algorithms, the improved mono-window, the
Planck's inversion function method and the radiative
transfer equation (RTE) method, to compare the
accuracy of the two Landsat 5 and Landsat 8 satellites
in estimating the land surface temperature.

Materials and Methods Three types of data have
been used in this study; Landsat 5 and 8 satellite
images, data of two meteorological stations and
ground data harvested with a digital thermometer. The
images used are from the two satellites Landsat 5 and
Landsat 8 with a time interval of 19 years. The
meteorological data used were obtained from two
synoptic stations in the study area. In addition to land
surface temperature, relative humidity, minimum
temperature and maximum temperature data of 24
hours were also obtained on two dates. Also, two
points of the study area were selected and land surface
temperature in the position of these two stations
simultaneously with the satellite Recorded from two
digital thermometers.

MODTRAN web version calculator software version
6 has been used to model the radiation and the amount
of atmospheric transmission. Emissivity with two
methods of LSE methods based on NDVI and LSE
NDVI Thresholds Method and land surface
temperature with four algorithms: single-channel
algorithms, An Improved mono-window, inversion of
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Planck’s function and radiative transfer equation using
band 6 Landsat 5 and band 10 Landsat 8 bands. It was
coded in MATLAB software for 2000 and 2019.
Finally, the accuracy of the algorithms was evaluated
using synoptic station surface temperature data and
field sampling.

Results and Discussion The collected data and results
are analyzed and while presenting the output maps, the
accuracy of the methods with terrestrial and
meteorological data as well as the accuracy of Landsat
5 and Landsat 8 satellites in estimating the land
surface temperature has been compared and evaluated.
The results showed that for the three single-channel
algorithms, the inversion of Planck’s function and
RTE, the first method of emission and for the An
Improved Mono-Window algorithm, the second
method of emission had a higher accuracy. Land
surface temperature data obtained from meteorological
stations in 2000 differ by 12 minutes in terms of time
and by 2019 differ by 4 minutes in terms of satellite
transit time. The first meteorological station is located
somewhat within the city limits and according to the
results, it seems that the most important factor is the
greater difference between the data of the first station
and the estimated LST compared to the second station
is the same factor because the heterogeneity of pixels
and large changes in levels in urban areas interfere
with a pixel value. And subsequently increases the
likelihood of errors in estimating surface temperature
within the urban anthropogenic range. For the ground
station, two points with a homogeneous environment
and outside the urban area with agricultural use
(alfalfa) and barren use of the harvested product were
selected and their surface temperature was measured
at the same time as the satellite. The output results of
land surface temperature estimation were compared
and evaluated with two synoptic stations and two
ground stations. In both histories, the single-channel
algorithm showed the least difference with the
temperature recording stations.

Conclusion In this research, using Landsat 5 and
Landsat 8 satellite images, four algorithms for
estimating the land surface temperature of the earth,
including single-channel algorithms, An Improved
mono-window, inversion of Planck’s function and

radiative transfer equation and land surface
temperature maps of Ardabil city for two 2000 and
2019 were coded and extracted in MATLAB software
environment. The band 6 Landsat 5 satellite was used
for 2000 and the band 10 Landsat 8 satellite was used
for 2019 due to less noise than the 11th band and the
proximity of 9.66 (which is the highest radiation in
this range). Comparison of land surface temperature
maps obtained by the algorithms with synoptic and
ground stations showed that in both 2000 and 2019,
the single-channel algorithm was more accurate than
the other methods. Comparison of the results of the
single-channel method with the stations shows a
difference of +2.5 and 2- with stations 1 and 2 for the
year 2000 and a temperature difference of +3.3, +0.9,
1- and -0.9. Shows stations 1, 2, 3 and 4 for 2019,
respectively. It seems that the direct use of
atmospheric transmittance coefficients in the single-
channel method process has been effective in the high
accuracy of this method. In terms of accuracy, after
the single-channel algorithm, the An Improved Mono-
Window method, the RTE algorithm, and finally the
Planck function inverse correlation algorithm were
placed, respectively. The results of comparing the
output of all four algorithms with the data of stations
1, 2, 3 and 4, show that the ground stations harvested
with a digital thermometer are more accurate than the
data of meteorological stations. One of the reasons for
this is the location of meteorological stations
(especially, Station_1) in the urban area due to the
heterogeneity of the urban environment and the
possibility of pixel interference and temperature
interference of land uses, while ground stations from
the out-of-town area. And was selected from an
environment with homogeneous pixels (barren and
agricultural). Also, the results of all four algorithms
extracted from the Landsat 8 image show more
accuracy compared to the results of the four
algorithms obtained from the Landsat 5 image, and
due to the improved spatial resolution of the TIRS
sensor compared to the TM, the TIRS sensor output is
more accurate, It was predictable.

Keywords: Emissivity, Digital thermometer, Land
surface temperature (LST), Ardabil
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