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Table 1. Information about Landsat data and estimated atmospheric parameters (1989 to 2021). Ref: ogmet
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Table 2. Thermal band calibration constants for Landsat satellites (34)

K1 (Waltts/(m*sr.um)) K2 (Kelvin) o)l 5abe
vV \YA /01 L wb) 0 cewnd
/eq YYAY/VY A XLV cwwnd
VVE/AQ VYTV /oA (Vv WA
EAY/AQ VYO OV LU A

s S s awl=e gl (Mid-latitude summer) L.

W

Mean  Effective) i.dl i b :Sle
(Atmospheric Temperature

S wfvlﬁo dols gl 1) es OVslao ¥ J 0

I, (To) da‘” o sy sles Slesladd L (Ta) jauwd!) gles

(¥0) (T0) haws 4y i35 (sl gn bos 31 ealinl b (TA) 30 jhemad! (glos daw gin (s - J b
Table 3. Estimating the effective mean atmospheric temperature Ta using the near surface air temperature (25).

L;ﬂ?‘- bl}) Q‘Y;bu

S s s

Ta=17.9769 + 0.9172xT0
Ta=16.0110 + 0.9262xT0
Ta=19.2704 + 0.9112xT0

(Tropical model) (5 s S Jks

(Mid-latitude summer) Lo L3l 5o Skl

(Mid-latitude winter) jle olslss 50 Sl

e mhm S S Sl eld lede G Sler
$2505 Olysas ot O 5 Obej 56 sl s (NCEP)
Y) &S e osliza

2yl 0 Gl sl g sl bl sl
el iaad) e el (s cpl 3 sl kel ) U
L headl JUEl wodigyimly milisly i) Vh bl
Sy (ACPC) il s ey Saculs Sl esliz
aaly 5 (SCA) JUE S (MWA) o ey 5 slagz ;S
el ool (RTE) 2ol Jlax)

(Water Vapor Content) jiw.s! ol gl i

Sl Sy Gl e sl il sla g
Lol (gl ymme andllas ol 55 a5 ol slesls A @)
o Sasby elidlps GlaelSinl glaesls 51 eslizd
Sk sl (To) Tl & S5 sles 5 (Relative Humidity)
(0) 555 50 apmlme £ alail,

Atmospheric ) el e L Jlxl oG
Up welling ) oxs VL .ibsl, «(Transmittance (t)
Down welling ) oxs, sl Lsl, 5 (Radiance
(Radiance
National ) LG (ol slzs 5 355050 Lo IS ol
Izl G Aeronautics and Space Administration (NASA)
Sl gromal gl )l Sasloes 4 by jne phnall el
(Atmospheric Correction Parameter Calculator (ACPC))
ol WL Suiloly Genal] s b Ul Ll S 63 500 451
Gl p o s Ol S o dalons | 0igy b ulsl
Colw s 4 Bk 3l g e Sl el Sl el

el ol slwl (https://atmcorr.gsfc.nasa.gov) | s ses

6‘)" Ls‘c)\ﬁb ﬂ_}L.aj S » 6}‘*‘"‘5\ CJ‘J;\ c.?:..a.s
S (.;)ﬁj‘b u.;LA) J..;- 9 (-;QS )jh)"ui?d..ﬂ L;LQJJ.’)[S
LgLaJiLéjﬁ BIRgY N c.;;.m’ el ol il L(A)

Y



JJ";LE; L: dL&M 4(NDV|>'/°) rj.w dL?- BLEN)
SN0 (NDVID) a8 iy Sosles odidbe ) als
w38 s olS L oedd slidig SlS ble Olye 4 +/0
g2, NDVI < 0.2
&) = SSX+(EV;\—ES;L)PV, 0.2 < NDVI < 0.5 [5]
£, NDVI > 0.5
jfl.;g uw»;“lﬁ LSJ».Q.L?WS/ oy OLis %JJA{ESJSV
Col ALS idg Cad 55 e sl 55 (FVC) (S

_[ NDVI-NDVIpin ]2 [6]
V' " INDVImax—NDVIpin

NDVIpin =/ 5 NDVIgay= +/0 Jler Condpe 53 oS
sl

Al g1 (LSE) oo el (gulindenS 015 gos
(V) s aewloe Vo ala 5

LSE = g X (1 — FVC) + ¢, X FVC
[v]

£ 3L (LSE) e o diedinS Ol 5ol e
s ol gkl alS iy s S ghalnS Sl

RGS P ehjjii JjJ\?,')J 6*’\"*1‘:"“§ﬁ>u‘d U‘i‘}

w; =

L
0.0981 x {10 X 0.6108 x exp Lo 2725
273.3+(Ty—273.15

RH} +0.1697 [4]

O 5 aS

2 S5 sles To 5 Sl (slse w; (g/em2)
35 o,Lal s Zusby 4 RH (%) 5 cod S s
(Y0)

Land Surface Emissivity ) slaws ShadnS Ol 5
(LSE)

23lis 31015 e 1y (LSE) e el CleleS Ol g
Normalized ) alS jid s <osls sdddle 5 el skl
aw 3,8 L s L (Difference Vegetation Index (NDVI)
Wl 0Bl 0 el ys a8 adss I coglate o) e
AYE 519) 35 ess

<a s S Olge a JM& (NDVI <+/Y) Jsl &I s
al 5 Sl slie 5l gadnS 5 558 0 4 S a3 s
Al D 4y 50

bk 5l oSy (/0 <= NDVI <=+/Y) ps> = o
el sl | S5 alS iy 5 o) S

(Y8) cwwdd g, okl sl 5 Skl pslia -8 Jgdo
Table 4. LSE values for Landsat thermal bands (24)

(AR Yool 1L ChalS
</AVY +/AV) ALY (es) S gl S
+/4A4 +/AAV </AAs (ev) LS iy shelnS

Lsensor <y ch.« ng € (e CEM by Ty
G5 vs s Y2 A 5 SOl Ll Gl ek (Lol
Lies SN &b« wsly S8 57 bl oo kies G o

J....ﬂde Cows 40 4 laddslas lul o

CyL . _
E) Y = {% [C_lLsensor + 2 1]}
6 = —YLsensor + Tsensor

C; = 1.19104 x 108 W/m'z.sr‘l.um"
[4]

-1

Yy

LST (2bib sl b,

Single-Channel Algorithm (SCA) JuLls &G (gwjij\

SULST bsl sly 1 (SCA) JUs S o, S
(Landsat TIR) cewid g5l,> 50 3035k sdizei (glaesls
(0) S o eslizul A dlaly Selul

T, = y[s_l (YLsensor +2) + P3]+ &
[A]



Vet JLQ (VS& e)La-:- /rn}sl..:- JL.«) g;'.::.b @hﬁ B ;;.’.\:‘.ﬂf”’.' QLF%‘ 4.1'\.&\..«3 290 3‘ u:ad..«

C, = 14387.7 ym. K.

4.:/\&1,..&.)*.5\\}\'db&bé‘f}@‘fﬁj&\\/b .
‘U_UJS > a.\;;;.;.« k}.’lu‘}) LSLA.} Tsensor:O\ L 45

(0 d}b)@‘fﬁj&\\‘j\'/q%;
oslitwl 5,90 Solm 50 3095l LL S3e T Jsb 4 5

Table 5. Center wavelength of Landsat bands

A; (um) L ol sale
VV/¢0 ! V=0-§f k)
\'//\ \' A &:ﬂw.\aj
VY 1 A S d
Y, = 0.14714w? — 0.15583w + 1.1234 S 8 Ly VS s alal, slacaliCo 5 Cy

W, = —1.1836w2 — 0.3760w — 0.52894 [10] )
L Y3 ) r0184554wisrk 18719 dy JOBET b 5!
153 e Ol oo Vo gladlslae lil

Spit-Window Algorithm  Mono-Window Algorithm  Single Channel Algorithm  Radiative Trans{ | ¥ | :
AEI PQEV

Sensor Type Landsat 8 (OLI-TIRS) v
Thermalband (Band 10) [

| E - Land Surface Temperature (LST)

Thermalband (Band 11)  [Rast | B
O novi O Lse
Near-surface temperature |E'.':- ‘ 0.8
Relative Fumidity RH) ~ [Entes un
Output [ | B2 0.6 4
RUN SWA
0.4 4
0.2
0.0 : . ; .
0.0 0.2 0.4 0.6 0.8 1.0
Fig. 1. User Interface for Single-Channel Algorithm
|
(MWA) ¢ 2 S (,:J_Uijl 3l b ools e 1y LST Mono Window Algorithm ) o > &G r'w)fj
1(Y0) 5,51 s s (g1 (YY) o85S 4l anee 5 (MWA)

T,={a.(1-C=D)+[b.(1-C—-D)+C+
D]. Ty, — D.T,}/C [11]

Ye



adl Ui 5 LSE Jo 5 ealital L ot aloms o, S
duqbam&ﬁ)ﬁtdtféf)tsbb\‘&iiw‘

.MJL;O

a=—62.7182,b = 0.4339,C =X 1,D
=1-9[1+A—-¢)x1
UT L 45

):&MJJL;DJT‘&},\SWJ{W)CL“L;LA:TS

2 Al Fhe sles S0leTa (o slS s

}a)chhwéwsgﬁaﬁ\du;&\1¢w)lsw

(Y0) & iy S 2,801 by @l o 1 Jsutr
Table 6. Coefficients a and b Mono Window Algorithm (25)

() L) b (O xb)a () glos 63 3dons
V/8OAN —V+/\VVe VeoYe
V/EYYY “TYVIAY 00—t
EA —00/£YV1 R T

Sl p3Y oy SO, S b LST e (6l

258 e Wl STl e 5T sl s g0
b 5 Cugh) a5 L Ol e 1 heedl Tl (sl
Syl S @ | 8 33 ;.J)Gg s

.(https://atmcorr.gsfc.nasa.gov)

Split-Window Algorithm Mono-Window Algorithm

Sensor Type

Landsat 8 (OLI-TIRS) v~

glaesls 5 &8 cl maw 4 Koy sl sl To
N SlaolSans|
Cews 4 (hitps://www.ogimet.com/gsynres.phtml.en)
Sl S o il e Sl S0l Ta e
T o s 0 VY daly elal  andllas ol 3 a8

T, =
16.01110 4+ 092621T,(Mid — latitude summer) [12]

Single Channel Algorithm Radiative Transt® |

Thermal band (Band 10)  [r

Thermal band (Band 11)  |Raster file f
@ NDVI O 1se
NOvE [Raster fie

Near-surface temperature  |Enter t

Relative Humidity (RH) i ter Relative Humidit

Output |

RUN SWA

oy S5 o2, R s 0l Ll Y S
Fig. 2. User Interface for Mono Window Algorithm (MWA)

daly 5y 5l e sl el 4 5l S Suas 6y
(YY‘) W o:U;..,:l ‘J"LT& Cowd “ \Y

Yo

L by g bbbl 4 s ple 4 xS L
S5 S S SILST bl sl VA ] s



Verg _)Le (r& ULQ-Z/V.A.:/'JLZ Jw) ﬁ@\.’.& BL) &\:.ﬂ}'."- Sl Gblu 9 590 j'uﬁad.w

p="5=1438X1072mk = 5 i p

.J..Aadaﬁ}udbeﬁd%&&)ﬂ\

m Single Channel Algorithm

Sensor Type
Thermal band
O novi

O Lse
QOutput

Radiative Transfer Equation

LST (T,) = BT/(1 + A X (%) x In(e;)) [13]
ol 26

() oon e sles (T2)

(K) otizew s clﬂ-w sles oldy, sl BT
(o S V1/0) ok ables ilisly 50 Jsb 4

Mono-Window Algorithm_Simple |4

RUN MWA

Yo o iy S 05 K (6,8 Tl Y S
Fig. 3. User Interface for new Mono Window Algorithm

sy o RTE) Lol Jusl dsbes osSan =
Sheslanad L LST oLsl Gl oo (nfemlbe 5 poiies
il Jal el aralme ol e 5e 3055k Ll S
Q) ol zoe dsb S0 5 ol Solm LSSl
(V) 3551 Gz 0 V8 ety ell Ol o 1y

[141L5°™ = [eBy (Ty) + (1 — &) Ly|t + L},

ol Bl e 3 edd I SLLLETOT 55 oS
(ol el ol e bl By 500 5 ) b e
LTS Gl oo o e S sl ol bl ilsl)
JSE sl s VE daly 05 S &)l L OIS s
Lo Tsgles 5o ol xS sl ol sbl ilsl
s g V0 abaly bl g 13 daly Ospes e sSee
T e

sen_ph—t(1-e) LY

L
B, (Ty) = A

TE
[Ve]
J)jThl».deu\-\ ib;‘) wb‘j}&édﬁ;b))

Radiative Transfer ) b Jsl aa, ﬁ.u?\”
(Equation (RTE)
S eS| i 5 oyl

Sos Slolmle sla o) xS Dl mead
Sosre S xS el e las 8 Gl
A Sl LT pess 5o Soilatnns slalas 4 s ol
L LST oLsb slp 2,08 2 sl fss Sl (S0 a5 0 S
A JUE slee S5y e s o8] g
daly xS 5 el (Sosls SO Bl o, ol
Blod 5l L1555 el ol L S sl a6 Jlasl
JUisl alal, s, oes @l [ Lids LST LUk ok
dop sled) o5ee o Ll DMl 4 A6
b JUE! Jae s Sledbl cpl sls 5 (Glas 5 ol
S Aad] el (Sl p3Y (6 pad| il a acslee Sl
sl 5 el s ligy VU bl heesl JUESH ol

D g (b yxa pall oyl

A



Ll Ol ;IS glacul slie K2 5 K1 il s oS

BB Sl S ol cad glaelale las gl Sl

Sl ol Ll b K e cs 4 el oslsl b
s g DL 1 il Ui el o5 S

Algorithm Mono-Window Algorithm

Sensor Type

Thermal band [Raster fie f

Single Channel Algorithm

K3

K1
n| ————+1
<Lien—L;—t(1—£) L >
TE

ARY

Radiative Transfer Equation  4.F)

O novt
O st

Atmospheric Transmission |Enter the Atmospheric T

Upwelling Radiance

Downwelling Radiance

Output

RUN RTE

b Il sl o, S (5 )8 sl £ Y
Fig. 4. User Interface for RTE

Ioen o ey Sladil )5 odizeew 3 gldgy gl Ty 5T,

Gl Ae (gledenS Lot (plS Cowm ] s

el (@lem?) aecas| Ol b IS i W 5 gt S
laesls 31 a8 dces lme o oy ol o Co-Ce

SNy slialenS Sln L g o e 0SSl

S e R R P R PRT-R I Wy
£=05(g;—g) and Ae= (g —¢)

[VA]

oJ)jT-\JjJ?,' B \J,>r.4 °)>."-.‘:’: v,‘:i)}iﬂ V—l\ﬂ J—jﬁuﬂ
oy w2 Sl 6l ks 0 JSE () el e

(Split-Window Algorithm (SWA)) | ;2w o 2 V::’)_}—Q‘
4SS o oozl i L 53 3l s oy S|
Lols 13 e Ko VY B V0 headl oy 3 Ysons
Jools 31 o3l b 1y sl 3l e 6ty 055501 .(10)
Sl Sl 58005k Ll 55 53 (6 hunll ol
Lo S5 Culgnn 5 LS e Bl 2y S VY 5 )
&S o Jlosl LST arilons (sl 1, slidiy, slos o 2

(V) ol o LY sl 3 o2, SISl L

To=Ti+c(Ti —T) + co(Ti - TJ')Z+C0 +
(c3 + cuw)
(1 —¢) + (c5 + cew)Ae [17]

vy chw SlsTs w0l 45 &S

() Ime 0 iy 255801 sl =V Jsutr
Table 7. Split-window coefficient values (20)

Cé cs c4 c3

Cc2 C1 COo

Vg —\Y4/Yee o —Y/YYA 08/Y v n

JAAYOVFVA L YA Sl

v



Verg _)Le (r& UL«Z/V.A.:/'JLZ Jw) ﬁ@\.’.& BL) &\:.ﬂ}'."- Sl Gblu 9 590 j'uﬁad.w

Split-Window Algorithm Mono-Window Algorithm
Sensor Type
Thermal band (Band 10)
Thermal band (Band 11)

Landsat 8 (OLI-TIRS) +

Single Channel Algorithm  Radiative Transt ¥ P .

O novt O Lse

Mear-surface temperature

Relative Humidity (RH)

Qutput

RUN SWA

e 0 oy o5 81 (2,8 Ll —0 S
Fig. 5. User Interface for SWA

750530k b 3 4 5L s 4 e o oy slann; S
23,8 8 eslimal sy A Cewdkd laesls U LS Sl
e o oy oS0 Soas b ol g LST (slaazi I
Aas e Sl VoYY YO ladle ol

Jle 3 iz o ey L;u(.;wjin LST ol s o3 gms
o sl 5 318 Sl az 50 08 B Ye/4A Bl 0 YOV
sdel s 4 51 e ax s OAEY B YY/EA o YY)
53 b o SVL 5 e sdalin pslal 53 a5 sboles ol
sole 5 pb slaes b s5,0liS Slacnes 5 g 03 5o
el 0 Cegil ALE iy s MK Gble s ol
adlae w3l Los Sloy 5 S w55 e 5583 s
sk el 5 8 glaatd b oalie 5 mi
el lises

Ckd Gl g sl bl 5 Sl Sl a5 L
(YF) o3l (gl oo s S GG 51 e 39 50 1AAY
s LST alss sl o500 5 sba bl & 55 &
(Y K8) A eslizal o ol sl

32 (e 2
slaosls L uv;i)jill el ml Al oskiads
Slag e ke sl slas (ool Jlne 51 il o ol
3085 bl Jles & RMSE s esliz! (RMSE)
E) JJ.A gg.“: .)a.w‘}:v o.l,\i:wﬂ J,ibu.n O CJ_}U’J S ol

(Yo) "\“SJ Jli))‘ﬁ MLU: VA L> b ol odalive ﬁ;LE,a
asles LST 55 4 Totation sTsateite V4 a22ly 3
bli.:-«vJ”‘ Lgl.aa:\.b r o LST 9 6\@)‘}AL¢ ﬁ}l«é )‘ ol

Aas e QLS Ty wlaalis slaas g dxas

RMSE = \/Z[Tsatelliten_Tstation]z [19]

sLandsat 7 ETM+ [Landsat 5 TM slasts 31 oslaza
T femend A g ik L0 Landsat 8 TIRS
daly JUE SO dmee oy &L“p;ijjij‘ JL c—’i))ﬂ

LAE ) g oﬁ;ﬁ&@wﬁ)ﬂuuﬁu Jl!

YA



SPMUE N S4°22'0"K 24926'0"F, eI EL N
LN L
s 5
Ll Losal

* ol s oS ¥ Ul sl S

"N BSTSORTN 3SSS2UTN J6TS4NTN

() sy et e ey

-

T T T T
JCAOTN APSOTN IEOSETN 3EOSA0TN

" SWA 2013 TIRS

"
: wom High : 54.09

SWA 2021 TIRS

°C
Po— High : 58.44

324NN
36746°0"N 364NN

JOWDUN IOAROTN 3NN 3OSIOUN 36OSE0TN
I6°46'0NN  J6TIN'OUN J6TSOOTN BECSIOYN J6FSAONN
L L H L

Low : 20.99 — Low : 23.49

S42207E S°26'0"E S4°3007E S4TMOTE 54220k SN0 SR S4MTE

OLI/TIRS suizgius A Cansdid (B) Y+ YN 5 (A) Yo AY Il 1m0 0 oy o, 81 -1 IS
Fig. 6. Split-Window Algorithm for 2013 (A) and 2021 (B) using Landsa 8 OLI/TIRS

36°54'0"N
-
~
V
F
L
L]
A\ . g
-
-

T
36°50'0"N  36°52'0"N  36°54'0"N

* al..i r.bl.h e\g'....!l

_g @ o\fa"} oK
' j MWA 1989 TM
£ oC
- § »owm High : 41.96

36°46'0"N  36°48'0"N  36°50'0"'N  36°52'0"N

- M 20.86

T
54°30'0"E 54°34'0"E

54“21;'0"E 54"2(:‘0"!2
TM odizeian 0 Conckid VAAR —oslu 0 oty 5 05 SJ1 51 eudol s 4 LST -V IS5

Fig. 7. LST extracted using a simple MWA - 1989 Landsat 5 TM

SETM TM oo condd s slas ala3 (sl (RTE) (SCA) JUE 5 a0l ol oz, S il
(v 5 4 A slaSs) was wlizul OLITIRS S Gl s, S5 (MWA) o oy 5oz, S

¥4



Vet JL@ (rSg GJLAJ /rh:}}u dl..n) ‘_;'.:.’b @\.’w B &L’\'j‘f’: CJLG%‘ AJ\.»L.«JJJJ 3‘ J.qdm

.
) ‘(‘h
%‘F}
s
Lol

¥ bl — St E sl Rt
%) oy ol

MWA 2001 T™M

-]

C
w= High : 52.79

.f.\ o3y 5 &

MWA 2002 ETM
°oC
we High : 65.28

36P4ET0UN ITHEIUN BECSION 36CSIUNN 6SRLUUN

3P4ETTN MRIUN ST 36PN AR
i L
J6S4607N I6CHSI0UN ICSEUN 36CS20UN MCS40TN

-y 1496 - w686
S40220"E. S26"0E 24930007 F A4934°07F
54"11:!"'1 £4926'0"C M“.Il‘l'l"t s 49340 N SI'IZI’U“E 492607 E S4°30°0"E APMTE
W ‘ﬂa;h i wiSS ‘\‘h
g l.'
bl
Lol Losal,
ol il ) X ol els ey

) oy oy G0 alBa i el

h=g
MWA 2013 TIRS

°C
w== High : 56.68

MWA 2021 TIRS

36°46°0"N 364RTN 3ETSH0UN 36PS2'0TN 36CS4OUN
36CH6T0UN  MCIOTN  IECSINOUN BECSZIOUN 36TS4NTN

°C
—_— High : 58.4483

36°46'0°N 36°48'0°N 36S00TN B6SS2'0UN J6PS40TN
s L s L
P6'0TN J6SARDTN MPSIDUN 36PS20UN MECSANUN

— Low : 20.149

S40220F SRl SOI0TE S434°0E Low : 19.33 SP0E S4°26'0"E S4C30N0TE SEMUE

A3V 0 Cawdd (D) YeYY 5 (C)YNF (B)Y oY (A) Yoo Jlu o oy v.g,,in 3l odel s 4 LST -A 3
Fig. 8. LST extracted using the MWA for 2001 (A), 2002 (B), 2013 (C) AND 2021 (D) Landsat 5,7 & 8

N N
w2 B
\AS A
S s
Lol Lal,y
¥ o4 e ol F ol e K

"::- 0'53,‘,5 Pt
RTE 2002 ETM

) ey el
RTE 2001 T™

AE6'DUN JGNRETN AGTSORUN MASTOUN 36TRLNN

JEMEUN BOISOUN WCSNOUN 36CSI0N MSS0UN
i L 1 n s

=

C
wem High : 50.62
— Low:17.21

Je ol il eyl
3 My e
RTE 2013 TIRS

T T T T
WUETN WOARIN ESETN SN MOSY

2 °C
% oy High : 50.97
Low : 20.37

SPM0E

36C4ETN ICAFUTN 36SSPOTN 36TSZOON MPSUTN
1 . H N

MESIUN MERNUN
T T T -y
JEUOWUN  BECHEIUUN BCSOUUN BTSN BASSENTN

JGTEUTN JNENOON MECSI0UN

o

wem High : 59.51
— Low : 6.54

“ :m
AV )\
S
Lal,
¥ ol e !
) o€y 8 oSl
RTE 2021 TIRS

°C

wew High : 53.49
— Low : 22,27

AgVo cwwdd D) Y2YY 5 (C)YNY ((B)Y++Y ((A) Yool Jlo 20U Jlast dayl rq)_,fll 5 el Caws 4 LST -4 |
Fig. 9. LST extracted using the RTE - 2001 (A), 2002 (B), 2013 (C) AND 2021 (D) Landsat 5,7 & 8
i.



Ll
¥ Ui e oS
Gy ey et
SCA 2001 T™M

C
we High : 47.63

M4SN IEIFOUN  36CHOUN. MPSIOUN 36SS40YN

36746'07N 3GV MOSINUN WPS2'ITN MGTSE0TN
°46°0TN J6EITN MTSUTN JTSIOTN J6CSOTN
L H

ey ow: 2380

SEI20E SP0E
SHEUTE S0

3
M‘) 2

W obl pite o)

|\;: OL{)J) oL‘:.'.,..!I

SCA 2013 TIRS
°C
e High : 52.55

36°46MTN 3GC4RNTN 3EUR0TN 3EOS2'ETN 3OS4ETN

I6MEOUN BCIROUN 3EPS0UN 36°S10ON 16OS40CN
36746°07N 36S4NUN JECSIUCN 36SS2'UUN M6CSE0UN

¢
e

N
SN T MR 7 TG
Wh :'1!'"‘;‘ ':{fsi' "f‘:
: L f o R
Ll gl

L

=

T T
MN O JSTSOUN BeSS2OUN MCS4ETN

T T
L e

w2304

T T T T T T
S4220"E S°26'0E S4°300TE SP0E

T T T
HOITOUE SPE0E

T
SPM0"E

54°34'07E

X ol b e
rn .'.f:'ui o)
SCA 2002 ETM

k=7

wom High : 61.13
w1687

N

W .. ;
S

Lol
WLl 2l ey
O] iy b AL

SCA 2021 TIRS
°C

we= High : 62.65
— Low : 29.41

AV 0 cwdd (D) YeYY 5 (C) Y2 A\Y (B) YooY ((A) Yoo) Jle JUIS ‘..:._,,ill 3 el Cows 4 LST —\» Jss
Fig. 10. LST extracted using the SCA - 2001 (A), 2002 (B), 2013 (C) AND 2021 (D) Landsat 5,7 & 8

ol ospdme Slatie ey SR s PS5 e
Lo o Sl 88 pslal n e p Sl e el
oS 03 35750 LST s 5 A3 JoS ol gl 6
Gl Jlie Lol 15 wbiln ool o3l oS
bl oSl Lo g5 0dd (580311 ey prlan S35

sla By 5 eslinal 5590 o 5 (g5 sla mal,l iolis

bf.i"ja sdalie A JJJ\} BE J.:}»,aj 0 6‘]: LST u"[:’.)b
5 088 o8y S laollas] wlislsn slaesls

5l ekl Cews 4 LST aslie &3s b)) (6l s :LTVMLA

bl 2alS sliens (A i) A eslized Lesdimie

Q‘mﬁdﬁbgﬁso&qv_}&jlbsﬂﬁbékz}\

oy S5 o3 S8 e 0 oy o5 SR URTE) (oal Jast alaly 5, L as b oodal Cows 4 LST jrslie awslin A Jyu

oldl g8 68! (slaosls b (SCA) JUIS S5 3,801 5 (MWA)
with synoptic station data Table 8. Comparison between LST values using the MWA, SCA, RTE, and SWA

Ll ol
SWA SCA RTE  MWA

alfbjjé aKL....i\

) ) ) ) WHO Index: WHO Index: ot o)l sale
44Y¢D FAAW
- ¥4 A A Yi/e ACRRVAVVERY 0 e
- ¢ LY ¢o Yo ARKAVEAZANY YV Cewdd
- VY/VA \RVAY AIYo RMSE
A A v Al Y&/ ARRAVAVIVEVN A

£



Vet )Lé'.’ (r& eJM/(’-&AJ'SUB Jw) ﬂc\.ﬁa BL) @"&5‘}? Sl alelw 9 590 J"J‘L:t.'..n

Yv e \n'% Lo YY/A ARRAVAVIVEVN
¢V oY ¢y to YA/0 YeYV/eANE
LY £ YA 0 YY/A YeYV/2ANE
/At AAY Y/Vo vy RMSE

3 Blar agsle dex Gl il glaand
St Gronel g o oulidlsn 5 0 Ul Sladllae 9331 Jmeas
Syp0 el gl L LST Wil Lo e sboanss plo
x50 Jlle S il 4 Sl Os s aalles
0315 anws 55 LST oass atnj )3 il slagy 5S35
2 G sl bl 5l Lol 5 e ol e
calee Gble s Sldlas s Llas § L5 s Slaslss
Sl e GSeslal 3l Sl o Sl Ses A8
2l S8 ol s nslal el Dleal ol
3l S (1) ooy ST o s S8 cpl by s o e
ol Sl 3 LST sl sy il sla bl
sl ol a5 0 Ll 55 55l 5

Gloosls b ol s 5 s slagn, S gl L
Sl 2os el W e ) (mlidlsn ooyl
Ol ol cpimead ilas sl 350 anlllas 5540 adlate
355 e g GdiednS OS5 Jde S8 G sl s
ol el elial 5 el eaged 4 (505 ey L S
Uast HlZe 5 3505 oy 1y s Glads Ol oo i f
Sl fals (S a U

51 eslizad b ol pale bau s edd L LST o lisl
L Lags Sosll 0sls Gallas )3 (sulpds s 4 e glaesls
3L S8 5 Gl Dlds iamen 5ol ale LSy elds
L ool s b alis (YA) sl [l LST 54
ailie s dase 0L OB S Lulidlps olKayl slaesls
iy 5 ,S 5 RTE) L2l sl e anllas 3,50
Sl GaelKans) slaesls 4 (6 50y z (MWA)

54° -36° 54.294'N :ol855 b wlidl 32 o8| Slatses
obilsa il Slasses —(ze ¥ CL&S)\) 24.792’E
(e VY/Y CL&JJ\) 36° 52.536°’N-54° 21.176’E :;Ljv..:u:

claosls L odsl s @ @Lg alie 5w
Lf L;;.:U JLEJ‘ 4.14.5“) LJ’:JJ) J\J QL»;.S qul}ﬁ 6[.&0&7.«.\'.}“
Lo 5l S sl am 55 AAY L JUIS G 5 Y/VO sl luie
Ly A Cwdd gl 1y Sy o Sl 5 o VL Cl S
&&)ﬂ‘)>.xﬂ@gl¢~>q‘;}$ MBS 53 a8
Lol L ils J}é J.:l:e @LLJ:; ‘J'.>.u= o s V:'i)ji’“ 5 ey
Sy 4 by el e Voo S (glaosls s
bl s eslanal 3550 ples slie 3y nﬂ&ﬁ)ﬂ‘
o] 5l el (g, S o3Il CE« oSy sl (s
0 babes pl s ey Bl sles 5 ol llil e
» OJW -rb}-\;'dﬁ 6)55)\.\4( wﬁ) cb_~ )\ J:A 93 (W Z'w)‘
St glales s 4 cnl (S GRIBEET I
Lo heedl b oess (s bl iluand
AL LSE Ol 5 s

G S ot 5 Lo
w20 5l eliand | asdlas ol > LST (sbawtis
aal,y (SCA) JLS S (..:ujiﬂ dyzes o oy r.g))_fjl Jols
sy MWA) o ooy S o, S5 (RTE) b JUas!
il ool 3 Cwdd slal laedanin sled

A dslos
VA Jle glp e 58 (1) oy O o, S0 S
LLST LsL sl "LST" 5L e S0 Ll A eslin
Ol mpiaaly 0L 31 eslinul b ciloe slag, S

Ol b dS o palp 1) Ol pl 5 sl ol andiy

£y



S il I op 1 Ll 4 Cand (R Sanbad s
Slalast 4 sl by 53,8 e 13 Ok ol U
OV ol Sl s L5

5 LS, b @l Ml b oo LST
(Y0) sls SI3 el Oledar 5 ey sy daglse
5 gl 4 Soap les (88 s b il glagn; S
a1 LST (65 sla el ple 5 Dby (slgms
S Claj osba Ol o Sl Ol Oldlae g 0 S o
o yos Sl Ol v 53 s op e Olse w0 )
FJMJAJJM‘_;LA&))Q\ awslie b Ol o Lal
Che SdalenS 05 s il sladite 31 eslina L
Sl ) s dallax 0L, Bl ¢ (sl (LSE) ey
axlllas 350 ailaie gla S5 5 s 4w |5 LST L5
Slp i, 8 Sl pl el &l (6 )8 Ll s S il 5
2 LS o wald ol el Olaasiie 5 Ol
Sl S Dt slal b jed an s ohis 4 5 2550 Slis
L cilis glag o8 bl s Slos Glags e 3 1) L
Aol SRk e Lo e

S Ly s eusgde & gl adlle ol
) sl 5 ez, S 51 ol 8l g et L)
Ll pl 015 e ST Slidss 5 (oplplo sod ol > b
O eSS slaesls leslaal 5 sl SoS s
S ol 8l ety sladite 5 il (slae )l pale
el i b bl 53 LST (lagpass &35 550 5 S
a4 L5 SLIB ) 55 ey e ihais 5 pesldl
sl 53 0T O 5 ey o slos 5385 ko
s gdee 31 S cpman  AiS WS o Bl O i
a4 Ol spdees v ey (68 Lyl 5 esland
oy S r“-i))ij\ J ol bcd e sla ualil
G Llg e das e JalS | e ) g U eslgly
G gosls 35S S ralS gl el S Ol ge
5,8 Sl ekl 5 50

AN

A U gy la el i 15 ccnl Slpds cdl o 2
S e b b i, s Slas s ok

o> ke glagn, S s Shas b5l 5 amlis
Wer 5 S5, ol aB S 13 a5 Slallas
2L ey SO e oy 0y S s =& (YA
Slyoee LOT 3505 aglin o LA Condd sl b
B 53 e 5 S ST il S Ol 4 il Oy
AL S sl Sy lge s S Sme LST
YL los 5 sl 5 oS ol wilaie a ol 5 el
el ke 53 I Lild s 5l e Sl s mlaw
b b 53 3l e ey s S0 53 L(YE) Aas e 0L
Glsms ol en 4 ol glos 5 Gl wls ol
S s (Kgd e oalizad LST U5k L3 iees] Ol
olitl oy S5 S 53 il by sl
5 e 538 o 205580 500051 (T8 350
alie 53 ) Gre bl 5 LS oo i S L Ol
axlllas 550 ailain (Sanl gl 53 0y SOz, S L
op 03 (VYY) Ohlea 5 55, (YO) a3l 5K
Sli 5 Cds 4 L &S el ke )8 Sl
4 SWA 3l Js3 LB b adls by Ol s 516 i
GoS o gl (YY) 0L 5 55 (Ye) Wasl cows
N g 555 2 LST bl cilie sl 55, 53U
Daleo 5 JUIS S5 0oty SO s (gl S et
5 L ged aslie 555 anllae 3y5e aikee s |y il JU
AFY) 351 s o 20l DUl sles 511, (g 2 =l

w ml (V) O 5 o s lardlas s
S5 s S 5 e 0y e JUisl sl s oS
o il Gble 53 A ) glaesls sl 1 JUS
ol s eslinad 355e o2l JUas) dslan i, 5 sa avlis
o oy p-l.{))g‘ S Js g a3 VL lls asllas
Ll 3 Shas roman (M) Cily Jawgie S35 (glHls 32e
LI 1Y WL gl bz, S s 53 550 )



Vet .)Lé'.’ (VSJ‘ eJM/(’A:J’Su Jw) Lf"»'.'k cl:.a BL) &L_\?‘,’J" Sl alelw 9 590 j‘u‘;:t.'..n

1. Arabi Aliabad, F., Zare, M., & Ghafarian Malamiri,
H. 2021. Comparison of the accuracy of daytime
land surface temperature retrieval methods using
Landsat 8 images in arid regions. Infrared Physics &
Technology, 115, 103692.
doi:https://doi.org/10.1016/j.infrared.2021.103692

2. Barsi, J. A, Schott, J. R., Hook, S. J., Raqueno, N.
G., Markham, B. L., & Radocinski, R. G. 2014.
Landsat-8 Thermal Infrared Sensor (TIRS)
Vicarious Radiometric Calibration. Remote Sensing,
6(11), 11607-11626. doi:10.3390/rs61111607

3. Cheng, J., Meng, X., Dong, S., & Liang, S. 2021.
Generating the 30-m land surface temperature
product over continental China and USA from
landsat 5/7/8 data. Science of Remote Sensing, 4,
100032.
doi:https://doi.org/10.1016/j.srs.2021.100032

4. Cheng, Y., Wu, H., Li, Z.-L., Gottsche, F.-M.,
Zhang, X., Li, X... Li, Y. 2025. A robust
framework for accurate land surface temperature
retrieval: Integrating split-window into knowledge-
guided machine learning approach. Remote Sensing
of Environment, 318, 1146009.
doi:https://doi.org/10.1016/j.rse.2025.114609

5. Cristobal, J., Jiménez-Mufioz, J. C., Prakash, A.,
Mattar, C., Skokovi¢, D., & Sobrino, J. A. 2018. An
Improved Single-Channel Method to Retrieve Land
Surface Temperature from the Landsat-8 Thermal
Band. Remote Sensing, 10(3), 431.
d0i:10.3390/rs10030431

6. Dale, B., Dananto, M., & Kifle, B. 2025. Dynamics
of land use land cover change and its effect on urban
heat island in Halaba Kulito Town. Heliyon, 11(2),
e41689.
doi:https://doi.org/10.1016/j.heliyon.2025.e41689

7. Diaz, L. R, Santos, D. C., Ké&fer, P. S., Rocha, N. S.,
Costa, S. T., Kaiser, E. A., & Rolim, S. B. 2021.
Land Surface Temperature Retrieval Using High-
Resolution Vertical Profiles Simulated by WRF
Model. Atmosphere, 12(11), 1436.
d0i:10.3390/atmo0s12111436

8. Doxani, G., Vermote, E. F., Roger, J.-C., Skakun, S.,
Gascon, F., Collison, A... Yin, F. 2023.
Atmospheric Correction Inter-comparison eXercise,
ACIX-Il' Land: An assessment of atmospheric
correction processors for Landsat 8 and Sentinel-2
over land. Remote Sensing of Environment, 285,
113412.
doi:https://doi.org/10.1016/j.rse.2022.113412

9. Ebrahimi, A., Motamedvaziri, B., Nazemosadat, S.
M. J, & Ahmadi, H. 2020. Assessing the
relationship between land surface temperature with
vegetation and water area change in Arsanjan
county, Iran. Journal of RS and GIS for Natural
Resources, 11(4), 65-86.

ealaiul 3,40 CL«G

doi:dorl.net/dor/20.1001.1.26767082.1399.11.4.4.4.
(In Persian).

10. Fekrat, H., Asghari Saraskanrood, S., & Alavipanah,
S. K. 2020. Estimation of Ardabil land surface
temperature using Landsat images and accuracy
assessment of land surface temperature estimation
methods with ground truth data. Journal of RS and
GIS for Natural Resources, 11(4), 114-136.
doi:dorl.net/dor/20.1001.1.26767082.1399.11.4.6.6.
(In Persian).

11. Garcia-Santos, V., Cuxart, J., Martinez-Villagrasa,
D., Jiménez, M. A., & Simé, G. 2018. Comparison
of three methods for estimating land surface
temperature from landsat 8-tirs sensor data. Remote
Sensing, 10(9), 1450.

12.Guo, A, Yang, J., Sun, W., Xiao, X., Xia Cecilia, J.,
Jin, C., & Li, X. 2020. Impact of urban morphology
and landscape characteristics on spatiotemporal
heterogeneity of land surface temperature.
Sustainable Cities and Society, 63, 102443.
doi:https://doi.org/10.1016/j.5cs.2020.102443

13. Hurduc, A., Ermida, S. L., Trigo, I. F., & DaCamara,
C. C. 2024. Importance of temporal dimension and
rural land cover when computing surface urban Heat
Island intensity. Urban Climate, 56, 102013.
doi:https://doi.org/10.1016/j.uclim.2024.102013

14. Isaya Ndossi, M., & Avdan, U. 2016. Application of
Open Source Coding Technologies in the Production
of Land Surface Temperature (LST) Maps from
Landsat: A PyQGIS Plugin. Remote Sensing, 8(5),
413. doi:10.3390/rs8050413

15. Jimenez-Munoz, J., & Sobrino, J. A. 2008. Split-
Window Coefficients for Land Surface Temperature
Retrieval From Low-Resolution Thermal Infrared
Sensors. IEEE Geoscience and Remote Sensing
Letters, 5(4), 806-8009.
doi:10.1109/LGRS.2008.2001636

16. Jiménez-Mufioz, J. C., Sobrino, J. A., Skokovi¢, D.,
Mattar, C., & Cristdbal, J. 2014. Land Surface
Temperature Retrieval Methods From Landsat-8
Thermal Infrared Sensor Data. IEEE Geoscience and
Remote Sensing Letters, 11(10), 1840-1843.
d0i:10.1109/LGRS.2014.2312032

17.Kirner, D., Lé&ska, K., & Stachon, Z. 2024.
Assessment and validation of Land Surface
Temperature retrieval algorithms using Landsat 8
TIRS data in Antarctic ice-free areas. Polar Science,
42, 101127.
doi:https://doi.org/10.1016/j.polar.2024.101127

18. Malakar, N. K., Hulley, G. C., Hook, S. J., Laraby,
K., Cook, M., & Schott, J. R. 2018. An Operational
Land Surface Temperature Product for Landsat
Thermal Data: Methodology and Validation. IEEE
Transactions on Geoscience and Remote Sensing,

£t



56(10),
doi:10.1109/TGRS.2018.2824828
19. Nugraha, A. S., Gunawan, T., & Kamal, M. 20109.
Comparison of Land Surface Temperature Derived
From Landsat 7 ETM+ and Landsat 8 OLI/TIRS for
Drought Monitoring. IOP Conference Series: Earth
and  Environmental Science, 313, 012041.
d0i:10.1088/1755-1315/313/1/012041
20. Parvar, Z., Mohammadzadeh, M., & Saeidi, S. 2022.
Effects of Land Use and Land Morphology on Land
Surface Temperature: A Case Study for Bojnourd
City, North Khorasan. Journal of RS and GIS for
Natural Resources, 118-138.
doi:10.30495/girs.2022.1973023.2021. (In Persian)
21.Parvar, Z., Mohammadzadeh, M., & Saeidi, S. 2024.
Enhancing decision-making for climate change
mitigation and sustainable urban growth. Urban
Climate, 58, 102223.
doi:https://doi.org/10.1016/j.uclim.2024.102223
22.Qin, Z., Karnieli, A., & Berliner, P. 2001. A mono-
window algorithm for retrieving land surface
temperature from Landsat TM data and its
application to the Israel-Egypt border region.
International Journal of Remote Sensing, 22(18),
3719-3746. doi:10.1080/01431160010006971
23.Rongali, G., Keshari, A. K., Gosain, A., & Khosa, R.
(2017). A Mono-Window Algorithm for Land
Surface Temperature Estimation from Landsat 8
Thermal Infrared Sensor Data (Vol. 26).
24.Rongali, G., Keshari, A. K., Gosain, A. K., &
Khosa, R. 2018. Split-Window Algorithm for
Retrieval of Land Surface Temperature Using
Landsat 8 Thermal Infrared Data. Journal of
Geovisualization and Spatial Analysis, 2(2), 1-9.
d0i:10.1007/s41651-018-0021-y
25. Sekertekin, A., & Bonafoni, S. 2020. Land Surface
Temperature Retrieval from Landsat 5, 7, and 8 over
Rural Areas: Assessment of Different Retrieval
Algorithms and Emissivity Models and Toolbox
Implementation. Remote Sensing, 12(2), 294.
d0i:10.3390/rs12020294
26.Tanjina Hasnat, G. N. 2022. Assessment of
spatiotemporal distribution pattern of land surface
temperature with incessant urban sprawl over
Khulna and Rajshahi  City  Corporations.
Environmental Challenges, 9, 100644.
doi:https://doi.org/10.1016/j.envc.2022.100644
27.Tanoori, G., Soltani, A., & Modiri, A. 2024.
Machine Learning for Urban Heat Island (UHI)
Analysis: Predicting Land Surface Temperature
(LST) in Urban Environments. Urban Climate, 55,
101962.
doi:https://doi.org/10.1016/j.uclim.2024.101962
28.Wang, M., He, G., Zhang, Z., Wang, G., Wang, Z.,
Yin, R.,... Cao, X. 2019. A radiance-based split-

5717-5735.

£0

window algorithm for land surface temperature
retrieval: Theory and application to MODIS data.
International Journal of Applied Earth Observation
and Geoinformation, 76, 204-217.

29.Wang, Z., Zhou, R., & Yu, Y. 2025. The impact of
urban morphology on land surface temperature
under seasonal and diurnal variations: Marginal and
interaction effects. Building and Environment, 272,
112673.
doi:https://doi.org/10.1016/j.buildenv.2025.112673

30. Xiang, Y., Zheng, B., Bedra, K. B., Ouyang, Q., Liu,
J., & Zheng, J. 2023. Spatial and seasonal
differences between near surface air temperature and
land surface temperature for Urban Heat Island
effect assessment. Urban Climate, 52, 101745.
doi:https://doi.org/10.1016/j.uclim.2023.101745

31. Xu, C., Huang, Q., Haase, D., Dong, Q., Teng, Y.,
Su, M., & Yang, Z. 2024. Cooling Effect of Green
Spaces on Urban Heat Island in a Chinese Megacity:
Increasing Coverage versus Optimizing Spatial
Distribution. Environmental science & technology,
58(13), 5811-5820.

32. Xu, X., Pei, H., Wang, C., Xu, Q., Xie, H., Jin, Y.,...
Xiao, C. 2023. Long-term analysis of the urban heat
island effect using multisource Landsat images
considering inter-class differences in land surface
temperature products. Science of The Total
Environment, 858, 159777.
doi:https://doi.org/10.1016/j.scitotenv.2022.159777

33.Yang, J., Zhou, J., Gottsche, F.-M., Long, Z., Ma, J.,
& Luo, R. 2020. Investigation and validation of
algorithms for estimating land surface temperature
from Sentinel-3 SLSTR data. International Journal
of Applied Earth Observation and Geoinformation,
91, 102136.
doi:https://doi.org/10.1016/j.jag.2020.102136

34.Yeneneh, N., Elias, E., & Feyisa, G. L. 2022.
Detection of land use/land cover and land surface
temperature change in the Suha Watershed, North-
Western highlands of Ethiopia. Environmental
Challenges, 7, 100523.
doi:https://doi.org/10.1016/j.envc.2022.100523

35.Yu, P., Zhang, L., & Yu, P. 2024. The marginal
effect of landscapes on wurban land surface
temperature within local climate zones based on
optimal landscape scale. Urban Climate, 57,
102110.
doi:https://doi.org/10.1016/j.uclim.2024.102110

36.Yu, X.,, Guo, X.,, & Wu, Z. 2014. Land Surface
Temperature Retrieval from Landsat 8 TIRS—
Comparison between Radiative Transfer Equation-
Based Method, Split Window Algorithm and Single
Channel Method. Remote Sensing, 6(10), 9829-
9852. d0i:10.3390/rs6109829




RS & GIS for Natural Resources
(\Vol. 16/ Issue 1) Spring 2025

Indexed by ISC, SID, Magiran, Noormags, Civilica, Google Scholar

RS & GIS

for
Natural Resources

journal homepage: https://sanad.iau.ir/journal/girs/

orginal ] ong-term vegetation changes in semi-arid regions using remote
sensing and spatial statistics functions in order to prepare a

paper

road map

Alimollai, M. M.}, Rezai, M.?", Mahdavi, R.2, Golami, H.%, Kazemi, M.*

Received: 2022-09-03 / Accepted: 2023-01-18 / Published: 2025-07-22

Abstract

Currently, the preparation of an accurate
vegetation map is one of the basic and important
data in natural resource management programs and
sustainable development of these resources.
Remote sensing is a useful and valuable
technology that can be used to extract different
layers of information such as soil, rainfall,
vegetation and so on. The goal that are used to
investigate different factors of vegetation cover is
that the data of various spectral bands that can
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represent data such as percentage of vegetation
cover, biomass and leaf area index into a single
value in each pixel.

Reduce. Over time, environmental and human
factors have caused positive and negative changes
in the quantity and quality of vegetation; This
situation will continue in the future. Temporal
changes in vegetation may be in the form of
increasing or decreasing trends. Recognizing these
changes and determining their trends in the past
and future can open the way for decision-making
for the image of the land. One of the ways to study
vegetation changes as the most important indicator
of land degradation is remote sensing. Based on
this, in this research, using the NDVI normalized
vegetation difference index in HDF format and
MODIS sensor with a pixel size of 250 meters in a
16-day period, monitoring the long-term changes
in the vegetation cover of Fars province during a
20-year period from 2000 to 2020 and was
investigated using spatial statistics functions in
order to prepare a road map in the year 1400. For
this purpose, using spatial statistics functions to
prepare a road map. For this purpose, MADIS data
has been used for a period of twenty years. Then
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the data were analyzed by classical statistics and
spatial statistics. The results show the decreasing
trend of the vegetation level in a period of 20
years, and the distribution of the vegetation over
time was clustered. At the end, a roadmap for long-
term vegetation monitoring in Fars province was
proposed.

Introduction: Since the changes in land use and
vegetation cover occur in large and extensive
levels, remote sensing technology is a necessary
and valuable tool in evaluating the changes due to
repeated coverage of the earth (28). Nowadays,
remote sensing technology is scientifically cited as
a valuable solution to identify natural resources,
especially in the process of preparing land use
maps, in different regions of the world (7).
Therefore, according to the many applications of
detecting changes with the help of remote sensing
technology, some of these applications include
land use and land cover changes, vegetation and
forest cover changes, landscape changes and urban
changes, etc., are programs that are used to detect
changes (5) in general. Field measurement and the
use of remote sensing data are the two main
methods for extracting the percentage of vegetation
(25). Features such as providing a broad and
integrated view of the region, repeatability, easy
access to data, high accuracy of the resulting data,
and saving time are among the features that make
the use of such information preferable to other
methods for investigating vegetation and
controlling its changes. 26). According to the
mentioned topics, the aim of the current research is
to reveal the changes in the vegetation cover of
Fars province during the long-term period from
2002 to 2020 using remote sensing (RS) and
geographic information system (GIS) techniques.
The NDVI index is one of the widely used indices,
the normalized difference index of vegetation
cover, this index also shows the amount of
greenness (chlorophyll) of the vegetation cover. It
has been proven that the analysis of the time cycle
resulting from this type of data is useful in order to
identify and monitor the reaction of the vegetation
to natural or human sudden events, as well as the
variability caused by the growth season and plant
development (phenology) under the influence of
rainfall and temperature regimes.

Purpose: The current research was conducted with
the aim of monitoring the long-term changes in the
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vegetation of Fars province during a 20-year
period from 2000 to 2020 and using spatial
statistics functions.

Methodology: Research Methods

In the present research, vegetation data was
extracted in the longterm using satellite images and
the changes were examined after preparation. Also,
the data was analyzed with the help of spatial
statistics functions and finally a road map was
prepared. In this way, MODIS sensor images with
a spatial resolution of 250 meters were used to
investigate the long-term changes in the vegetation
cover of Fars province, long-term data in the
twenty-year  period (2000-2020) and the
normalized differential vegetation index NDVI
were used. 16-day combined MODS-NDVI data
called MOD13Q1 with a resolution of 250 meters
was used. These data were downloaded from
LPDAAC1 USGS (United States Geological
Survey Land Processes Distributed Active Archive
Center) from 2000 to 2020, including 23 images
per year and a total of 460 NDVI images
individually.  After  applying  atmospheric
corrections, cloud removal and BRDF correction,
these images were presented in level 3 with
Sinusoidal projection. Maximum value
combination (MVC) algorithm was used to
generate 16-day composite data. This algorithm
was designed with the aim of reducing the
remaining atmospheric effects and selecting the
best NDVI quality for the desired time period. This
algorithm was designed with the aim of
minimizing the remaining atmospheric effects and
selecting the best NDVI quality for the desired
time period. Spectral reflection data: NDVI index
was used in order to express the type of vegetation
cover and to investigate the trend of vegetation
changes (trend). NDVI index was calculated based
on reflectance in two spectral bands and using
equation 1 (20). (1) (NDVI = (NIR - Red) / (NIR +
Red))

Results and discussion: Long-term changes of
NDVI index: The NDVI index in 2000 varied
between -0.2 and 0.85 values in Fars province. The
maximum value of this index in this year is in the
range of 0 to 0.2, and the average and deviation
from the NDVI index in 2000 are 0.12 and 0.05,
respectively. NDVI index values in 2000 are
covered by soil and scattered patches of thin
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vegetation. The concentration of vegetation this
year can be seen in parts of Sepidan, Mamsani,
Morvdasht, Kazeroon and Shiraz cities. Maximum
likelihood algorithm was used for classification,
Alavi Panah (2), Masoud (21) and Lilsand (18)
also used this algorithm. Using regression analysis,
Wilens (32) concluded that the reflection of
infrared electromagnetic energy by the green
leaves of plants is more than that of bare soil, and
there is a statistically significant correlation
between the reflection of the wavelength of the red
and infrared bands with the percentage of plant
canopy cover. So using these bands in the
regression model as an independent variable in
order to calculate the functional variable of
vegetation is appropriate (15). In this regard, Ino
(9) by examining the factors influencing the
amount and trend of changes in vegetation cover
during droughts by using stepwise regression,
reached the conclusion that the amount of changes
in the value of NDVI index is a direct function of
the amount of changes in vegetation cover.

Conclusion: Maximum likelihood algorithm was
used for classification, Alavi Panah (2), Masoud
(21) and Lilsand (18) also used this algorithm.

Using regression analysis, Wilens (32) concluded
that the reflection of infrared electromagnetic
energy by the green leaves of plants is more than
that of bare soil, and between the reflection of the

wavelength band, he has proved the total decrease
in vegetation cover in parts of Fars province,
which is likely that Part of this result is due to
errors in the use of satellite data (including various
types of data errors, user and operator errors,
software errors, and errors caused by the locator
device). Similarly, in this regard, Alavi Panah (1)
stated that in the preparation of maps from Remote
sensing and satellite data processing and other
digital maps cannot be expected to be error-free.
According to the results obtained and considering
that the increasing trend of vegetation cover in Fars
province has been observed, according to Bai's
research (5), the observation of this increase can be
caused by the increase in the use of natural lands
such as pastures and forests to agricultural lands,
from Other conservation activities such as grazing,
managing and controlling the entry and exit of
livestock, reducing the use of plants to provide
thermal energy at the same time as providing fossil
fuels and gas supply to rural areas and carrying out
bush and tree planting operations in line with the
improvement operations and Restoration of forests
and pastures can be another factor in increasing
vegetation.
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Please cite this article as: Ali Molaee, Mohamad Mahdi, Rezai, Marzeyh, Mahdavi, Rasool, Gholami, Hamid, Kazemi,
Mohamad. (2025). Long-term vegetation changes in semi-arid regions using remote sensing and spatial statistics functions in
order to prepare a road map. Journal of RS and GIS for Natural Resources, 16(1): 25-48.

48



