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ABSTRACT

Introduction: In recent years, global population growth and urban expansion
have led to significant land use and cover changes. These changes have
numerous detrimental consequences, such as increasing surface temperatures,
deforestation, desertification, degradation of ecosystem services, biodiversity
loss, and threats to food security. Therefore, monitoring and modeling these
changes are essential for optimal land management and sustainable utilization
of natural resources. Given that the Aras River Basin has undergone
significant transformations over time, particularly in built-up land
developments, this research focuses on modeling land use/land cover changes
in this area.

Materials and Methods: Initially, land use maps for the region were
extracted for the years 2000 and 2020 from the Globeland30 project of the
China National Geomatics Center. Subsequently, two maps were prepared to
illustrate the potential growth of built-up land based on a land development
scenario. This was achieved using advanced decision-making analysis
methods based on GIS, including BWM and MEREC. Finally, these two
maps, along with the land use maps, were combined to form the input for the
CA-Markov model. The modeling process was carried out twice: once using
the BWM + CA-Markov combination, and again using the CA-Markov +
MEREC combination for the year 2040.

Results and Discussion: The examination of the results demonstrated that in
the output of the combined BWM + CA-Markov model, the extent of built-up
land increased from 603 square kilometers in 2020 to over 930 square
kilometers in 2040. Meanwhile, this figure was approximately 829 square
kilometers in the output of the MEREC + CA-Markov model. Furthermore,
the final results obtained from the intersection of these combined models also
indicated an increase in the extent of this land from 603 square kilometers in
2020 to 930 square kilometers in 2040.

Conclusion: The continuous growth of built-up land in this basin can lead to
the destruction of environmental resources and pose threats to ecosystems.
The findings of this study provide relevant managers with valuable insights
for optimal management of future conditions and the provision of necessary
infrastructure.

Keywords: Land Use/Cover, Built-Up Land, Markov Chain, Cellular
Automata, Multi-Criteria Decision Analysis (MCDM), Aras River watershed.

* Corresponding Author: m.minaei@um.ac.ir
DOL: https://doi.org/10.48308/gisj.2024.233751.1186

Received: 2023.11.11
Accepted: 2023.12.25

@ @ Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms and conditions

of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0001-6233-416X

YOM-FIAD & Sig il LLs ¥+ - A-085F 1LLs

oyl oy 3 aS UL (LSlyl uidgr 63205 Sy (55l ke
s Jdxi g CA-Markov Joo ol oS 4 Co Lyl

dog> 159 )90 alllo) GIS p (iiwn 0, lirocic (6 S ol

VY bt ¥ oy 0 JUw ooyl GTS g 59 51 o a4 pd

b, s

PvES . < = :
()l dilsog, 3 ol 2893 Shins | 0t
“T@‘Lw: Syrann ) § ail> “éyﬁ golo Q‘)—.’.‘GISE B3
°"\'.‘.b~.~ Caouw
Gloo i Ol s ool 4 o i gl 5 S g Gler Comex ialEl 31 LILL o idus g adile 09,5 Ay ol IS (sozeiiils )

o slos Jral5dl asile (soustio )bl sladely anld cpl .ol oads e L8l iler 6 0)5 40
Skl 235 5 () E95 2L pinasS] Dland ZoiS 2l (ool 5 (21855 cne;
2D At u e b Olgios 5 Cenl (65978 St il 3lede 5 SR g)cnll il walss ol
sl Ads a5 e cnl @ Sl Bl S 5 5 b e Sl e Sosere 0 oo P
3Sres el ol clapldl Al 3 pgaza sl DY ey ey Job s ) BBy,
el oje opl jo (LAl Gy [60)8 Slss gl Joe p pol iagh

859, 1YY g Vere b Jls gly dihie Lol)) 5,15 sboacss lal Ly opl jo iy yogy 9 dlgo
ol iy gl 4 azgi b 5 sl o el gl gl e Slegy e 55,0 Globeland30
sl g slogss, ake> 5l 5 MEREC 3 BWM (la iy, a5 @ 5 cologladl
2l 0 Jeily Gtaled sl 4t g0 wigye jleday GIS p ste o )lreriz (S e
CA- Joe slosssgyg ool)) )5 sloaiss g s g0 opl Ll 10 .ol oud ags adlaie cilulul
L 58 b s BWM+ CA-Markov S5 b )b (5l Joe anlé 5 ools LSas |, Markov
el 00 plel Yo ¥+l Iy MERECH+ CA-Markov o5 5

Cawy BWM + CA-Markov .55 Joe (9,5 ;0 a5 ol olid mls ) ¢ g gulis
Yofe Jlo ,o mupe fieshS A 5l o @ YoV Jlo 50 auje teslS £0¥ 5 colugludl ool
AYA 390> MEREC + CA-Markov Jos >g,5 ;0 o, opl a5 I o ool adl a3l
Sls (i 5 )5 (oS 5 sladoe (29> STl Jol> (e @bl (Bybil el @pe SaskS
GRIBITFe Sl )0 @ yieghS A 4 VoY Jlo )3 @poyieghS 70¥ 5l (L2 (nl Sy oS

5 e Bl co,B 4 Wl se ads> cul o colupludl Lol sanl a6 S A
55 O Bulpd A Cupae sl o 1) abg e e Gy (il @l 99h e ptessST e
Wly o0 )b (aiie sl (0,50 pal 5

S sl sbe (B35 le by wSlupludl Lol (ol ide 65 gudS sWaosly
o) 405, 5l ddg (MCDM) 6 Lrsdiz (6 a5 penci sl Ll

e g3 3 olKils Ll
Sl i e oK lo T
olRadls 099 5l i 5 (bl
Olrl o gpdio (g8
(w93 ol8ils Lbl i 09,5, Loiils Y
e [ode ol Lo eagete
30l G 5 (LSl Sl
Olpl g gt (oo ol

o Sliwo v o madl oo o 3V roliw]
Os s ) s il S o
cloglad ool iy ST L 5l
9 CA-Markov Jis 3.8l KaS 4
oylradiz S paa slo ol
Aog> 169,50 dalllao) GIS 55 o

239l Gteretes a5 ooy D503 53 ]
Oleasl ¥ o,las VF Lo o5l GIS 4
ATY=10A ) Fe¥

VEY/NY - cdl o m.minaei@um.ac.ir : L3S looage odig s *
AACATARYES SN JERY https://doi.org/10.48308/gisj.2024.233751.1186 :<¥lie Jluzus awls

‘@ @ Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0001-6233-416X

OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

35wl e 550 5L 8550 slacalo 5 (0]
o=l slad=oly oS ol 5l (So 09 b ansds
(Zarandian et al., 2018) 545 oo slaels (il
s 3 5933l A s S g, 0390
aal S sl g, ez 51T (GIS) Ll e Sl
gy yle—iiay LULC ol s g5l Jos iy
Sloylgals &ilojaux 5 glai (Gurbuz & Cilek, 2023)
TMCDM) o lisoiizr (5 S praas sl Jelovi
Sl S 3590 Ao 50 wilgi 0 GIS (e
=2,b;l (Rahman & Szabd, 2022) wi il ;L I8
545 GIS 5 459 ltonin 2 ki slaoe 51 52
Ol il dos b 5o (YL L Lzl
CA-Markov oS 5 Jos «ul Slo,95 5 LULC
oy wldlas 4,051 (Zhang et al., 2023) ol
e Lal ol oo plsdl Jaw cpl 51 (gaseo 40 b
LULC &l s g3l Jame o oo dplol clsllas
Cols 4 (Sl Slallas g axils 55 505 bo o gal
Slalllas ool dles 5laslassloy ol slbasy>
ool b 1 50 a8 5,5 o)Ll (Hua, 2017) & lg5 oo
Landsat sl Jsals dlejoiz polai g Jow uon
1528 3 LSVl aslsg, 5] &g LULC &l i
o=l bl e S gileans YV Jlo slp 1y sl
Saddy dalaie ;o CSloludl ol ols lis sy
a9, ol (ST 4 Wil oo a5 sl l8l 4y 5,
S s | adlate ST (S jsboas 5 358 e
ez S ISl il s 45 aline glaslas )
«(Liping, Yujun, & Saeed, 2018) .l ool sl
Je sl 4 LULC Sy 5k Joo 5l
o=zl oy 0 s CA-Markov Joo 5l Y+ YF

cSlogpladl pal)l (958059, 0l 51 (S 58 iegh

1. Land Use Land Cover

2. Remote Sensing

3. Geographic Information System
4. Multi-Criteria Decision Analysis
5. Malacca

6. Jeongal

doddo -
Ol 4 g,y wada Gl Corez Bl gloans o
el 03,8 j508 585 3 )le A 550 5l 5 (b g 00
5957339, a—b;y ool 51 G .(Ngo, 2023)

39 gn ol (LULC) (e ey [ )8 Sl i
Ol yianS (Camaz A, pogdle (Shukla et al., 2018)
Ol E989 S e Jele 1500 lyied 5 (et 0
(Latue & Rakuasa, 2023) 543 o0 45U &l poss
ool 5l LULC Olymoss a5 ciS olgs o0 5,005
45 WS o e Sladl slacdlad ) 3l 5 aails;
ol 1y ol el baoe g sl el
5 wlg s 0ly8 0l (Chen et al., 2022) das o
O3z $ ol slaasly Slexr U (e (Wl
«((Pertuack & Latue, 2023) ;s phaw slod ]33l
{(Minaei & Kainz, 2016) l50LLs 5 olo; 5>
(Li et al,, 2022) piwsS| Slos s caS als
&b <o 55 (Shah et al., 2023) s £45 ialS
5 (Mostafazadeh & Talebi khiavi, 2022) .l
4 |, (Talebi khiavi et al., 2022) oldé ool ayags
Bblie 5l (S5 3 pl slaadg> oom cnl 30090 b
LULC jots 45 gy o0 slodbts altns 0l b 1550
(e =2l Sy (ol O g0a y?“’-’“‘ ol
clugladl s pl (ol Glidly 2l 5 (Ko
3l glodas pg—w (Xiao et al., 2023) 555 o ol
oorS 5l bl sass> 0 LULC ol s
Algs oo 48 Cnl Clw bl Lol g conis g
Sohail ) aao )3 gletdl o | adlaie ] piaasS]
A gliws jelaiean g Lty ol o (et al., 2023
o=l 5o b ple Sl jals g jlaly dawgs CGlaal
e ol gy 5 55 S e il (glaas g
abg e 55> Ollgie sl mien (oMl 4 5 0392 (5590
Christensen & Jokar Arsanjani, ) el oods Jas

S Sl il Joe 45 cl xaS (2020

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

AR



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

3= pl ds9> LULC &l,—s5 CA-Markov Jos g
50,5 (gl VoV Jlo sl 1y (S 50 995
el Lol gas o ¥E oliél sl S s
OLLSer 5 3dbas ooljen )5 dio oot 53 39—
3l eolewl L (KarimzadehMotlagh et al., 2022)
50y, 5ol Ady> LULC &l s sasiioly oo
Gl Vo0 5 VoV laJlo sl ) 090005
x9Sy sl dld aS sl las bl s S
el ol a s ccul )bl s Gaday ddkie (o
il adlhie piwowsST 6l (gox gy Wlgi oo
4 (Mokarram & Pham, 2023) sL38 5 5,5 dalllas
3 glaaisad §l (LS5 Azl e ol dog
5 CA-Markov Jos 5l osliiwl L oS el Sladlas
el oas ploeil )l sl yo Landsat glo,lgale (slaosls
Ol (e a5 Liime (gl (nl )0
o=l i aolas ey Yo Fe Lo jo Lol gl
Sgy 659S 5 (IR sla )8 ol plis adllae
Slasboplal s b ool (pse jo g atils cials
2 e (§)lEe S 009 1055 5 (c2ul38l (s,
ol diilaie o JLSis 595 Szl pgas

PV aS ams oo (LS (gl Aty (o) 2
So wlaie 0 ead plosl aie ol jo a5 Sllllas
ohgimy el sl o9y SasS 5 (Al 5l A
Sl s a5 (60,509, LI L ol s yol>
o Sy lsies )l Blog, el b LULC
Ve e sl ) eSS pte 9 S
s BWM sLa Jos 5 Lul, ol o S s5ba e
MCDM sla | o cns5 sl is, 5 45 "MEREC
aslel jocwl oals ssliinl 35 wwa GIS 5 i
(L gimy ploul (g, g Laocols i slllas 5,50 dalais
@l g bosls Gils sla by, o6 55 peeal sl lone
ol 0y &l | oyl b5l s

1. Citarum

2. Selangor

3. Mahi

4. Best-Worst Method

5. Method Based on the Removal Effects of Criteria

oS 5 gilg bily oo )3 09 adlaie )
Ja ;I (Yulianto, Maulana, & Khomarudin, 2018)
el Adg Sl s (3l sl 55
ol s s, oslaal (390l 55 g i Bl
zoh—w V-0 Jwlsas ol lii 55 yiagis
Gl s pSeiar jobay ads> al jo calupludl
w2l 30 g oS blde By .zél walys
0 Glased j0 090 cdalive [l a gl IS
50 r)gi)l_w 32 o9 0 (Camara et al., 2020)
o sloaiss s CA-Markov Juw 5 S5 L 53l
YN Y- e f NAAY o Lo gl o adlai LULC
S () iy e (o3l S il e
Ye¥Y oV VY sla v gl e gan |y ailais
2l o] jo as ol o liol s, (g5l Jas
sl GialsH s Sty ooy it clugld
S S b5 )3 Mz colae ol wiay 5 il
o 5 Lol 55 T 8l aalss el S
Golwdnd 4y 095 3w o (Kisamba & Li, 2023)
Sbaxly <l o ale 0T Aog> LULC &l i
Joe 605 s L lasl ozl aw jgus
5 lrodiz (6 S pee—al sl Jlos g CA-Markov
LYY slo lv o Shej 635L 50 a8 wudl 0 GIS
CSlwludl gol)l Gy 45 mspe yioglS VY VY
A dwlg aBlol ase> ol gel o
oo plosl aiay oyl 5o (Sladllas 35 ol pl o
Kourosh) 1 )ISen 5 L ig,65 Lidgh dlex 5l sl
Sl Sldllas i 5l glaises (Niya et al., 2020
e 53l sl S 3,50 e 1 53 oS
Se Olyean) o8 85 (Sl e 5 6l
el 00,5 oola Wl VF P L jo (Jas Ay
g (R8LS (G (mlS addllas (ol (slaaidly
S lwpludl ol g ialiél g > sl S
Ol ¢ SKlgy dslllas cpl b o ols &l )] ditlate
(G0 g b dg> Jipgh o (Tavangar et al., 2021)
Y \F gVe-. GloJlo joLandsat slolsale polas 5

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

VE-



RUL TR

et sy oS L ol it [ p)lS lss (s5la o

0Bl L bl 5l g sl eS8 T slos &V (. 55le
Aalijahan & ) ool o Ol an ;928 o ws o
5 sl S ()l sloasl>os, (Hatami, 2021
s o JuSis |y adlaie (ol o] wolie cdws slx¢]
VRV [P V1 B O RS VRN NVIPI (W e
Cl oo a_dlate o0l o ol mlie 0 S
e Soxe pl>d bleday (Hajihoseini et al., 2023)
5 2 ezl (ool s il (8 @l 455>
o=! .(Nasehi et al., 2013) s ls Lozl o 1) g9,
o g oolaill dangs )3 plje B (Soxe glie
3 =it g adg By s g axils adlaie cp
31 =% (Geranian, 2022) cwl oai adlato oyl
A G a2y iy ol slaadky
Loy, jopl dsem a5 wro oo lis by jlal wc]
a5 5 el Sl 55 Sgma Bl (2 o)
85 Ogebes g 5l G V) JLo B aS 098 o 035
O s bl lowy 35 LS adlaie cnl )
eian 5 3550 5 35 La s5% 8l el (o)
alead g bly adg cnl jo Jlgl P (pliws; Bblie

.(Aslami & Ghorbani, 2018)

gy 9 olge ¥

asllao 5 )30 Ao CenrBgn —)-Y

oo riaghS YY) o+ legazma o) &l5g, 5001 dg>
39 gm0 y0slS YAOYY (jlaie ool 5l aS o ls Cag
S 5455 S 5 05k VFAY gl j5
Sl ool & 8ly (Lamly ST 5 Slwie)f 59257 93 55 ()
S,9—o d_alie (Mustafa & Ghasemlounia, 2021)
b oS Cunl 29> (nl (g9 Ceond gl (nl anlllae
L asl FY gaido ) gaz,0 FF Ll Slaike
YV 5 Ss Job ardli YY g aiBo £V g ax o ¥+
a8 80 FY gz o VAL agli VY 5 addo 7 g a0
&ls Olpl HeaS 08 Jlod yo Jlod (550 4BV 4
Slognds 15 5l adg> ol () JSTi) Cwl oai
sboaptiowl 5l alogisn 8055 558 ol ml (owlew
Dgdise =)l 5 (Bd ol gyt plmlydl
Ghle ol oyl &g, 51 Log J,S3e50
S35 (o) plyeds & Conl Gl g mhanns
(Sanakhan et al., 2020) 555 co osliiwl (5,9,pls g
el 51 oo 0,5 5 48 s oy Mo (sloall
Moradi & ) 59, s jloiasy adlaio ful asli
38 oyl Loy, o pl &og> aSl;l (Sharifi, 2023
Wl 00y &8y ob; gl ) g YU oLl i sla e

44°0'0"E 45°0'0"E
z
:
2
z
s
= 100
3
44°0'0"E 45°0'0"E
() €6,
FYAF ¢ yfado (3 g
e
1Y 2 o o9 a8’

46°0°0"E 47°0'0"E 48°0'0"E
_7.
=
=
a
z
s
g
2
46°0'0"E 47°0'0"E 48°0'0"E
N
@l il Olowd %
S ifegik W E
S bl . & sbag [:]
aallhan 8 y90 dilaio [ | S

Anlllae 8,90 dilate ) S

O RIGIS g 593 31 horiuw & pld
VET ol T sl 0 s

' F)



O 5 S

‘5@1!.,\...4)).“,\..5L.L.‘5.a|| Oeigy 16,5 Sl s (g5l Jow

ol Jrol oz g > (6513808 2 b oo (n i
=2l oS e sloa Sy gl Al 5 Jos g0
Gl oads ggl8lg Ve Fe Jlo o adem pl clu Ll
S5 Lo o 358 (st 55 o8 el 53 s
3 ogi plasl ol .l ool (3lwosly TerrSet
3 90 Lo Jos g Lavsls Sl ol ool ¥ S

ol 00 2o pi5 sl o gl jo colaul

o lwgbudl (ool )l oy S yzxo Jolge —Y-Y-)

S e Jalse G jslatedy Gimgly 5l Gide ol o
—alla—i, g9l o) LULC @l o5
Glasbulis ¢ golwl olalas 5l s (Gl Ll
alold glo )51 ion 5590 5050 (50l 0ddplx]
Lacsl> jl al_ols (Rabby et al, 2022) | .5 ;)
Zhang ) o bl i alold (Chen et al., 2021)
Alsharif et al., ) L, ol 5l alolé (et al., 2022
Zarandian et al., ) ;,5lsS all 5l alold (2022
Vu & Shen, ) cololuil ol 5l alold (2023
Arif) gla )l ¢ (Vaddiraju et al., 2023) o «(2021
iloass 5l (et al., 2023

S50 53956 g0l Ol e
ailhin ol il 51

>

—

SRR R (owlud by ) g Wedls —V-F
[, Slts silodae Soa b aS aghy cnl )0
o0 plowl )l B0y, 5 pl A9 )0 (SN ity
30 5250 aalio g oliwl ) L ool col
celupludl ol ais, S e Jelse daaslsulis’
asdllas 590 dgilaie ;o (53lomde oyl Olsrea
o=l 1SS e slaa s aslsl jo aias plolis
51 ool b s 5 g3 GIS L, lnasLs
sb—a b, 5| &S MERERC (%5, s BWM (3,
29038 B)lere it o )luxaniz (6 S mraal 4ilgly
Sy Joadly sl 428 93 GIS o laaY 3dli b g 0t
3500 6Lagogys 3 oS o o caluladl LSl
LULC dlojain sloaasd iagy ol ol (sl sk
859 LULC (slaa_iis jl aslllae sl o a S Cl
S 899,5 A 3l L el 00y ooliiil Globeland30
Silwand LS CCA-Markov Joo sly>l sl o3V
,L sBWM + CA-Markov .5 3y LLULC &l s
Jw I, MEREC + CA-Markov S 5 L , 5o

Ao olows jetaied 3 Lol jo o ploal V- ¥

o lgale gl a

}

(Il’l(‘u',..ﬂ.;,luu

(rmw( A-Markov)

LULC 4 g1yt
Sloslgalo slasats 3

IlI(‘u‘,-n.s,hw\

1 X )
J L(\"‘RF(K Al \hrkm)J I

SoF 4 b 2l (23G9
GIS 3 e MCDM by,
(BWM / MEREC)

9y My Juilly 4

9y Juily 4

ol it
BWM jf Jol>

— | B3 CROC WAL TN P )% S
(Jo 39 o295 S15)

Sl it
MEREC jf Jol>

I J'»‘;LM ol sl
Just

SRy (el gy ol Y Sl

O RIGIS g 593 31 horiuw & pld
VET ol T sl 0 s

VFY




RUL TR

et sy oS L ol it [ p)lS lss (s5la o

LULC sbaids -Y-Y-Y
5 ol sl b 90 slassg g 5l s (S
sl 805 ol gy [6 )5 Dl (g5l oo
Lol gl dihie LULC (glaaids ool &ilsog,
95 Oy o9 5o (F JS) Canl YoV e g Ve e
55 50 a5 Globeland30 855, 5l bt ol dg3 (sl
ssliiul 03,5 al,l '(NGCC) (oo Sslogs Lo
.(Shafizadeh-Moghadam et al., 2019) c—wl suis
&y oozl 5,50 (slolgale yyslas Sl (1 Jsoz)
ol TS oo e e s | e ol A
«(Chen et al., 2015) cwl oals (5,155 TA /Y loaids
o0l B3g, ol Adgm wile (oxss dilate gl S

ey B 4 (ggllae 23

Al an b g Lajlae Siglite coale 4y 4z g5 b
9 = |y=! ol Lais MEREC s BWM (sl s,
5 g Jlo s ol beosls wijlo 1) az LS, (sl jlns
o Lagasly jlelas e (Jloms LY &xs 5l (m bri
Lagl gjlwley sl Linear 556 b 5l GIS lae
el e Cogsllae (F JS08) sl o0 ool
Sy e 5 sl T Sl ¢ ,35Tas ppolio 85
5 g8 g Gy a1l KV g o o (X, 1)) eddbs st
olis iSTa > S 5l alols Jlae gy dalllas oy
9des Ole 2 Oyped o5 Sl gllae

X' = (Xij — Xj™m) /(Xjm — Xj™)

(1) dkl,

Sl ogdlae polis Jolas 55 la)lne nlo sl n
g so Ol ) Sjgods &S

X'j =1— (Xij — Xj™") /(Xjm — Xj™)
(V) akl,

AOOE 4S00TE ACU0E 4TO0TE A00TE 400TE 4R00TE 4S00TE 4600TE AT00TE 400TE 49°00°E APOOE 4SOUE ACO0E ATOOTE AR00E 49°00°E

00N 000N

00N

000N

900N

00N

39°00°N 00N

EXXEY

(Siy8S sl ) aAlols (g o 5l alold (& wds (& ol o5l 51 alols (o conly 51 alols (o oglis| (<all)
(elugladl 3blis 3 alols (7 o o 3blie 5 alolb (g

YoV Jlo ool )5 Sl com i 5o oolatul 050 bl gile Jlo s sloaY Y S

1. National Geomatics Center of China
2. overall accuracy

I RIGIS g 599 3l iaw & pbd
VET ol T sl 0 s



oS 5 3V et sy oS L ol it [ p)lS lss (s5la o

2l e [ 0,5 sloasis 4 bgy e Sledbl .Y Jous

(yo) S0 ST @ yud HIRCSF TR b o o, lglo Le
P g" S ) rye ?3; p) 9*‘. eas b ylos
Spatial resolution Date of acquisition Sensor Satellite
Y Yoo ETM Landsat 7 \
Y Y.V OLI Landsat 8 Y
44°0'0"E 45°0'0"E 46°0'0"E 47°0'0"E 48°0'0"E 49°0'0"E

w%@ﬁ

.
E o I s

44°00"E 45°0'0"E 46°00"E 47°00"E 48°0'0"E “‘-nsl'.“q - > -
44°0'0"E. 45°0'0"E 46°0'0"E. 4TP00"E. 48°0'0"E. 49°0'0"E

s [l o
20 e

7 £
g 3
. Y0 b Yoo 1O
' = —— T
: (<) :
44°00"E 45°00"E 46°0'0"E 47°00"E 48°0'0"E
Yove Jlo (o oV Jlo (Alhadlas 5 )g0 dilaie Lol)] idigy [g )l 4o . &
w2l Gy 15,8 sloasss 4y by e SeMLILY Jgus
50 51 ymiogs | 5 511 gy | 53 .
[CadS Nt YOS ) [CadS NSt RO 2l 91 /6,5
LULC2020 LULC2000
M)J , —> M)é o> , LULC
Area (km") Percentage Percentage  Area (km")
Yo/ f VYAOF/FA YYIAS VFYFAIVA Syglas
BIYD YIYO/AY AR YIVY/QN qua
OFIvY YYYYy/vya INNAnd YY-fY/No &
TS FEINVY YN yoIva Syaig
o/-Y \ < /AY o/ YIYD YU
<Yy VFV/ -IYf 29/YA P rYten
Vb IEATAYN SV Yva/fy LIS SWRN e |
\AY4 fyy/-f AN fPanf ,:b

I RIGIS g 599 3l iaw & pbd
VET ol T sl 0 s

VY



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

a4 Lg)‘o).g a:\.l.’>fo U”‘ B LQ)L..LA =79 :\MJLO.A :\.’x...u
4S5 a2 o S5 |) Other-to-worst vector sLs
oals Lilai Ay = @iw, 2w, ..., anw)' )9
Slare Gzl aaimo L Ay oy cpl Ho 0ed 0
Wik, Wk, ) Lajlre &g (20059 -0 &> po

e 039 Oemet jebriedy dl> o ol 0 (L, WE
Wi

o = Ajw W;? = agj slogs) bajloxe 5l plas 2
bl ool 58,5 035515 (6l s 09 00 S
Sole L5 ogi loy (Hmoly 0ol Lojlas dan (o

. wj w
as ‘sl‘_ﬁ)t.bc d_oD ‘5‘)4 |) ﬁ—ajws ﬁ—agj
S s dz gl baile p S Tas 4 sl onds JSlas
dal) O jsoar 1) Joo olg oo bo)lme slogy s og

3,5 lga s (F)

5

i wpg
min man |— - aBj
Wwj

wj R
g A,

s.t.:

w; =20, forall j

&5 b Lol ) gy polie (o5l Cews 4y
Cd 05 A e BWM g, 0 (6,55
d b (F) o) 5 & 5l oolazwl LBWM (5,550
Syt & loie (Minaei et al., 2021) sg—i
o ls a6, F 0 bamo s
Lol 0als SIIY Joaz 10 6,55k

&x

Consistency Ratio = ——————
Consistency index

(F) dkal,

BWM g, -Y-Y-¥
4295 3,90 &S GIS (S5 MCDM (sla g 5l (S
10wl BWM g, cwl a8 )8 108 -] S gy
S e Jolse 23555 Sl oo ol ) G5 sy
o=l 6y el oo eoliiul colupludl o) a,
Sadlio AHP wiile pou o slogts, & Coms G2,
Minaei et al., ) cewl o] =S b Souzn 9 95
Sl 25 Ao o g0 5l (Bs, (=l 50 (2021
o) o g Il 595 oo o0liil laline (359 (pmesd
o See) s 5 (G Somten st ySegLae
00 55 pre—ai | Jlre (0 5eleS ¢ iogllae
O 5795 Sloamlio ol 5l gy 5 WS o ool
Lojlons nlo g (s s o) Jre 99 nl 51 S
minmax Jas So 5 aalol o 045 e sl
S5 ooldizwl Layyg (bl gl (has 8
el 13,18 4 BWM g, J=1 50 (Rezaei, 2015)

S e Sl lse gl g (lilid ) Al yo

Sl 5l ol (o g (n e Ll Y Al o
D9z ge by )lre

iy ol o Lajlas 25 dnlie .Y Ao yo
4 S |y Jlme (e Sz )| Glie 00555 vonaad
Loyl 5o S oo mseion 3 B) slel b o jLme s
baonlis Vo sae g 1 eS bumolis A sae
4 )l cunlie (pl dmis ol Cuma )l o YL
a5 o 2o s JoSzi 1) Best-to-others vector sl
oals Lyl a3 Ap = (ag1, apy, ..., Apy) <&y—0d
Oie ozl Baias lis apy ol ol [0 09d oo
app=1 a5 Cewl () Jlre 4 Coend B) jlns

BWM (g, )2 5,550 (a5ls ¥ Jgaar

Apy \ Y Y s
"“j e -/f¥ Ve - VIFY
&bl

I 4

YIY ¥ FIVY \ASSEAR

Rezaei, 2015 :pcs

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

VFO



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

2ol 4 4z 5 b o9l oo Jlosl al>po (ol )0 boasy 35
uL.u.Ab‘ 0‘9_4‘5_.0 ‘J—AS :\l>).o )‘ oA.a"w.)éb LJLQJJ
3 it ol i 5SS olie o o5 Jol>
dlaly 5l awle cpl gl o lo ol o 1) (Si) o Slas

g o o0laiml 3

5=t (1+ (23, m(m)])) V) s,
Sl il B Ly By 35 5 yScbos dumslixo :F Al yo
S) bylro

Lo 35 o ,Sles oo ,boo 51 G2 B> L o5 ol jo
i sl jlad> e al jo 0g b e sl
o] Orm S5l e o oolitiasl b Al e ayline
Lodty 35 o, Shae 45 sl ol B il po g alo o
dwbre alBlas jaloay Lo , 0 i wlwly
b e slos Shes 5l lasgome Lo ionl b 2098 o0
3lad e ) Slslrs glym o 1) bjlae m L
g g0 ool 55 Al

Sy =1+ (2 ZeseflinGl)) ) 2,
(E) o Ol il & gozxo dowlono 10 dl> po

polde wlwlp ) e Bi> Sliads o cpl o
Dy o dumlone T Ao g ¥ Al ye 5l odeliawsas
Js—,8 sl eslawl Lo lis 1) ] jlee B3> JSIEj
0l wele> dewlxe Bj polde )

Ej = %il$ij- s ) i,
W) 245 5o 33 hwlina 5 4> 5o

Ej) Sa> ol gl loolainl b jlas 12 (59 Culgs o
039 BiBre W dalol 18 058 o dpwle (O Al 50)
solaswl J—’) g_la.:b )‘ W zu_.wlz.o ‘5‘)—’ w‘_] )L.J.A
W95 50

_ _E

Wi = YkEk

(\+)

MEREC g, -Y-Y-¥f
ojlreiszr S el (g8 Slagts, Sl SN S
Sy S e Jslse (230559 sl aslllas (pl o a5
gy il 00 a8 3 LS 4 el bl Lol
5 2ol 5,0las as s, =l e .o MEREC
(Keshavarz-Ghorabaee et al.,, 2021) ;LS
a8 o Slas 3 ol Bdo Ol 3l los S (38,0
D98 ()2

25 ©5=eda SlsS oo |y MEREC (g, =150
3,5 4o

s ot o JoS25 ) Al
B2 oo s e ;2 0550 40 1) 43S e 5Ll
‘)_.)‘ 9 J”Hkﬁ_ﬁ oslo L)L“‘“" Xl_] La L)M-’)Jldc L}"‘ )aoLL

Wil yas 5l 38,5 Wl ol

x11 xlz xlj xlm
Ix21 x22 e xzj e x2m|

_ : : . : | )
X=lxn %z oo Xij o Xim (®) alal,

lxnl Xpz e Xpj o xnmJ

Losls giw by :Y dls> o

O3S S sl b sledbe g 5 s cnl 5o
ol yolie 090 oo ooliinl puaal s yilo yolic
dcgoze B 51 aigd oo osle liinij b oo Jlo s
saeoLid H g aes flid | siesgw glo,lso
OlgS o il atedgw e slojlno f (Slacgore
22,8 4 iledley sl 1y ) sl

mink X j

- if jEB
= W ®) i
maxy Xy j lf ] € H

(Si) sy 35 A5 5 ,Slos ducwlxo :Y Al> yo
O35 L o)L oS ojlodil S ad> e (0l yo
>_lS Q,S.Lo.c Qo);\ S 4o LS‘)—’ )_3‘).3 Lngb)Ludo

O RIGIS g 599 31 horins & pid
VY i ¥ e 08



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

Jae 51 gty ol 5 48 5 oolital JaSe Jas
CA Jos .Cewl 00ls oolazwl (CA) 5045 slo Jslu
O A cunl Jsko slad b o3l panilSe S
S Sy 5 a0l blite LS| %0y b e Jolo
895 2 )5 Jae cnl )o xien (35, Cundy SO
Sladsla Condg 5l 3t Ll Jshe Conds (Sle;
a9 08 et Cenl (S (lsB (B g lien
Ole 8 (Rakuasa et al., 2023) o p (g0 Curds
2 s ol ysige fS3g5 sl Jsbo Jas o Jla
J=lre o JelSS ol 3 (o 1y Lo ol oal g 5k,
oLl (He et al,, 2023) wisS co (aseine alizes Sloj
S slacosguze ((S9iS hagh ;o 45 Sl S
it s (ol sloasigy 5 LS Badasl sblio)
ol o, (Sl A 2EB)MCDM . o
5o JLanl ble 8 (S e Jalge (bl cslos gLl

s oo JoSis |y Jaw oyl

oy g s -

=3l ay I o Jolge (gaum glgl - Y'Y
Lo oy L

2l oty S Jslse jslaeds anlllas (ol jo
e )l Aoy, T dss o ca bl
el 0o 4285 IS, MEREC sBWM sla s,
S Jeloe @lolid 5l B9y 99 cal 5l Sapm 0
0y B (oos S a ulaly Jelse (559 ol 2
5 @Bl poe 890> laadis jl JSae
23059 @l Sl 00 (sl (6 50d ($325%0b
S sl 53 5bls e ool ¥ Jsaz o la el
Cwd an 2V Lo BWM Jas 6,55l i
Jelse (200535 31 Jolo ol s ol cal]
9 2 0 aS ol las el Lol as ) S e
5 039 Yl lupludl gblie ) alold Jlae (s,

s oo plaisl 093 a1y (55 (rAomb W) ke

1. Cellular automata

kov CA-Mar Juwo -Y-Y-0
LULC &l o5 s3lo Jow jshatody J5iS asllas o
sl Giogh el ouls oolatul CA-Markov oS 5
Lu et al., 2023; Hishe et al., 2020; ) 5 lo— —
Sl diwey yo 1,y Jaw opl S (Samat, 2014
Iy ol oo g ol LULC &l sy Sl - ke
sl o Jow cuS 5 5l oaiol Jow ailes S W
4SS 05d oo JoSis Markov 6,235 4 \)l_Tos:;
wlgiese GLSe - Glej alogr b (b9 Slo—ens
Gilwdnd (gamge slad S o | LULC ol s
&lo iy Markov 6,55 .(Jana et al., 2022) oS
e Jleszl a5 el Bolas glaasl)d 5l jleallis
b 500 Cun by 4 Candy SOl s )l
(Xu et al., 2021) a2 s oyl JLil G 5lo
MXM e il c0dalicwsds Jsl Ji>! w5k
Sy @L_A) E)b 3o as ‘) @o‘)‘ ‘5).!)5 )L).M 9 Cns]
O9y9) Cews 4 8956y dlal, .(Jones & Qin, 2022)

PG, j) =PXE+1) =jIX(@®) =) (),

38y Jlaizt oo ) Lad Pa,j) Y dkal, o
N & el Sy a8 G5l G j Cardg 41 Cardg
L s S 5138, oy 2 512 Ypmnn il oIS
Jesl Jleasl a5l Markov slao oy 51 oolaz!
(o ile (il g ool i)l gaye D pgon
o Fle Gl 50 99 s 09eell Cundg s e e
Sy 3l Jl Jleasl saias)lis] eiw g1 o
& y5moiy Yo ane ¢ Lo ol il j Sy i
8y yd Hisee slacundg slass 55wl 4y g (oo 5
=9y Sl A axgi b ogd o > ,b Markov
Syl 0929 SLSe ddl5e o Markov Jo—s
aS el 5L «(Isinkaralar, Varol, & Yilmaz, 2022)
S JILULC &y 53l Jae 2zl Joa5 sl

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

\FY



RUL TR

et sy oS L ol it [ p)lS lss (s5la o

yobas aghis 5,0 Jlud BWM Joo 29>
b ol 5 Ayl Joily Sl (gwgene
ol o =i 2Ll s Olsld (abiwsy 5 b Bble
30 el ol Jmlie By b 0 0 el ailais
slacial (Jas 90,2 0 Jlopll cwl 5 g
adhio (B8 (2o g (o 2eir (Sb Jleb

sl el Ll

UiRgi o (Kamaraj & Rangarajan, 2022) -1 )5,
Oleean ) el Ll sblie 5l alold [Lso 04>
Erre cSlogladl (ool ad; S e Jole 0o et
baciglw Jlo s GIS sloay S @ anlsl yo

g (Y JS&) YoVe gVere sl Jlw glm Lo lse
F Jgoz 0 LS o3 ol b sl eawlewwsas slagyss
HeSS adhais cologludl Lol ad ) el dois
L ;500 )k s BWM (g, (20055 @mls 5l ool L
oads oJgs MEREC g, 250559 gl 51 oolaiu!

MEREC s BWM g, 5l ooliinl b ()l ailsog, 500 &ds cilugyludl Lol iy e Jolse (20035 s .F Joue

)’| alold )'| alold }| alold

)‘| alols

AR S sble K ekt : | b sl
[l
&b < &b [Cadd) <) bosls - Ew) B
e T el b el
e ) JIYA A Y A Y Y. (BWM) s
e RY Y Y Y A Y /- (MEREC) byjs
A4°00"E A5°0'0"E 460" E 47T°00"E A8°00"E
N
W«%E
§ c s
«/88 2 4INio (3 il
: /P t A 58
44°00"E A5°0'0"E 46°0'0"E AT00"E A8°00"E
i —_ o/AF : ko o2 st
— oI ¢ Aoin i
; H
. Y A Yoo 18
— d fosks

400"E 4S00E 4E00E

AT00E

48°0'0"E

BWM Jas o>5,5 (0 MEREC Jow >4, (&
Yo colopladl pol)l o) by sbacss .o JSo

I RIGIS g 599 3l iaw & pbd
VET ol T sl 0 s

VFA



RUL TR

et sy oS L ol it [ p)lS lss (s5la o

oo SSwan V¥ Jlw o Lasp)ls 5l S50
Ot @l (o el o0l # oz 50 (giloared
BWM + CA-Markov Jao 29,5 )0 45 aad o0
30 e yaglS oY 5l co bl o)) Coawg
Jls 55 gy iashe AT+ | iy 4y Yo ¥+ L
3 a8y o=l aS Il awl amdl ol 8l v ¥
AYQ sg0> MEREC + CA-Markov Jos =>9,>

el @0 yaglS

Voo Jlo ol pabogr 5 6208 s5lwde -Y-¥
Lot | aaegr Ly g, 5| o 3
asllas 5,50 ilaie Y- ¥+ 4 ¥e-+ JLULC b
ctlagbadl ol 0k il sloasis (F JS5)
O U532 las )5 (5 Dlyesd e ile (B JS2)
Loyl 63, — CA-Markov Joe Jlesl colys jo 4

Sl o)l 8By, ppl Abg> Lol gy [ s 0,8
u}l_.m (? Lx.w) w‘ IR (5)L.:w“ T‘Y’ JL\.:

VYo Yo ladls o Sl Joliam o Markoy & s 5 ol b )8 (Uil Jlazsl) (o5 Sl i il O Jooor

. s
2 celugludl plglay B Hlee @ Sz il s gy
LULC
A Y oY R P N A Y2 [oord ARYE ghalis
[oeey [oovY IR S L YA R T S/ ¥ 2 A R 7 I
[+ 08 [+ OA oY O Y P R YLY ORI PV N VN &
[oeeY [onet RS Y A IA R [0 -/\FOF Nidig
[-0+0 [+\8 SIYOND [BREY efeeee ¥ [AFY e oY
[+ 0f [+10 “IASYA S P R S & [++¥8 LYY ol sbagy
efeeee AR ofe e feeen efeeee efe oo efeees efeees “L‘“ou|
VY -0 [+ VY oo fe I Y P RTAA £} [oe¥ [+ FAY b

00N

()

00N

000N
300N

300N
WS

900N

o¥6 [l sskes 00 N
STebag [T U< I 0% 5 0150 - .
" " . P e ey —
cobli [l &» il
A0 ae I §

BWM + CA-Markov Jae 3,5 (o MEREC + CA-Markov Jas 23,5 (&l

Vofe Jlo sl oyl oy, jonl Rogm oll Siie s )5 5 JScis

I RIGIS g 599 3l iaw & pbd
VET ol T sl 0 s

V¥4



RUL TR

et sy oS L ol it [ p)lS lss (s5la o

G 20l ploxl (oo Zdlg 4S5 jelS o aS Lidk)
Ot (85,3baS 5 SSlagladd 21 99 (e
SealS Jae g0 ;o plae B,k ool 1) aswgs
aS WS (it |y Sz 5 (e (LB Sy
leys loaiSadss (nfee 3l (S Olsear o)
St (A (GBLa> slaasl p wiils o>
s ibaie ol 50 Sl ol esSI il 5 el

Sy o S5 4 (5590

2l LYV JWLULC &lpess &g, daslio

BWM  Jow 5l Jol> Yo ¥ Jls gl oads gmim
,9MEREC + CA-Markov Jo ¢+ CA-Markov
ey y2 Sl 00 oaly LI A 5 Y sl SIS
oS el T lasS o psSl 99 ol Loz >
o adhaie 65,5la8 (Al Sl gLl (2] pogdle
BRGNS PEIWWE DSRS0 S g vy B
(Mirzaei et al., 2020) ;)|,\Kan 5 o5 00 45 2255

Vofe Jlo ooyl alsos, 5l o5 ol (iiis fs S cols § Jgas

o buo ol [
Area(km?) I Area (km?) )
: Sy
MEREC + CA- BWM + CA- o MEREC + CA- BWM + CA- ol
Markov Markov LULC Markov Markov )
LULC
VISY V/oa Vb VEYAY/E4 VEYaa/Y S ysliS
VEAIV) VEALD - o sloarg YV Yoaary Ui
AYQ/Y . ay./vf Sl gl YVPYF/A- YVO\O/OY &
VYNV YYD b OF/OA O¥/a- 55
BWM+CA-MARKOV 2 ®2000 #2020 W2040
4 e
4
3
38 A
E E § - e 2 - x w
i reg |86 | BuF | Pog | oo
Siaglas S & ST Y6 o soagy el gl 24

BWM + CA-Markov Jos >5,5) V¥ G Y-Te clals oy loj Jolbom o LULC ol i wig, ¥ JS0o

O RIGIS g 593 31 horiuw & pld
VET ol T sl 0 s

'R



o )an 5 Yo el paSt L Lol il 65,8 Ol s g5le Jow
MEREC+CA-MARKOV #2000 ®2020 W2040
:: )
g
233
8 e
=
'% = T
. c e
1
Y
3 8
fow s
SRR SR = SEBE £82 Z 2y
a5 ow o = Q 98 & g 2 4 gaee
||| €33 i shE 2 s §e= s ¥ ¥
== o - m B -
SoglsS S Er ;s Y6 lebay  csls gl b

(MEREC + CA-Markov Jus o>5,5) Y-F+ Y-+ b o o sloj Jolbos ;3 LULC o is o, A S

aslaio 6‘)—.' Lg)..i.ow )L».».»J 30)51 Lgol..a;’é‘ Lla,

2 wales ol Ul Gl Fg) e 9 251

S 5 A ¥
4o (LULC) (2l iy 9 (5 )5 S 059 !
Sl o fas bay5iS 5l (6 ke 50 mie (2l
5 Sty Lo sl s Lo i
Lwly ol 5o 0,JA8 o fie S dilats givwsS]
Sy o Lo )l peeis e e o551 51 oalST
Cu e 855> 55 Blws (- Sinte 5l srb Lanee
alioe Dlaa @ o pd a5 b e
slaylpl 5l (S ol S Olss il Joe
4o il ol el v ol GBS (Sl vt
p3Y slos,mal, L wiS o0 S8 abgs o slaglojles
351y ol (o)l e S g dilaie B sl
e (2l by 2550 bl 51 (S0 om0l 50 oS
ey pules bl 5l gladhie oSl daulge o5
ssbate (nany Esl o)l wilB0g) o pl Adg> 09, 00
=2l eSSl il 4 ol Ginghy
LYV Sloj b3l j0 )l asleog, ju pl doe>
Gasany s gl ol azsls , LULC Y- ¥

Yofe Jlo yo colupludl ooy drwei Y-V
e s jolaiedn iaghy Sl Ceend (nl s
Fe¥e cologludl kf"')' Sl s Goled (gl ames
BWM + CA-Jaws g0 sl 5l Jol> 25,5
L (¢ JS—&) MEREC + CA-Markov s Markov
S5 RS LGIS o 09290 sl lnl (655 S
Olomedn Jae 90 ;o vy oS by JuSy 5 00t
zlhpnl woss el (gileas e luludl 6 )8
L as ol las Jdoo ol ol (3 JSKS) wiloads
AV a colupldl ol coaws Y F-
o 55 a0 ol Glaasg> o calugludl Lol
G SRS 5 b weleS e e s mlee
Sonu ) sg walss T s ) Laume 5 piassST 51y
Sl 45 _adod o (& Bhagyanathan, 2022
(Khoshnoodmotlagh et al., 2020) | Sen 5 3las
Al aS Sl oo o)Ll ST (pl 4y 55 aisls alo!
Sielyime p Daeilye jo cSlupladl Lol &) o
L osd acnlgs aog> opl ol plie cudS 5 e

=2l ol drngs a5 285 0auol lg el dan )]

O RIGIS g 593 31 horiuw & pld
VET ol T sl 0 s

VO



O 5 S

et sy oS L ol it [ p)lS lss (s5la o

44°0'0"E 45°0'0"E 46°0'0"E
" " 2

47°0'0"E
2

39°0'0"N
X

T
39°0'0"N

T
38°0'0"N

44°0'0"E 45"(;'0"]:2 46“0"0"[5 47”()"0"E 48“0"()"];'
N
25 50 100 150 B sl sl

e e —
el LR W

Vofe Jlo caloglal ool g

LapimmsST 55 () E935 a5 4 Wl oo
e o o 5 JLSis dsmg ol tals
zol> Lo &) magh opl plool Lol &) 04
9 GcLo.o\ (golaidl ol bl ials ol
el Clu sl ol o, 5l sl cSlles
bee (lgte 5 olpae Sl o g onl slaasdly
0991 wald sbul) jo 1) o jesl g
sladhin glacewlow (pgas g oY lacsla )
ol dn a>g L as el S5 o LLe wile, )b
3l stz JHB slacusgume b agh (nl (egk
OLSal pae 5 (gl (5510, Cudgame alex
A0 el 00gr axlge 501, e slaosls 51 eslaul
(G0 o oo o 51 Slalllas ;o 45 04 o Slpiin
)5 wisidl s Gaelr (6 S pread sl )l
Gl Glaps oSl plu b Liegh pl o colaiul
Ol s S8 B ol aulas LULC ol sy

b il

La s, 5| 45 MEREC s BWM (sl s, oaisoly
L wies (MCDM) o lnedszr (5 S ool 5,4
A g0 adly yo asleas oS 5 CA-Markov Jow
S5 b AL S el 0wy Yo Fe Lo ol
S 5 Ly , S0 &2i BWM + CA-Markov

S o=l plssl 5l o MEREC + CA-Markov
=2l oty sl o Gl A e Jya
SIS o s 3l ol ol ol el Ll
Jame 90 Calwladl ol S ie sla JuSs
Ll ailaie 13 6 2)LS ml o385, 00 5 S
ol dses o colugludl ol jlsaslsl os,
5 AL g5 Gl L g 00l an () B0,
2 BLS sleaist (B B eies 5 )5l
o=l Ay 9ty (Brbjl dgd oo i adlaie
o9 nl eS| 5 o250 St Wlgi e (o1
ol ol gl ol a5z il ansls 5
Lol ol g el da i o ol bl 5l el
b mlin o 50 0l aalgs eolatul ailsog,

O RIGIS g 593 31 horiuw & pld
VET ol T sl 0 s

VoY



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

&l

Aalijahan, M., Salahi, B., & Hatami, D. (2021).
Investigating  the relationship  between
changes in atmospheric greenhouse gases and
discharge fluctuations in the Basin of Aras
River. International Journal of Geography
and Geography Education, (44), 461-474.
https://doi.org/10.32003/igge.852263

Alsharif, M., Alzandi, A. A., Shrahily, R., &
Mobarak, B. (2022). Land Use Land Cover
Change Analysis for Urban Growth
Prediction Using Landsat Satellite Data and
Markov Chain Model for Al Baha Region
Saudi Arabia. 13(10), 1530
https://doi.org/10.3390/f13101530

Arif, M., Sengupta, S., Mohinuddin, S., & Gupta ,

K. (2023). Dynamics of land use and land
cover change in peri urban area of Burdwan
city, India: a remote sensing and GIS based

Forests,

approach. GeoJournal, 1-25 .

https://doi.org/10.1007/s10708-023-10860-3

Aslami, F., & Ghorbani, A. (2018). Object-based
land-use/land-cover change detection using
Landsat imagery: a case study of Ardabil,
Namin, and Nir counties in northwest Iran.
Environmental monitoring and assessment,
190, 1-14. https://doi.org/10.1007/s10661-
018-6751-y

Camara, M., Jamil, N., Abdullah, A., & Hashim,
R. (2020). Integrating cellular automata
Markov model to simulate future land use
change of a tropical basin. Global Journal of
Environmental Science and Management,
6(3),403-414.

https://doi.org/10.22034/gjesm.2020.03.09
Chen, H., Tackie, E. A., Ahakwa, 1., Musah, M.,

Salakpi, A., Alfred, M., & Atingabili, S.

(2022). Does energy consumption ,economic

growth, urbanization, and population growth
influence carbon emissions in the BRICS?
Evidence from panel models robust to cross-
sectional dependence and slope
heterogeneity. Environmental Science and
Pollution Research, 29(25), 37598-37616 .

https://doi.org/10.1007/s11356-021-17671-4

Chen, J., Chen, J., Liao, A., Cao, X., Chen, L.,
Chen, X., He, C., Han, G., Peng, S., & Lu, M.
(2015). Global land cover mapping at 30 m
resolution: A POK-based operational
approach. ISPRS Journal of Photogrammetry
and Remote Sensing, 103, 7-27 .

https://doi.org/10.1016/j.isprsjprs.2014.09.002

Chen, Z., Huang, M., Zhu, D., & Altan, O.
(2021). Integrating remote sensing and a
markov-FLUS model to simulate future land
use changes in Hokkaido, Japan. Remote
Sensing, 13(13), 2621 .

https://doi.org/10.3390/rs13132621

Christensen, M., & Jokar Arsanjani, J. (2020).
Stimulating implementation of sustainable
development goals and conservation action:
predicting future land use/cover change in
Virunga National Park, Congo.
Sustainability, 12(4), 1570 .

https://doi.org/10.3390/su12041570
Geranian, H. (2022). Determination of Potential
Mineralization Areas by Hybrid Multi-
Criteria Decision-Making Methods in the
Khoynehrud Region of East Azerbaijan.
Journal of Mineral Resources Engineering,
7(2), 25-46 .
https://doi.org/10.30479/JMRE.2022.14635.1470
Gurbuz, M., & Cilek, A. (2023). Analysis of
Urban Land Use Change Using Remote
Sensing and Different Change Detection
Techniques: the Case of Ankara Province.
The of  the
Photogrammetry, Sensing  and
Spatial Information Sciences, 48, 515-520 .

International  Archives

Remote

https://doi.org/10.5194/isprs-archives-
XLVII-M-1-2023-515-2023

Hajihoseini, M., Morid, S., Emamgholizadeh, S.,
Amirahmadian, B., Mahjoobi, E. &
Gholami, H. (2023). Conflict and cooperation
in Aras International Rivers Basin: status,
trend, and future. Sustainable Water
Resources Management, 9(1), 28 .

https://doi.org/10.1007/s40899-022-00799-7
He, Y., Wu, W, Xie, X., Ke, X., Song, Y., Zhou,
C., Li, W., Li, Y., Jing, R, & Song, P.

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

VoY



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

(2023). Land Use/Cover Change Prediction
Based on a New Hybrid Logistic-
Multicriteria Evaluation-Cellular Automata-
Markov Model Taking Hefei, China as an
Example. Land, 12(10), 1899 .

https://doi.org/10.3390/1and 12101899

Hishe, S., Bewket, W., Nyssen, J., & Lyimo, J.
(2020). Analysing past land use land cover
change and CA-Markov-based future
modelling in the Middle Suluh Valley,
Northern Ethiopia. Geocarto International,
35(3), 225-255.
https://doi.org/10.1080/10106049.2018.1516
241

Hua, A. (2017). Application of CA-Markov
model and land use/land cover changes in
Malacca River watershed, Malaysia. Applied
Ecology & Environmental Research, 15 .(f)

https://doi.org/10.15666/acer/1504_ 605622

Isinkaralar, O., Varol, C., & Yilmaz, D. (2022).
Digital mapping and predicting the urban
growth: integrating scenarios into cellular
automata—Markov chain modeling. Applied
Geomatics, 1-11.
https://doi.org/10.1007/s12518-022-00464-w

Jana, A., Jat, M. K., Saxena, A., & Choudhary,
M. (2022). Prediction of land use land cover
changes of a river basin using the CA-
Markov model. Geocarto International,
37(26), 14127-14147.
https://doi.org/10.1080/10106049.2022.2086
634

Jones, G. L., & Qin, Q. (2022). Markov chain
Monte Carlo in practice. Annual Review of
Statistics and Its Application, 9, 557-578 .

https://doi.org/10.1146/annurev-statistics-
040220-090158

Kamaraj, M., & Rangarajan, S. (2022).
Predicting the future land use and land cover
changes for Bhavani basin, Tamil Nadu,
India, using QGIS MOLUSCE plugin.
Environmental ~ Science and  Pollution
Research, 1-12.
https://doi.org/10.21203/rs.3.1s-616393/v1

Karimzadeh Motlagh, Z., Lotfi, A., Pourmanafi,
S., & Ahmadizadeh, S. (2022). Evaluation

and Prediction of Land-Use Changes using
the CA_Markov Model. Geography and
Environmental Planning, 33(2), 63-80.
https://doi.org/10.22108/gep.2022.130601.14
58

Keshavarz-Ghorabaee, M., Amiri, M.,
Zavadskas, E. K.,  Turskis, Z., &
Antucheviciene, J. (2021). Determination of
objective weights using a new method based
on the removal effects of criteria (MEREC).
Symmetry, 13(4), 525.
https://doi.org/10.3390/sym13040525

Khoshnoodmotlagh, S., Verrelst, J., Daneshi, A.,
Mirzaei, M., Azadi, H., Haghighi, M.,
Hatamimanesh, M., & Marofi, S. (2020).
Transboundary basins need more attention:
Anthropogenic  impacts land
changes in aras river basin, monitoring and
prediction. Remote Sensing, 12(20), 3329 .

https://doi.org/10.3390/rs12203329

Kisamba, F. C., & Li, F. (2023). Analysis and
modelling urban growth of Dodoma urban
district in Tanzania using an integrated CA—
Markov model. GeoJournal, 88(1), 511-532 .

https://doi.org/10.1007/s10708-022-10617-4
Kourosh Niya, A., Huang, J., Kazemzadeh-Zow,
A., Karimi, H., Keshtkar, H., & Naimi, B.
(2020). Comparison of three hybrid models to
simulate land use changes: a case study in
Qeshm Island, Iran. Environmental
monitoring and assessment, 192, 1-19

https://doi.org/10.1007/s10661-020-08274-6
Latue, P. C., & Rakuasa, H. (2023). Analysis of
Land Cover Change Due to Urban Growth in
Central Ternate District, Ternate City using
Cellular Automata-Markov Chain. Journal of
Applied Geospatial Information, 7(1), 722-
728 . https://doi.org/10.30871/jagi.v7il.4653
Li, J., Dong, S ,Li, Y., Wang, Y., Li, Z., & Li, F.
(2022). Effects of land use change on
ecosystem services in the China—Mongolia—
Russia economic corridor. Journal of Cleaner
Production, 360, 132175.
https://doi.org/10.1016/j.jclepro.2022.132175
Liping, C., Yujun, S., & Saeed, S. (2018).
Monitoring and predicting land use and land

on cover

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

Vof



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

cover changes using remote sensing and GIS
techniques—A case study of a hilly area,
Jiangle, China. PloS one, 13(7), ¢0200493 .

https://doi.org/10.1371/journal.pone.0200493
Lu, L., Xue, Q., Zhang, X., Qin, C., & Jia, L.
(2023).  Spatiotemporal
Quantitative Attribution of Carbon Storage
Based on Multiple Satellite Data and a
Coupled Model for Jinan City, China.
Remote Sensing, 15(18), 4472.
https://doi.org/10.3390/rs15184472
Minaei, F., Minaei, M., Kougias, I., Shafizadeh-
Moghadam, H., & Hosseini, S. A. (2021).
Rural electrification in protected areas: A
spatial assessment of solar photovoltaic
suitability using the fuzzy best worst method.
Renewable Energy, 176, 334-345.
https://doi.org/10.1016/j.renene.2021.05.087
Minaei, M., & Kainz, W. (2016). Watershed land
cover/land use mapping using remote sensing
and data mining in Gorganrood, Iran. ISPRS
International journal of geo-information,
5(5), 57 . https://doi.org/10.3390/ij2i5050057
Mirzaei, M., Jafari, A., Verrlest, J., Haghighi,
M., Zargarnia, A. H., Khoshnoodmotlagh, S.,
Azadi, H., & Scheffran, J. (2020). Trans-
boundary land changes and its
influences on water crisis :Case study of the

Aras River. Applied Geography, 124, 102323.
https://doi.org/10.1016/j.apgeog.2020.102323
Mokarram, M., & Pham, T. M. (2023).
Prediction of drought-driven land use/land
cover changes in the Bakhtegan Lake
watershed of Iran using Markov chain
cellular automata model and remote sensing
data. Natural Hazards, 116(1), 1291-1314.
https://doi.org/10.1007/s11069-022-05721-0
Moradi, E., & Sharifi, A. (2023). Assessment of
forest cover changes using multi-temporal
Landsat observation. Environment, develop-
ment and sustainability, 25(2), 1351-1360.
https://doi.org/10.1007/s10668-021-02097-2
Mostafazadeh, R., & Talebi khiavi, H. (2022).
Landscape change assessment and its
prediction in a mountainous gradient with

Variation  and

cover

diverse land-uses. Environment Development

and Sustainability.
https://doi.org/10.1007/s10668-022-02862-x

Mustafa, U., & Ghasemlounia, R. (2021). Flood
prioritization watersheds of The Aras River,
based on geomorphometric properties: Case
study Igdir  Province.  Jeomorfolojik
Arastirmalar Dergisi(6), 21-40.
https://doi.org/10.46453/jader.781152

Nasehi, F., Hassani, A., Monavvari, M.,
Karbassi, A., & Khorasani, N. (2013).
Evaluating the metallic pollution of riverine
water and sediments: a case study of Aras
River.  Environmental — monitoring  and
assessment, 185, 197-203.
https://doi.org/10.1007/s10661-012-2543-y

Ngo, T. D. (2023). Demographic trends and
population health: tackling inequality in a
world of eight billion people. In (Vol. 8, pp.
e01 2137): BMJ Specialist Journals.

https://doi.org/10.1136/bmjgh-2023-012137
Pertuack, S., & Latue, P. C. (2023). Geographic
Artificial Intelligence and Unmanned Aerial
Vehicles  Application
Analysis of Settlement Density and Land

for  Correlation
Surface Temperature in Panggang Island
Jakarta. Buana Jurnal Geografi, Ekologi Dan
Kebencanaan, 1(1), 39-47. https://doi.org/
10.56211/buana.v1il.340

Rabby, Y. W, Li, Y., Abedin, J., & Sabrina, S.
(2022). Impact of land use/land cover change
on landslide susceptibility in Rangamati
municipality ~of  Rangamati  District,
Bangladesh. ISPRS International journal of
geo-information, 11(2), 89.
https://doi.org/10.3390/ijgi1 1020089

Rahman, M. M., & Szabd, G. (2022). Sustainable
Urban Land-Use Optimization Using GIS-
Based Multicriteria Decision-Making (GIS-
MCDM) Approach. ISPRS International
journal of geo-information, 11(5), 313.
https://doi.org/10.3390/1jgi1 1050313

Rakuasa, H., Sihasale, D. A., Somae, G., &
Latue, P. C. (2023). Prediction of Land Cover
Model for Central Ambon City in 2041 Using
the Cellular Automata Markov Chains
Method. Jurnal dan Remote
Sensing, 4(1), 1-10.

Geosains

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

AINA



OSen 5 (Yo

ool aiy oS Lol itie s mlS Sl o5le o

https://doi.org/10.23960/jgrs.2023.v4.i1.85

Rezaei, J. (2015). Best-worst multi-criteria
decision-making method. Omega, 53, 49-57.
https://doi.org/10.1016/j.omega.2014.11.009

Samat, N. (2014). Monitoring the expansion of
built-up areas in Seberang Perai region,
Penang State, Malaysia. IOP Conference
Series: Earth and Environmental Science,
https://doi.org/10.1088/1755-
1315/18/1/012180

Sanakhan, A., Solgi, A., Sorbi, A & ,Arian, M.

(2020). Survey of active tectonic: the influence
of river morphotectonic in Aras Basin.
Arabian Journal of Geosciences, 13, 1-20.
https://doi.org/10.1007/s12517-020-05484-7
Shafizadeh-Moghadam, H., Minaei, M., Feng,
Y., & Pontius Jr, R. G. (2019). GlobeLand30
maps show four times larger gross than net
land change from 2000 to 2010 in Asia.
International Journal of Applied Earth
Observation and Geoinformation, 78, 240-248.
https://doi.org/10.1016/j.jag.2019.01.003
Shah, M. 1., Abbas, S., Olohunlana, A. O., &
Sinha, A. (2023). The impacts of land use
change on biodiversity and ecosystem services:
An empirical investigation from highly fragile
countries. Sustainable Development, 31(3),
1384-1400. https://doi.org/10.1002/sd.2454
Shukla, A. K., Ojha, C. S. P., Mijic, A., Buytaert,
W., Pathak, S., Garg, R. D., & Shukla, S.
(2018). Population growth, land use and land
cover transformations, and water quality
nexus in the Upper Ganga River basin.
Hydrology and Earth System Sciences, 22(9),
4745-4770. https://doi.org/10.5194/hess-22-
4745-2018
Sohail, M. T., Manzoor, Z., Ehsan, M., Al-
Ansari, N., Khan, M. B., Shafi, A., Ullah, J.,
Hussain, A., Raza, D., & Usman, U. (2023).
Impacts of urbanization, LULC, LST, and
NDVI changes on the static water table with

possible  solutions and  water policy
discussions: A case from Islamabad, Pakistan.
Frontiers in Environmental Science, 11,
1018500.

https://doi.org/10.3389/fenvs.2023.1018500
Sonu, T., & Bhagyanathan, A. (2022). The

impact of upstream land use land cover
change on downstream flooding: A case of
Kuttanad and Meenachil River Basin, Kerala,
India. Urban Climate, 41, 101089

https://doi.org/10.1016/j.uclim.2022.101089
Talebi khiavi, H., Mostafazadeh, R., Asadi, M.,
& Asbaghian, K. (2022). Temporal land use
change and its
competing driving forces in a diverse land
use configuration. Arabian Journal of
Geosciences, 1597.
https://doi.org/10.1007/s12517-022-10890-0
Tavangar, S., Moradi, H., Massah Bavani, A., &
Gholamalifard M. (2021). A futuristic survey

of the effects of LU/LC change on stream
flow by CA—Markov model: A case of the
Nekarood  watershed,  Iran.
International, 36(10), 1100-1116.
https://doi.org/10.1080/10106049.2019.1633
419

Vaddiraju, S. C., Talari, R., Bhavana, K., &
Apsana, S. (2023). Future Land Use Land
Cover Scenario Simulation Using Open-
Source GISFor The Saroor Nagar Watershed,
Telangana, India.
https://doi.org/10.21203/rs.3.rs-3091123/v1

Vu, T.-T., & Shen, Y. (2021). Land-use and
land-cover changes in dong trieu district,
vietnam, during past two decades and their
driving forces .Land, 10(8), 798.

https://doi.org/10.3390/1and 10080798

Xiao, T., Ran, F., Li, Z., Wang, S., Nie, X., Liu,
Y., Yang, C., Tan, M., & Feng, S. (2023).
Sediment organic carbon dynamics response
to land use change in diverse watershed
anthropogenic activities. Environment
International, 172, 107788.
https://doi.org/10.1016/j.envint.2023.107788

Xu, J., Zhang, L., Li, J., Cao, Z., Yang, H., &
Chen, X. (2021). Probabilistic estimation of
variogram  parameters of  geotechnical
properties with a trend based on Bayesian
inference using Markov chain Monte Carlo
simulation. Georisk: Assessment and
Management of Risk for Engineered Systems
and Geohazards, 15(2), 83-97.

economic values under

Geocarto

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

\oF



O 5 (Y vl ol paStL ol il [ ,)8 Olpass s5le Joe

https://doi.org/10.1080/17499518.2020.1757
720

Yulianto, F., Maulana, T., & Khomarudin, M. R.
(2018). Analysis of the dynamics of land use
change and its prediction based on the
integration of remotely sensed data and CA-
Markov model, in the upstream Citarum
Watershed, West Java, Indonesia.
International Journal of Digital Earth.
https://doi.org/10.1080/17538947.2018.1497098

Zarandian, A., Badamfirouz, J., Musazadeh, R.,
Rahmati, A., & Azimi, S. B. (2018). Scenario
modeling for spatial-temporal change detection
of carbon storage and sequestration in a forested
landscape in Northern Iran. Environmental
monitoring and assessment, 190(8), 474.
https://doi.org/10.1007/s10661-018-6845-6

Zarandian, A., Mohammadyari, F., Mirsanjari,
M. M., & Visockiene, J. S. (2023). Scenario
modeling to predict changes in land use/cover
using Land Change Modeler and InVEST
model: a case study of Karaj Metropolis, Iran.
Environmental monitoring and assessment,
195(2), 273. https://doi.org/10.1007/s10661-
022-10740-2

Zhang, C., Yao, D., Zhen, Y., Li, W., & Li, K.
(2022). Mismatched Relationship between
Urban Industrial Land Consumption and
Growth of Manufacturing: Evidence from the
Yangtze River Delta. Land, 11(9), 1390.
https://doi.org/10.3390/1and11091390

Zhang, Z., Hérmann, G., Huang, J., & Fohrer, N.
(2023). A Random Forest-Based CA-Markov
Model to Examine the Dynamics of Land
Use/Cover Change Aided with Remote
Sensing and GIS. Remote Sensing, 15(8),
2128. https://doi.org/10.3390/rs15082128

O RIGIS g 599 31 horins & pid
VY i ¥ e 08

\av



