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4 Multi-Criteria Evaluation (MCE)
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! Analytic Hierarchy Process (AHP)
1 Analytical Network Process (ANP)
3 Subjective
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5 Entropy

Liuetal


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

Gl pgal (dide S Sl gl el
oIS 2 el o slaceale G le 5 p90 oo
oadiasle ool ansi g o)ly Jolw Sblogil Jow a
Sl o olaw 4) Cewl oo (g5lwand pgw lej sl y
b o gly oatiaisle o)) sloash «Se,
WA iy S 4250 G Glp (0D Oy
1 pge o ly ot (g jldnds sabaisle o)
Jbo 2l )8 (o8ly adis b Gl slacsin,
odd drwbre 285 b)) layell 5 anslie pow
@D amlie 5 2Lyl le Grimes ool
@l e g sl (20)y slal]
b g5l 1SS o besadasle Lol gilwans
olgd jo ol anlie (aBly cadansle Lol azai |
A g Ay (BO0)9 Py 9 Sy 4250 sl
Slpoadaizle Lol ands (paw 4l Lol (6,08
29lad gaaddnab g (510 5 i V)Y

2 Syhmeil mmal lp GRegn onl e
Tfa] ol sas solimal ' als Jo 51 sl lsale
obey Oszed 2o yelil Jae cul jo jshaie Gl sl
oo o ldl i Cuxdse stz el )l o )lgale o
ooliwl wlje> b agly g bkl (g bl
sl b Glagh 5o eolitul 9)50 pslal 090 0
iloalds pwiid puseal e VYl S

2l el adlllas 9y50 adlate SN 628
il 2l glie 5 e glad (555l bl
00l (gac gz « bl can A gumdads 5l o
slosls 4 a5 b b S asa slp jeel slo
s w) 55 polal ey Wbl Jeol>
S ny glaard 5 Aise (S, slocaS 5 s
g0 abbaie Lol (6 )5 SALE e O agS
Colds o iy oAb by elel » adlas

!Fast Line-of-sight Atmospheric Analysis of Spectral
Hypercubes (FLAASH)

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

el gloasds odg sl OWA - Jaws 1L s
a0 g ookl Galie Sy, ol o Lol
ok bl Jow 55 ool 5,90 s ol 5
o Jao Coles yo el i8S 18 solul o)
A (S ShreS (S Slnodd 0dld dngs
S S preal O Sy az)d slow p L
el 00 (g josly o lone aiz

o9 9 8lgo Y

S5 S (S G 0 W S anwgs sl p
S S preal O Sy a4z o glie p
25 % o Al glaosls g Buiod g 5l o)lae iz
Lol ouls solaiul

G (g, V-

Sl Wz s o S Ghagn ol 9
e Sl 2 S (S S sleans
Shl (NS )50 a3 (655 prodl )0 diny Snn
polar ol (Jol a8y jelaie cpay ol ca
Joe 5l ookl b9 ead E3lop s (slo,lenle
sabaisle ol ask walid o tin sandid
2 eogs oS s s gl Gl sla o ol
i3S glapley Wil S sloaii el
sloasd (p loy abol dpgo 9 Jol slagle))
slp e Gloj alols 5 pg0 9 Jgl (L2 62,8
2 oadhas gbcolus Guyle wanl i
S5 line s g S o el 00 il LIS
Slajlre mdey Sl 5 paasie Glulid)lS
Slaep 5 Sl Rl ol (b B5eS n S
SSe e Ojs S g (SRS (BO0)s by Bk
oo 5 (aihie) (Gl ol )3 oo laslne
oS 5 b imen Sl odd diwle (JS0)
Joe 50 oyl bl s slae (5 dojlae olie
Old 5 el 4l OWA o lne Wiz (65 e
CrlySun, ol o cadasle Lol o
Sladiss ooz pE o canl ond o> il


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

B9l Lb y 3020 woiusun puol «5lo jg jud 5025 Moo

).;.é 9 IRV Ve W L.S'a‘)‘ U")U 9o L axdllas Sy90

IRV IRV AP W VE e

odds agd YoN0 5 Yeod OAA0 sl ls ol
aihie Lol 6,5 sloass ol o fo-lew

MLC %9, - ouh guzmal (gloylgale p glai w— G319 53 e - Gloylgabo yolas
ol i ol asis
095 Jlu i L Jol Jbw oodsass L
; Foo sbybre D E— TS
. 5 Sloj alold 1
s Sloj alols .
“;;TJ; e By Sl 990 gloj o
Objective i,
o luo JULS! o il Subjective b9,
Syl 510! hxe G Bl l
Sl 3539 = 033 Aot o
objective objective Subjective .59
U ;* J)
S S
X
il s l l '
> Jlo cndiaisle _—
=
L &l G339 o oy -
C J . y =

cndrazsle ool gbaids

29 pgw Jlw ool Sow ey
Cilizeo Soams ) > 53

ORnesg polic ——»

Ol 0 )0 cuwld glaalss

> Ol e

alizo Sows

|

/

Aoy Sy 42 50 50 s alds

Wt Sy Ol 30 GLuo 2 jed (K9 38 (b S (Gilwdnd (6l WMo (oo Joo 1) JS

g oo Dgme Joo sla539)9 45 39 oo o3liul
5 o 95 [ Sloy abold ald 9ol ogdle
T R e R
ot e 098 (b el pulul n 9l o
ol b BeSile Jae o (ool )5 s

IVF] 05 oo aulone (V) ala

9 o Jobw Llogil Joo —-¥-1-Y
Gl il by Sz pol> adlllee o
b oolil 35S L Jshoo sblogsl Jaw 5l ool
Jae hol ise g el Jaw ol IYE 5 -]
2 il Jsls Blagil Jao 5 B55 e (50225
Gy a2 55 5l ojlsan (BsS Lo (g0 pam; o


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

0 ko Wz (6 pS e’ Joro - ¥ 1Y

ol o0 08,9 LS 3> T dalol yo

Leydgamo g b )lwo —V-Y-)-Y

bl Jlo Yo 5o bl o ed by Jedoi g oy b
MCE s)lae wi> b)) b 5l eslanul s
la,Lxe Jols MCE 5 la,Lns [0V ]0s adgs o))
A elelp g cal 5o el laasgass
Mz et Sllllae 5 bbbt plebs,ls
Slere A 5 e w8y IS8 (S cosgase
S lcodgioe Al sl (5,00 ADy Sige
ale 5 ailssy, oSl wasasle bl Lels
sdiichy w8 slaael,y 5 oasclli> able o
Comdg Jold bl od (Jeall 5b) Jb loxd
"o (o] soasly 5 sid Gl dszse
S5y e bl a5 cal Jb s opl il
wasasle ool 5l alols 5 o le b S
S alols g 35 e 5l alols o Lol slaesls I alols
e slaliad 5l alols 5 T mlie 5l alols wilsss,
e (ST s i elel b lse 51 SG e
Silwslaibinl ogos al wm o g o lailinl 0es
ol 5o el Ssline K0Sy b aylies ol 5 S ye
Syge bjlins gluslubinl sl Ghey 99 oo
b ol ool ) alols Jlas ool a5 15 oolice]
2Ll kol slajbne 5 (V) alal)) pSTos 5,
alold w@ilsog, 5l alold deool> 3l alold wadbaizle
Bl Gogy b el S0 5l Aol 5 e slad
W3 (65w laitew! ((F) adaly)

g. —gMmin
a, =11 (¥) ala,
max min .
Sj —Sj
max
a. = M (F) alal
ij max min )
Si 7S

2 ekl Camdge lade 55 (F) 5 (V) sleakal, o

ke o yiden ST 5 Jlade a8 ST eh Lre

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

S(t+1) = p, xs() (Vak,

Ol 58 i slacdl> S(tHL) 5 S(1) (1) akail 5o
D oo dmmlima (V) alaly 3 b 5l aS conl CJl>

pll A pln
p=| (V)aka,
pnl A pnn

N -
(0<p; <land Zj:lpij =1, (i,j=12,....n))
S4> g0 ‘_;Lmdﬁ)lf Sloss o\.\.;.‘boL’)L.'Z..S N «(Y) dJa.3|) Ie
cYliml Jols Jow (zg,r il e dilaie o
g2 oodd ol sl wple (uxsg o
b sl b Jaxl pglai g W
Iy -] col Glisee slags 5
JUsl eVlasl az 51 wBeS,le o Jow o
el g0l cds Gl )5 o 0 cad dculxe
Sl Jokw sblogsl Joo 5l s creen 4 [Y0] ol
Sgd oo ool Jaw 4 Sl dasin 9,5 adlal
s et 2Ulss a8 canl ale o Jske sbilegs!
Iy Mo Caxsg oS Gl 6,5, Lulul 5 |,
drwg gl B0 alll sl sl calils ses
e sl G Dple - 200y e S
oozl plasleos Condy ulol 1 b sl Condg
s> sladshe Jao o cnlple sl salys
aii wolas JEDl ule 5l eolizal b G5 Lo
Sty oa] slp (Ol )5 ead (giluand
(Sledse Ll byl sl IYA g Yol Wi
Vsare ols loy Ko 5o Jow 5l oad Jols sasis
[ov]


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

B9l Lb y 3020 woiusun puol «5lo jg jud 5025 Moo

Slolne 51 Seye (s e sl SOl g o
oolail (9,51 atlh (ue (g, 5l eolaal b Sge
Sl olad £935 5 e Sk a5 ol oad
w95l laie [ 5 ¥elasl o laylas ,0 89290
Sl 5 Lo polie i £o5 ol (ymb
Sl gL el e (uSep bl i
[06] coil jaS ledbl § Jlae polio ol gou
wsl asl 5reS sl Ojs & ale)le

LBl s (6505 prenal Nigy 5O (5 56T o]
Dbl Gl wlol 2 bajlene 51 So 5o slagyss
@9)3-3—‘ sl pell @K JLae 2 50 520

[05] 59 o dlons () alal, 5l oolizul b o (EK)

D YALGY

0) ala
In(m) ©) o=l

By

ik~ =m
i1 ik
Ll oK Jlre jo pll S lade 8y (0) abal, o
3 O9zge Oledbl gol Az aculre (lp
oolawl (7)) all, 51 Lee polie 5l slacgee
D9 s
b, =1-E, ¢ F)ala
Oledbl ge5 ax o canmslishy, (F) aal, o
scyyy «oledbl g5 ax o 3l eolainl b abl o
D9 (50
by

ZE:lbk

e sl @951 2 s 039 Wi oY) alayly o

WEk =

(V) akaf,

(ool (nl paibioe Fge slaslne slaxi N g ol
pdlie ol g lojlens 51 S g2 4y bogipe (g9l
-0 dombe aslllas 8,90 ddlaie ulde jo las yo
039 S Sse sbaylins 51 S o sl A o 090
B L TSRS
ol sl p (s (39 anlne p odle (iag
ke o fally ol e Gulde o 9]

1P

ood 3l laiedy Geied ool phj lne
ORI ETURSIRE JE IR

2o & aslllae 550 dihin o SIS glacasgae
Sl ho Hlade a5 )9k 4 sailead has b
Lov]asl o conls Slas o oo g conlis pae
Feo sbylme (23359 -T-F-1-Y

0 re Wiz G pSpreal slaghs; o bajles ()9
SrSpeeal dlp o gl o Coeal KLy
90 5% 008 ok 4 (a3(yis slaghy, il
2 Ngdoe ganalb e g S0d Slals) 09,5
slacagsl ulol 2 Bro (339 (et oS85 Slahs)
2l sbaghs) il esliiul b g GBS prea
Slarye JBlao (o) (oilpe ahades Julowi by, aiile
dmlxe 0 pSpaal o (5 QL)) ey (S
(95] laghy, wile e slaghy, )0 ogb e
S5 L O3y o e g Bad iz (pmogiasli
slacogdgl @ a2 gen G2k, sledss
LEY] 098 o ploxl 0 1u5 puonas

5yl polie Slposs (S (B30 b,
pas rigred S9bged a8)S (L 50 adhaie (wlide
bl chnd (N S el Dgldd ;5 05l Coxlad
e (23059 50 45 (J o el (2d lahs,
g nolie yodS & iy (aeatt (e slalty
A Jy oyl S bles ol
Jles! s jskar Wby, cal 0 (B85 S s
ooliial (W e 4 5 SIS S| g 99 el
Lol s o

0P 3l 23 by amslxe sl Ghaghy cnl o
5,555, 3 AHP bs, el oad oolicsl AHP
9y )l &S Sl o)l wiz g aBas iz (6 S e
slcagdsl byl slr ez Al
slajloe (g 5 WS oo ooliial (BT prea
SBO038 By et Slair sd s drulbre i
S8 ond bl et slagtagy Sy o AHP
Lo¥ gvel el ons


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

ol Olgien s o el jho b plp Sl 0
s )5 B )l lo)lne asgorma 5, L
Gl Gl Cundy )50 )0 Sl mee
@ sl ad)lea” Ldlaa 5o Ly Jol o9l elul
S o 4 oS (25)lee g Sl atily S ad)le
R Fsd Bl a Cend |y st il s
Jade Gl asdS ol jo i Soes
Slr ke 2 03s Olsre @ adlate lie )o LS,
el oo solazwl Jawd iled g cenls acdl g
Godgazs ;5 Jgo slajlre (6,550 el
Llyh 4 arg b b SO dlise oLl
2 dlte LBl sl )5 s sl (Sleos
arlims (gl anlllae ol o il oo Sglite 530K,
Loopls sy S ln byl 51 S0 50 09
20l 6yl F Rl b (e (g 5l eolia]
(V) b (0) Luly, drsloms (sl ailaio gl LSy oles
S his s o3l l b a5 b o 5 e oolical
G (@) Ly, deslrs gl p asluen sl JuSy polio
S5 b OV alaly bl g e oolical (V)
9y Sl @ 0j9 b S gy 5l el 0
dize Sygo  (dome g Gyl olidie 59 50 (e
5 Gyl ol o bl J1 o 2 WS 038

o o 38 aSilen Rac ¥ Yo1-Y
slaty; 5l So OWA) sl Spe (59 (Solee
Jo 275k by a5 ol ol wiz (oSS
19 188Y b o el bawg g slpiig VAAA
So o slp LoV] ws eols axwg SIKe slaop,lS
g5 95 5l oolinul L OWA Slas )lao N L degare
S oo S5 ) slae sleasds ey asgere

K4€g0m0 g WI, WZ,...,Wan)L,M 09 Gaegeimo

L Yager
2 Eastman

1Py

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

dlme (Sluoa polie Lulul p (Jowe) JuSy
oy Sl eolaul bjekaie cpl (gl il onls
SHE 039 S 2 59, ol 6xSE g S i
(A Lails, ) osliiul b oSy o gl ol L

Lre] colonds ailoes (V) 5 (1)
1-EY

q _
EK — N0 . —a
2 @-ED Meala],
D I G
“ In|a]) @)k,
al
R=or o (O ek,
k:laik

- sl leme pHK laie @l (V0) 5 () M) kg, 5o
EeP oz GealG s w85 18 Sy ol
— 0 485 8 Sy o gl slexe oK ool Loy
el 5 slens plK 95T Jlaie BY o 2eiy (sl G
bl ) Jlene phK g9,5T (59 e WG 5 0oy
N 5 0oty el 5o @Bl slounSy olass[0] oy

sl e b Loas sl
0 slanis b sl 2 s slagiy caled o
3 S5 O) il S ypm 4 AHP i, 3] ol

g n dmle iliie slo)line (Juem(S23 (5

C W W,

T WaW)
AHP Joo W Cawdy 23 59 f(VY) alayly jo
) ol oK e sl 3 We s oK ons
Jlde dzya adlioe due g (25 Slagy <SS
039 9 7555 leme 55 4z a3l ySasS « g55]
5 e Sl dly o b Gl g9
Gy (3 ol @00 092 K jlae jo (5 ggiia
Ngy 53 1y Srege S g ool plaisl 05w )
JU Ren sl K jle ST 0)ls (55 pranad
(=1, 2 .m) lp b lade Soay S wisb

(O abad,


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

B9l Lb y 3020 woiusun puol «5lo jg jud 5025 Moo

oy S 40 |, OWA cisdge ORness lade
o 23 oo L OR B AND (gl ,Shos s Ay
Fomb polie b Gi) SV polie (03l » 5l
by slo)las 5l slaegaze pli coade )3 (o)
LeA] 5 s oS

e byl -Y-1-Y

5 Syl (23058 sFll b o)z sl
el 4l g slp Ay Sy G g (e
IS e beadasle Lol giluans mls g
aglie odly sniasle ol atd b bl
2l el skl sl b sl el eud
ol 4t gilodnd 6l Yo o) 51940 gla L
s ol 00 ol Y10 Lo sndazsle
Gl s oluly cds byl le el
30 Sl oals awlxe VN Jlo a8y g oud
oLl cds el 5l cds sl wly ol aslas
ol 00 oolil LIS cyy5 5 LS 5 coiiSudy
i L 5 S5 s dle gl [5Y]
Ut oyile whel 2 (V8) 5 (10) «(OF) Ly, 5

el 00 solazwl

oa=%h (F) ala,
iz N
K :M (10) alayl,
1-6,
l m
0, == B,k (%) akal,
N 1=1

ol 3 olieP, . IS s OA (3 Luls, o
wibio L3]S Sl olass M dbs e ke
‘_gﬁ)lf Sl ‘_g‘)..s Sl 6[&439.0.; Sl Ac goe N
Py ikt 3150, LS (oo K adhio 5|

osls -Y-Y
i A gV D Cewat) lolsale ol 5 LS
5 Yo NSY DAANONE ozt ol
s b ol ol sl oo o0licsl Y- 1O/ VY

PP

$0<A <DALi2...0n sy &by
polie acgeme 4 axgi b oidl oo (2?21/1,— =1
1=1,2,) ol coadge yo ail, ai2, ... ain ol
Gy, (OF) abyl, &gy OWA Slee o .. M
VA = Y bt
=1 Zk:l’lkUk
5 eadnSile IS JMasVAD) ((OY) akad,

Lzil >2zi2>- - >zin Jlg ol phl coadge

O Y)alsl,

CoxBae jo o leee ool o aibinl polae 0,5 iy
2 a5 Sl oKl 39Uy astiee Selsi gk
0ol Sye(Zy) ojlre 0ol Sy polie el
JAS 1, OWA e (38 5y ald o
saiicdyo molie LA o35 bLi,l Jels a5 oS
Lol pHl CoaBge jo (@il ail, ... ain) ,lae
el Caxdgo j0 ba)lae Hlade (8,50 4 A1 sl
5 Cadge lan )0 lajline 2555 lade (ego 43 42
phi Cosdae 50 ajlns Jlaie (082S wd,
Slade G oS cnl (53 4y p3Y gl o 0ol plaisl
4 09 4k s olpendy ol 09 S Ly P
Gy S el ls plail @y endcs e Cuxdse
Gl el wly o cull 4 Lge OWA
sloys Sl b bySles oS5l Gl S
50 el OWA g, yo [OA] cudldy conlis oo
slaghy, Jolb GIS » (e (oS5 slaghs,
5 (AND) STl wils g Sligeen 5 WLC
Shee s, [0V sgi e oslizul (OR) glox!
ke 1355 o0 e 'yl e 5l eslid | OWA
3o Ol Iy xS peal )3 S Gl )]
S co damsloe (V1) alay 51 ooliczasl by il ke
n-J

ORness = Y (—),
K=

1 O Y)alal,
“*n—

0<ORness<1

1 ORness


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

Jled syeghS VY- g ghaisle bye teskS
Y oga i ol gl el oals &8y ol 45 B0
Hl ol Soml ol slalye w5l e
90,0 cadaisle glalad azgr LB 5 nlS sals
loyes o 5l i a5 laeSa woog ] da
ohse b [P el axsls So5d s, ol
R S S b aner A, oS s
S 50 Slohg 5 Pl T iuz w3g ol en
3 AL Loes a5 09d o0 cdalie b ol (G358
3 @Bl pls cwl Sll 5 ands slacgsgame
Giedly malr Jodog slowy il slag Lo
e alraen g 4z LSS anwgs o bl ped anddS

S RS -3 7 L ' o Iy X C¥Y

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

ool ailoals gwais moral e VYl LS
5 i Ollee ) oolitul 0)50 s 5 b0l
sabad o Glare Wil Gkl ganail <85 b))
by oadays )bt sbasd 5 o) J58
YoNd 5 Yoo A0 lodlo ly bl (o)l

axflloo 90 08900 Y
5 Rl et 5l slesgame Jolit caddllas 3,50 ailaie
B g iSe $EEESE colie L ol dsg
SE0F0 Job 5 Jlus e F-FYIO0 F-FAAPD
UTM s sai i NYq a =L Sy FYYOR0
Ol Comez bl 5l (o bl el 8l o
A 50 e el () JKS) wllbee olhaisle
VO abold jo g 5l g5 4t 5 Ghussle ks Jolo

365300 N
~ ——t
1

-

36°0'0"N

B e o0 ailais

)
I

020 40 80 120

4046000 4048000

4044000

KM
ows1 2 3 4
Wl cooasle Tl 5w glad
sirstis <!

33 alyisle ol o3 Ll i Couxdgo (@) anlliae g0 dibaie ¥ S

(€) g olyoi3te oyl 5o andllan 090 adlain o Ll yio Cozdgo (D) oyl )

IPE


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

w2 R0 U el (oS0 jud i S g JSo sewgi

9l Ld 3020 (ohs30 ol il o pad oS Soo

b el Ll oal ools Hlas (V) S jo 5 oy
G o aib slaass LIS copo g A5 el

el 0l o0ls ul-A.MJ (\) Jj..\}

b g e -F
ol ppin irtish s 3] il |
Slib ass sl slbaise acgeme wlwly
YoN0 5 Yeo) D80 wladle wly o) S

4048000
4046000 4048000

4044000
= r =
'S

4044000 4046000

—-—— KM

PREPTEUW ]

G =

XD Yool NS oo bl gyl bbaiais ¥ JSCi

o dntd ()l 652, slaalddi 8o 2Ll s ) Jgux

Y40 Yoo ARYIYA

</aY </A

/4

LE oo

¥y N

)

el

G5l ey cnl g ogdle ol aslllas ,s lublis IS
L Se 2 5,80 sl Gl 38 e Ui,
Ll gl Ll crod 5 anl 00l anlind Lo lins
2 ogzge Sledlbl olad eod g Glpe (0
&5) )\) w‘ ol wl.?u LD)L.:.A )‘ nj) ).Q Lg‘).g
sk 4 2ol sladoe J> b (5 (et (e slo
OB % S el Sl 5 4 a9l ek g H5095>
5 2l oo 3l soliul [¥e] o4 0 plxl
o e paadte Gl ol sl eolaiul pae
039 O 5o a5 Coalad pae ol38l Con Wlg
oeed 4 [P 5 Y] Wil Jge slojbae 3l S5 o
PAS (S g (SRS (B39 shgy 90 Gl L o

1Po

slais (bl lopd Jlelis)l5 Sl el
S ol wasaile ol 5l ol Jels b le
b 5l alold s 35 0 5l alold (w glad Sl
Crzon g ol Sl 5l alols g ailsog) 5l alols (]
5 2w ol els legsgame  sleasds
GBS L YooY Jlo o eadaisle Lol wlsss,
slagyb g oot cblax> gblic (ol (39,8 )3 S92 50
Sy b pl Sepd by n &S BL ol
Wloas ools lis (F) JSK& & g0y g ol gd it
S 2 IS5 e el Al 4l sl 4
i elly eadasle ol 558 ) Lo loe |
tslos AHP 255355 b, 5 eolitasl b ololis IS
bl o coshd pae 36 el glp ol



http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

S0 Slelbl (59l (waigo — g Jy yole oy

H"‘i/\_jﬁeopg.woj.m’bopﬁmdhu

(3 Slagyyg el ond Ao (e g (6 il IS 2 09 NS Glie uend 5o Sapala
Ll boad dulme od -~ e g (e 5 FAL ol 10l5 (6 prncs anlp )0 Lol
ools (Las (B) JS& o calisee ba)lre (sl (5l 23 il Gy ol aalllae yo nlply oV
el o0y 2 Ay syl 5SS e Gl ((A) akly) e
oole 5o eadaiple LAl (s S
a b c
oo oo _m p———

4044000 4046000 4048000

§ —— KM
0 1 2 4 6 8

3530 31 aiold (C) G Lad L3yl 5 aliold (D) conivasislu (odlyl 51 abold (@) Jolis b ylueo (g4s goxo sLoaiits :F Jsi
a5l @ble Jold alisee glacssgume (Q) g oly a5 3l abold (F) g Ails-og; 31 alold (€) o @b 31 abiold () « oo

b (5519 5ot o0 iy y25 Aol 1 g suibiedilin Gblw (9T asbve g ailsog, S ,L wa

£

1Ps


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

e 0 b el S S i S0 0

9l Ld 3020 (ohs30 ol il o pad oS Soo

039
=
1

10

).

o0

se I
CR

IRV PrES W

ol 5 alols ofy aSid Jf alols 35 o jf aluld

-

K

ol 5l Aol ailsog, 5l alols T sl 31 Alold

e LS

Sl Sl b g0 slaslno (gl ool dline sla(yj9 42 bg2 po polie 10 S0

dwle o e o alees sble slp 29,50
Ol e gl K0 Oile a4 sl oad
O o b p Gl gbejlae (6,185,50
wlad 55 5 Ol 3l cadasle Lol 4 s
o_igw 30 dalize slo e lp D9z 50 Sledlb
Lg ‘&J’“"L"“" U"‘ » el ol oolanul uol.> uls.o QT
2 05 e sy e el 4 azy
U"‘ )i’La CJLJ Ll 00 Ml?m i, 6L{b)Lum
s Glp P sl S (61550 e oS ol
b S5 Gy (§ it g elts 4
GReo it (BladeS) SBe slacusdse ;o
oobie [0 Jlade SO s Lo e 4 s
oz Gl o Wl oo Jlone S (335 1 ailaie

D9 oadbaiSle ol )l gilwans (o
Ao ,0 addS Oldllas glacysgaow 51 Ko (S
o e o oolaiul gly el Aty ags
0397 (6 S el ;0 Sy 4z )0 40,5 bl pac

1PV

L bl &5 amee ol O)USE mb
5 oasarsle o) 5l alob slajloe Slulisls
alols sla)lao 5 00 VL o Sy ol ) a5l alold
Aok s 4 Ay, sl alols 5 T plie
sl Bl Saseh e I ol
Sledbol Hlad £45 5 e 4 az gy b as)lo 1) oas
gl 5l alols glajlxe calide slosline ;o 29250
5 Ot i 4 eadaisle L3l alol g
)l oadainle o) Sk g 1 il o pmeS
aibie glp sue 5 23 P05 Slashs, sl
) alols e o5 ol nl osmolis anllhe s )gn
ol i 5l alols Jlxa 5 o0Vl eabazsle Lol
) eadasle Lol S 5 6 08,80 (n S omly
35 b5 o o5 5l b ol aallis s s
5 Sl aialy s asile @ gl adjle e Ll
S ) 8 i G505 om 4 oS S5)lse
o sl Y] als Sonan pr 5p0 (2)lse @
S b p @S gl )lae ()5, ol

e ld wadaisle Lol 4 e JuSy 9 Ol


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

az 0 S gl i (Wlawie®) V)l a0 cll>
2 sl Jo ol b IPAL asl e (@l - )
Glyp il sl ool S, 4>y Soo
b bLs)l 5o (greSpeaal ;o dlgy Sy 4250 (s
a5y sileand slp S byl I8R50
Sl sy ol slaats bl ed oSl
poa olend aAllasr Sige 4 it S,
2 Jias glacolus i ple -0 Jlo unail
O 2l G5 Ol By, 4 azg b LIS
3)ly Jobw sblegs! Joo a5 Yoo B YAAD sl Lo
Sl YN0 Jlo (gl cadsasle ool ) anis g
oasaisle Lol sbbass I glages ool oa
ool aliBe Sy Sl o gl oads (g5luand
Doge & e g el (205 GFlEL g0
el 00l ools lis (7)) S

sl ool anss O (F) S8 g par gy
@it Sy Ol o Glp eud gileans ool
Ol 1y (oo g sl (230359 Sl g0 ol
Coluo o5 G flo yog oSS Judo @ KX
O i Glahy) 5 Sy Blie Sl o gy
Sy odd gilwans sabasle Lol colus 59
sbadl> sl wibe Sy ol 4
5 oadaisle Lol GG mie o Lo alise
b oo asdllas 50 adlais

slJoe oL oL Glp salise oldlas o
bl el aad gileas ol e
ailoads dunlie aSs L o8ly ¢ oo (giluans
a3 cpaand (slp 5w anlllae ol yo [VE g VO Y]
SLALE 51 S5 52 A )9 G B9y 9 S
ol and boead gileand cadasls Lol
2l el oals dnlio YN0 Jlo o28ly oodasle
Sl 55 oS wdy )5 S byl sl
(V) UKo & jg0 s 0 (g jlwdd cddaslo ool )

!l 00 00l ul.m.:

1PA

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

oolaiwl (+10) b S, a0 SO g WLC
as slp 50 ojle a4 VY g FY el sas
aisls ol by lotend (sl ol 4t
SSe 2 i s bylese e al)l g0 4y add oo
30 poogdle yol> adlllae o .l ods axgy o lao
bl dolre 515 50 55 9 ke lade il
ad)S 5l 0 (6 S meeal anl8 ) 5 Sy 4z o
Slgh glp Sy az 0 18,5 Sl o (gl el ouls
50 el oa colaiwl OWA  Jow 5l cenls aiss
sz sl 58 eal 0 Joe (ol 5l alndS Sladlae
IVE 5 £2 ol cool sas soliul ki o)lne
Gl el gloaii wallas 5,00 dibie (ol
5 V) 5 () Ly, wlol p caliee St Sl o
adgi (V) IS jo ol ooy las cegpie Joe
Gl oo odg cenls gloasds 5l sldiges .aslonds
O SFll 90 el oSS Sy Dl
odlo lis () JS& Sjge 4 (e g (5l (3

el 00
g Wlirdes (L Sl G cwls glaass ol
s OB o Sy Ol o () ailpw L5
wdd o plid o g (598 wwled Lasleas
sylne U )l bl plySen; ol oo
S slean S YL sla)lae polie) o>
s s e () wS wSh (b deSy)
S oslalne 2 S Shn; b ot GB8 S e
TROL () S o 35505 (5525 slalons olie)
5 (RdySn)) alndss Lo s (Koo ole o
Sl iy 4 (S Sy alow (LS
Sl cnlpl g o3 i g S Cusgace
5 oRlBl i a ]y el wb, awtes 3ble
s o (V) IS 50 o e 4 aims o oS
Bble wojye dlow b a4 cas alidys
Sladllas jo bl oo yibon el ald o cwlio
L coluse ol a5 cosl ool ools olis i andds

30 2B el SO glp g e T sl


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

ce o0 ol g 5Sojud U iS Ging JSo oewgs

9l Ld 3020 (ohs30 ol il o pad oS Soo

wl> o
S

Syl el Ay

-
1

-
0

YoAd Jlo (gl ooibaislos byl oaBly adis

",-.(

Gl 50 (gl o (6 5lwand cadaiBle Loyl AL I g ool ddg el Gladlds I laiges :F &

YV Jlw gl ondbasis b @b|)| @5‘3 Al g ‘:lz.o 9 Gyl P09 Syl 90 wlaw! 1 yamo S

P9


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

T el 5 el
T sl S e
T xe_eudaS adg edo

Tl bl o

T Gl pe_ondiS gl B
s E P VR U1

T eses P
T e bl o

L
>
LY o o

29 00 (g ilwdnd cadaisl (L5l (510 LU o pb g (S 5 0isS adgi )5 s (23l sl el gl Y IS
ciliseo WYl

Slyp Al Gladoe (eStE adbce euw]
30 el ool &1l o gy (G5B S (gleand
adlhie wlie ;o LSS ade G 5l ansds Slellas
el asB g sl Fge sl (5 Olere @
G ,50 A el S5 BB el sad eolaiul
azg5 b dilaie el sloodgame 1o Sge (sla il )l
2l sl has sl (Slews Lull @
2 6,5l e dwle gl alidS Olalllas
Sl ls b plassie 5 & LS bjles
[ )L:.:.o R 40 d9>ge SleMs| ua}Lu.J‘ » Lg)LoT
s oy o Ko bl 5l (S cl oa
sl el oS 5 0gou ¢ st sl o jo el
Sl 5l So e 0 ibee K0 L g
Sl G pedl anl 0 Sy parde BN
(poh ol 5o el sais bld el asa o Jy
s S (G5lwodly slp oz (espde Joo S
Sen) 4250 Sl 2 fed (Sad (5SSt
Joe pled dzg .l oals &1l (6,8 puenal {0 Ao

Hlalele b Jow Ko b sadasl)|

1o

5o aslllas 5,90 aghie gl a5 w20 o las mls
Sl g (oo 51l b bslns (59 (s <>
At Sy Sy i 5 4y oV g o)V syl polie
Bl el Al Wy e G S el O
039 oS Py Gl 58S ke (izres
ey 4 bt Sy Ol 0 gl g (e
FYL GhlS eaumoplis a5 wibie AFA 5 AVE
o G295y () 5o 0alal)] (oo 035 Gt 9
ol Al 0 sl gymlie B39 e )
059 O b )l Az e adl o e il e
CE Ay S 4,0 )0 (iomed bl (e
e i a e s Gl O35 e Gy Sl S
ASb e AT 5 AGO

G di =0

S Comexr Gl Gite S lnege Sl (S
Sogd b yeS wml 9409, o1 L gl 059l
B shie sarme S Sl a0 5 o
23, S5 sl 6osre 5 S et ]
Ol e e Gy SIS palS g 0l (G5
lp sl (Seid (7S 335 ileand oy


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

B9l Lb y 3020 woiusun puol «5lo jg jud 5025 Moo

pol> hagh 0 adbee el Al oy
) Sey Sl pd 4y iy (55065 el sloaiss
Jow 5leolatnl b (alaies Lo g abnay Lo
@yl S, 420 e ol onds aJss OWA
sk a4 0eh e e Djpo 4 adlate o
Olgse ) rolo Gimshy 5o oalddll)l segpbe Joo
iz (o) slag )5 Slds S sl
3 eanl Olllas jo 04l oo dlpiiay 0,5 colaiul
Oy dlxe sl s cus 200 st
g ol oolil ol (So5ed (LS Fge syl
@951 p S O3y om Obyy @B b ol @l
pas patde 03,5 Bl anwe; «53b slaae L
2l G5 cls leadd ays glp coalad

el dalgs 39294

[1] M. Batty, E. Besussi, and N. Chin, "Traffic,
urban growth and suburban sprawl," 2003.

[2] B. Bhatta, S. Saraswati, and D.
Bandyopadhyay, "Urban sprawl
measurement from remote sensing data,"
Applied geography, vol. 30, no. 4, pp. 731-
740, 2010.

[3] B. Mirbagheri and A. Alimohammadi,
"Improving urban cellular automata
performance by integrating global and
geographically weighted logistic regression
models," Transactions in GIS, vol. 21, no. 6,
pp. 1280-1297, 2017.

[4] K. Samir and W. Lutz, "The human core of
the shared socioeconomic pathways:
Population scenarios by age, sex and level
of education for all countries to 2100,"
Global Environmental Change, vol. 42, pp.
181-192, 2017.

[5] I. B. I. Malik and B. J. Dewancker,
"ldentification of Population Growth and
Distribution, Based on Urban Zone

11

O e Fes 9 (SRS (BO05s Ry B ()
colS Al ady Lz e gl lre (5,185 506

Solw sblogil Jow o colainl o,g0
lojlse (6,105 506 s (gl w0 R &l (Y
Joe ;0 eolatwl 050 ol 4l adgy s alizeo

Condy ool 55 (doe Sje0 4 (Jols SULegil
Lm‘;%w

P Cuz S el j0 Ay Sy (s (Y

Gl)o )0 Gpd hiS Gt AL 4

(S 9 (S (BO0)s Pey 90 L L (IS sk 4
Se 2 038 SIS U Gl et 50 Coelad pus
Do LRl S eeeal wnlp 0 lajlae
Sy i @bl S Seeh ml Geizres
Slr Gl (230355 Ghoy 4 S (e (25059

&=l

Functions,” Sustainability, vol. 10, no. 4, p.
930, 2018.

[6] K. L. Findell et al., "The impact of
anthropogenic land use and land cover
change on regional climate extremes,”
Nature communications, vol. 8, no. 1, p.
989, 2017.

[7]1 Y. Feng and X. Tong, "Dynamic land use
change simulation using cellular automata
with  spatially nonstationary transition
rules,"” GlScience & Remote Sensing, pp. 1-
21, 2018.

[8] H. Zhang, Y. Zeng, L. Bian, and X. Yu,
"Modelling urban expansion using a multi
agent-based model in the city of Changsha,"
Journal of Geographical Sciences, vol. 20,
no. 4, pp. 540-556, 2010.

[9] R. White, 1. Uljee, and G. Engelen,
"Integrated modelling of population,
employment and land-use change with a
multiple activity-based variable grid cellular
automaton,” International  Journal  of


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

Geographical Information Science, vol. 26,
no. 7, pp. 1251-1280, 2012.

[10]R. Rafiee, A. S. Mahiny, N. Khorasani, A. A.
Darvishsefat, and A. Danekar, "Simulating
urban growth in Mashad City, Iran through
the SLEUTH model (UGM)," Cities, vol. 26,
no. 1, pp. 19-26, 2009.

[11]X. Liu, L. Ma, X. Li, B. Ai, S. Li, and Z. He,
"Simulating urban growth by integrating
landscape expansion index (LEI) and
cellular automata,” International Journal of
Geographical Information Science, vol. 28,
no. 1, pp. 148-163, 2014.

[12]E. A. Silva and K. C. Clarke, "Calibration of
the SLEUTH urban growth model for Lisbon
and  Porto, Portugal,”  Computers,
environment and urban systems, vol. 26, no.
6, pp. 525-552, 2002.

[13]L. Hua, L. Tang, S. Cui, and K. Yin,
"Simulating urban growth using the Sleuth
Model in a coastal peri-urban district in
China," Sustainability, vol. 6, no. 6, pp.
3899-3914, 2014.

[14]M. Wolff, D. Haase, and A. Haase,
"Compact or spread? A quantitative spatial
model of urban areas in Europe since 1990,"
PloS one, vol. 13, no. 2, p. 0192326, 2018.

[15]A. Mustafa, A. Heppenstall, H. Omrani, 1.
Saadi, M. Cools, and J. Teller, "Modelling
built-up expansion and densification with
multinomial logistic regression, cellular
automata  and  genetic  algorithm,”
Computers, Environment and Urban
Systems, vol. 67, pp. 147-156, 2018.

[16]B. C. Pijanowski, D. G. Brown, B. A.
Shellito, and G. A. Manik, "Using neural
networks and GIS to forecast land use
changes: a land transformation model,"
Computers, environment and urban systems,
vol. 26, no. 6, pp. 553-575, 2002.

[17]1. Benenson, "Multi-agent simulations of
residential  dynamics in the city,"
Computers, Environment and Urban
Systems, vol. 22, no. 1, pp. 25-42, 1998.

[18]J. J. Arsanjani, M. Helbich, and E. de

PP

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

Noronha Vaz, "Spatiotemporal simulation of
urban growth patterns using agent-based
modeling: The case of Tehran," Cities, vol.
32, pp. 33-42, 2013.

[19]J. Cheng and I|. Masser, "Urban growth
pattern modeling: a case study of Wuhan
city, PR China," Landscape and urban
planning, vol. 62, no. 4, pp. 199-217, 2003.

[20]X. Yang, X.-Q. Zheng, and L.-N. Lv, "A
spatiotemporal model of land use change
based on ant colony optimization, Markov
chain and cellular automata," Ecological
Modelling, vol. 233, pp. 11-19, 2012.

[21]M. M. Aburas, Y. M. Ho, M. F. Ramli, and
Z. H. Ash’aari, "Improving the capability of
an integrated CA-Markov model to simulate
spatio-temporal urban growth trends using
an analytical hierarchy process and
frequency ratio," International Journal of
Applied Earth Observation and
Geoinformation, vol. 59, pp. 65-78, 2017.

[22]M. Jafari, H. Majedi, S. M. Monavari, A. A.
Alesheikh, and M. K. Zarkesh, "Dynamic
simulation of urban expansion through a
CA-Markov model Case study: Hyrcanian
region, Gilan, Iran," European Journal of
Remote Sensing, vol. 49, no. 1, pp. 513-529,
2016.

[23]W. Gong, L. Yuan, W. Fan, and P. Stott,
"Analysis and simulation of land use spatial
pattern in Harbin prefecture based on
trajectories and cellular automata—Markov
modelling," International Journal of Applied
Earth Observation and Geoinformation, vol.
34, pp. 207-216, 2015.

[24]K. Rajitha, C. Mukherjee, R. Vinu
Chandran, and M. Prakash Mohan, "Land-
cover change dynamics and coastal
aquaculture development: a case study in
the East Godavari delta, Andhra Pradesh,
India using multi-temporal satellite data,"
International Journal of Remote Sensing,
vol. 31, no. 16, pp. 4423-4442, 2010.

[25]R. G. Pontius, "Quantification error versus
location error in comparison of categorical
maps,” Photogrammetric engineering and


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

B9l Lb y 3020 woiusun puol «5lo jg jud 5025 Moo

remote sensing, vol. 66, no. 8, pp. 1011-
1016, 2000.

[26]T. Munshi, M. Zuidgeest, M. Brussel, and M.
van Maarseveen, "Logistic regression and
cellular automata-based modelling of retail,
commercial and residential development in
the city of Ahmedabad, India," Cities, vol.
39, pp. 68-86, 2014.

[27]1S. Berberoglu, A. Akin, and K. C. Clarke,
"Cellular automata modeling approaches to
forecast urban growth for adana, Turkey: A
comparative approach,"” Landscape and
Urban Planning, vol. 153, pp. 11-27, 2016.

[28]F. Fan, Y. Wang, and Z. Wang, "Temporal
and spatial change detecting (1998-2003)
and predicting of land use and land cover in
Core corridor of Pearl River Delta (China)
by wusing TM and ETM+ images,"
Environmental Monitoring and Assessment,
vol. 137, no. 1, pp. 127-147, 2008.

[29]M. Batty, Y. Xie, and Z. Sun, "Modeling
urban dynamics through GIS-based cellular
automata," Computers, environment and
urban systems, vol. 23, no. 3, pp. 205-233,
1999.

[30]X. Fu, X. Wang, and Y. J. Yang, "Deriving
suitability factors for CA-Markov land use
simulation model based on local historical
data," Journal of environmental
management, vol. 206, pp. 10-19, 2018.

[31]Q. Guan, L. Wang, and K. C. Clarke, "An
artificial-neural-network-based, constrained
CA model for simulating urban growth,"
Cartography and Geographic Information
Science, vol. 32, no. 4, pp. 369-380, 2005.

[32]Y. Lee and H. Chang, "The simulation of
land use change by using CA-Markov
model: A case study of Tainan City,
Taiwan," in Geoinformatics, 2011 19th
International Conference on, 2011, pp. 1-4:
IEEE.

[33]S. Shekhar, "Suitable land assessment for
urban expansion around Shimla, Himachal
Pradesh (India)-MCE approach,” Journal
of Geomatics, vol. 11, no. 1, 2017.

I

[34]C. Kara and N. Akgcit, "Using GIS for
Developing Sustainable Urban Growth Case
Kyrenia  Region,”  ISPRS-International
Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences,
pp. 263-268, 2018.

[35]M. Jelokhani-Niaraki and J. Malczewski, "A
group multicriteria spatial decision support
system for parking site selection problem: A
case study,” Land Use Policy, vol. 42, pp.
492-508, 2015.

[36]J. Malczewski and C. Rinner, Multicriteria
decision analysis in geographic information
science. Springer, 2015.

[37]1B. Feizizadeh, M. S. Roodposhti, P.
Jankowski, and T. Blaschke, "A GIS-based
extended fuzzy multi-criteria evaluation for
landslide susceptibility mapping,”
Computers & geosciences, vol. 73, pp. 208-
221, 2014.

[38]J. Eastman, "Multi-criteria evaluation and
GIS," Geographical information systems,
vol. 1, no. 1, pp. 493-502, 1999.

[39]H. Bharath, M. Chandan, S. Vinay, and T.
Ramachandra, "Modelling urban dynamics
in rapidly urbanising Indian cities,” The
Egyptian Journal of Remote Sensing and
Space Science, 2017.

[40]W.-M. Wey and K.-Y. Wu, "Using ANP
priorities with goal programming in
resource allocation in transportation,”
Mathematical and computer modelling, vol.
46, no. 7-8, pp. 985-1000, 2007.

[41]S. J. Carver, “Integrating multi-criteria
evaluation with geographical information
systems,"”  International  Journal  of
Geographical Information System, vol. 5,
no. 3, pp. 321-339, 1991.

[42]W.-D. Wang, J. Guo, L.-G. Fang, and X.-S.
Chang, "A subjective and objective
integrated weighting method for landslides
susceptibility mapping based on GIS,"
Environmental Earth Sciences, vol. 65, no.
6, pp. 1705-1714, 2012.

[43]T.-C. Wang and H.-D. Lee, "Developing a


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

fuzzy TOPSIS approach based on subjective
weights and objective weights,” Expert
systems with applications, vol. 36, no. 5, pp.
8980-8985, 20009.

[44]M. Alemi-Ardakani, A. S. Milani, S.
Yannacopoulos, and G. Shokouhi, "On the
effect of subjective, objective and
combinative weighting in multiple criteria
decision making: A case study on impact
optimization of composites,”" Expert Systems
with Applications, vol. 46, pp. 426-438,
2016.

[45]S. E. Bodily, Modern decision making: a
guide to modelling with decision support
systems. McGraw-Hill, 1985.

[46]M. Kiavarz and M. Jelokhani-Niaraki,
"Geothermal prospectivity mapping using
GlS-based Ordered Weighted Averaging
approach: A case study in Japan's Akita and
Iwate provinces,"” Geothermics, vol. 70, pp.
295-304, 2017.

[47]J. Malczewski,  "Ordered  weighted
averaging with fuzzy quantifiers: GIS-based
multicriteria  evaluation for land-use
suitability analysis,” International journal of
applied earth observation and
geoinformation, vol. 8, no. 4, pp. 270-277,
2006.

[48]M. Kiavarz and M. Jelokhani-Niaraki,
"Geothermal prospectivity mapping using
GlS-based Ordered Weighted Averaging
approach: A case study in Japan’s Akita and
Iwate provinces," Geothermics, vol. 70, pp.
295-304, 2017.

[49]T. Cooley et al., "FLAASH, a MODTRAN4-
based atmospheric correction algorithm, its
application and validation," in Geoscience
and Remote Sensing Symposium, 2002.
IGARSS'02. 2002 IEEE International, 2002,
vol. 3, pp. 1414-1418: |IEEE.

[50]J. R. Otukei and T. Blaschke, "Land cover
change assessment using decision trees,
support vector machines and maximum
likelihood classification algorithms,"
International Journal of Applied Earth
Observation and Geoinformation, vol. 12,

1P

S0 Slelbl (59l (waigo — g Jy yole oy

1A b @ pgaw o jlosh @ mids Jlw

pp. S27-S31, 2010.

[61]M. Rashmi and N. Lele, "Spatial modeling
and validation of forest cover change in
Kanakapura region using GEOMOD,"
Journal of the Indian Society of Remote
Sensing, vol. 38, no. 1, pp. 45-54, 2010.

[52]Y. Liu and S. R. Phinn, "Modelling urban
development  with  cellular  automata
incorporating fuzzy-set approaches,"
Computers, Environment and Urban
Systems, vol. 27, no. 6, pp. 637-658, 2003.

[53]J. Jiao and L. Boerboom, "Transition rule
elicitation methods for wurban cellular
automata models," Innovations in Desigh &
Decision Support Systems in Architecture
and Urban Planning, pp. 53-68, 2006.

[54]T. L. Satty, "The analytical hierarchy
process: planning, priority setting, resource
allocation,”” RWS publication, Pittsburg,
1980.

[55]G.-L. Li and Q. Fu, "Grey relational
analysis model based on weighted entropy
and its application,” in  Wireless
Communications, Networking and Mobile
Computing, 2007. WiCom 2007.
International Conference on, 2007, pp.
5500-5503: IEEE.

[56]C. Shannon and W. Weaver, "The math
theory of communica,” theUniversity of
Illinois Press, Urbana, 1947.

[57]J. Eastman, "Idrisi for Windows, Version
2.0: Tutorial Exercises, Graduate School of
Geography—Clark University, Worcester,
MA," Google Scholar, 1997.

[58]R. R. Yager, "On ordered weighted
averaging aggregation  operators in
multicriteria decisionmaking," IEEE
Transactions on systems, Man, and
Cybernetics, vol. 18, no. 1, pp. 183-190,
1988.

[59]H. Jiang and J. R. Eastman, "Application of
fuzzy measures in multi-criteria evaluation
in  GIS,” International Journal  of
Geographical Information Science, vol. 14,
no. 2, pp. 173-184, 2000.


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

B9l Lb y 3020 woiusun puol «5lo jg jud 5025 Moo

[60]J. Malczewski, "GIS-based land-use
suitability analysis: a critical overview,"
Progress in planning, vol. 62, no. 1, pp. 3-
65, 2004.

[61]J. Malczewski and C. Rinner, "Exploring
multicriteria decision strategies in GIS with
linguistic quantifiers: A case study of
residential quality evaluation," Journal of
Geographical Systems, vol. 7, no. 2, pp. 249-
268, 2005.

[62]P. Couto, "Assessing the accuracy of spatial
simulation models,” Ecological Modelling,
vol. 167, no. 1-2, pp. 181-198, 2003.

[63]M. K. Firozjaei, M. Kiavarz, S. K.
Alavipanah, T. Lakes, and S. Qureshi,
"Monitoring and forecasting heat island
intensity through multi-temporal image
analysis and cellular automata-Markov
chain modelling: A case of Babol city, Iran,"
Ecological Indicators, vol. 91, pp. 155-170,
2018.

[64]S. Panah, M. K. Mogaddam, and M. K.
Firozjaei, "MONITORING
SPATIOTEMPORAL CHANGES OF HEAT
ISLAND IN BABOL CITY DUE TO LAND
USE CHANGES," International Archives of
the Photogrammetry, Remote Sensing &
Spatial Information Sciences, vol. 42, 2017.

[65]]. A. Chandio, A. N. B. Matori, K. B.
WanYusof, M. A. H. Talpur, A.-L. Balogun,
and D. U. Lawal, "GIS-based analytic
hierarchy process as a multicriteria decision
analysis instrument: a review," Arabian
Journal of Geosciences, vol. 6, no. 8, pp.
3059-3066, 2013.

[66]R. B. Thapa and Y. Murayama, "Drivers of
urban growth in the Kathmandu valley,
Nepal: Examining the efficacy of the
analytic  hierarchy process,”  Applied
Geography, vol. 30, no. 1, pp. 70-83, 2010.

[67]S. Ahmad and R. M. Tahar, "Selection of
renewable energy sources for sustainable
development of electricity generation system
using analytic hierarchy process: A case of
Malaysia," Renewable energy, vol. 63, pp.
458-466, 2014,

1Mo

[68]0. S. Vaidya and S. Kumar, "Analytic
hierarchy process: An overview of
applications,”  European  Journal  of
operational research, vol. 169, no. 1, pp. 1-
29, 2006.

[69]W. Chen and X. Hao, "An optimal
combination weights method considering
both subjective and objective weight
information in power quality evaluation,” in
Advanced Electrical and Electronics
Engineering: Springer, 2011, pp. 97-105.

[70]M. Sahoo, S. Sahoo, A. Dhar, and B.
Pradhan, "Effectiveness evaluation of
objective and subjective weighting methods
for aquifer vulnerability assessment in urban
context," Journal of Hydrology, vol. 541, pp.
1303-1315, 2016.

[71]W. Plata-Rocha, M. Gémez-Delgado, and J.
Bosque-Sendra, "Simulating urban growth
scenarios using GIS and multicriteria
analysis techniques: a case study of the
Madrid region, Spain,” Environment and
Planning B: Planning and Design, vol. 38,
no. 6, pp. 1012-1031, 2011.

[72]Q. Zhang, Y. Ban, J. Liu, and Y. Hu,
"Simulation and analysis of urban growth
scenarios for the Greater Shanghai Area,
China," Computers, Environment and Urban
Systems, vol. 35, no. 2, pp. 126-139, 2011.

[73]W. R. Tobler, "Geographical filters and
their inverses,” Geographical Analysis, vol.
1, no. 3, pp. 234-253, 1969.

[74]J. Malczewski and X. Liu, "Local ordered
weighted averaging in GIS-based
multicriteria analysis,” Annals of GIS, vol.
20, no. 2, pp. 117-129, 2014.

[75]R. G. Pontius Jr, D. Huffaker, and K.
Denman, "Useful techniques of validation
for spatially explicit land-change models,"
Ecological Modelling, vol. 179, no. 4, pp.
445-461, 2004.

[76]Y. Feng and X. Tong, "Using exploratory
regression to identify optimal driving factors
for cellular automaton modeling of land use
change,” Environmental monitoring and
assessment, vol. 189, no. 10, p. 515, 2017.


http://dx.doi.org/10.29252/jgit.7.3.115
https://jgit.kntu.ac.ir/article-1-745-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.115]

Journal of Geospatial Information Technology

Vol.7, No.3, Autumn 2019

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Developing a model for simulating urban expansion based on the
concept of decision risk: A case study in Babol city

Mohammad Karimi Firozjaei, Amir Sedighi!, Mohammadreza Jelokhani-Niaraki?*

1- Ph.D Student in Department of Remote Sensing and GIS, Faculty of Geography, University of Tehran
2- Associate professor in Department of Remote Sensing and GIS, Faculty of Geography, University of Tehran

Abstract

Today, the study of the spatial-temporal pattern of urban physical expansion and the identification of the
parameters affecting the expansion play a crucial role in urban-related decision-making and long-term planning
processes. Consequently, the use of precise and efficient methods to predict the physical expansion of urban
areas is of great importance. The objective of present study is to provide a new conceptual model for
implementing a simulation model for predicting physical expansion of urban areas based on the degree of risk
in multi-criteria spatial decision making. This model has been implemented to predict the physical expansion of
Babol city. In the proposed model, the combination of subjective and objective weighting methods has been used
globally and locally on the basis of neighboring states to determine the relative importance of mentioned criteria
and the Markov model is used for generating the transition rules. In addition to the two parameters of the criteria
and the weight of each criterion, the risk-factor parameter is also considered for the mapping of the physical
expansion of the city. In order to determine the degree of risk and the optimal weighting method, each of
simulated built-up area maps was compared with a real built-up area map. The results obtained for the study
area show that the optimum ORness values in local and global strategies for generating suitability map are 0.3
and 0.7, respectively. Moreover, the average overall accuracy for the local and global weighting methods at
different levels of risk is 87.6 and 86.8, respectively. This means that the local weighting method is more accurate

than the global method for generating the suitability map.
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