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Objective: Landslides are one of the most important environmental hazards that cause a lot of
financial and personal losses, and by identifying areas at risk, this phenomenon can be prevented as
much as possible. Aliabad Katul County, due to its specific climatic, physiographic, geological, and
human conditions, has always been at risk of landslides. Therefore, the purpose of this study is to
identify landslide-prone areas in this county. In this regard.

Method: by reviewing the research background, using field studies, and examining the conditions
in the region, first, the factors of altitude, slope, slope direction, geology, distance from the fault,
distance from the river, distance from communication routes, land use, and precipitation were
identified as variables affecting the occurrence of landslides. Finally, the landslide susceptibility
map was extracted using the Marcus multi-criteria decision-making method.

Results: According to the results, respectively; The factors of slope, land use, and precipitation with
weight coefficients of 0.153, 0.142, and 0.138 were assigned the most importance in the occurrence
of landslides in Aliabad Katul County. According to the zoning map, 151.902 and 253.622 square
kilometers of the county area are in the very high and high-risk categories, respectively, and these
zones should be given priority in terms of management work and implementation of protection
projects. Also, considering the use of the rock curve method, the accuracy of the Marcos method in
identifying areas prone to landslide risk in Aliabad Katul County with a sub-curve area of (0.89) is
very good.

Conclusion: The landslide hazard zonation map of Aliabad Katul County shows that a
significant portion of its area (approximately 414 square kilometers) is in high-risk and
very high-risk classes, requiring immediate prioritization for management and protective
measures.

1. Introduction

hazards, the occurrence of which not only causes

A landslide, as a type of slope movement, refers to
the downward movement of a mass of rock, debris,
and soil on a slope under the influence of gravity.
The formation of landslide risk depends on
multiple factors, including slope, geology, tectonic
activity, earthquakes, weathering, climatic
conditions, hydrological conditions, vegetation
cover, land use type, and human factors. Landslides
are one of the most important environmental

huge losses to human society and economic
development but also poses a serious threat to the
environment. Today, considering the destructive
effects of landslides, it is necessary to investigate
the effective factors and identify areas prone to this
hazard wusing zoning techniques to achieve
solutions to control this phenomenon and select the
most appropriate and practical management option.
Aliabad Katul County, located in Golestan
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Province, has always been at risk of landslides due
to its specific climatic, physiographic, geological,
and human conditions. Because no study has been
conducted to date to zone Aliabad Katul County in
terms of landslide risk, and considering that
landslides are among the hazards that have multiple
options and criteria, and the study of this hazard
using multi-criteria decision-making methods has
received much attention from researchers today, in
the present study, the zoning of Aliabad Katul
County against landslide risk has been considered
using the new Marcos multi-criteria algorithm.

2. Methodology

The present study, considering the nature of the
problem and the subject under study, is of a
research-applied type, and its research method is an
analysis based on the integration of data analysis,
geographic information systems, and the use of
multi-criteria  analysis  techniques. ENVI,
Ecognition, ArcGIS, Idrisi, and Excel software
were used for image processing and data analysis.
Considering that landslides occur under the
influence of several factors, identifying the factors
effective in the occurrence of landslides is of great
importance. First, after reviewing similar scientific
research in the field of the subject, conducting field
observations, and considering the natural and
human conditions of the region, 9 factors of DEM,
slope, aspect, geology, distance from the fault, land
use, precipitation, distance from communication
road, and distance from the river were identified as
effective factors in creating landslide risk in
Aliabad Katul County. In the next stage,
information layers related to each factor were
prepared in the geographic information system
environment. The weighting of the factors studied
was done according to the CRITIC method, and the
final analysis was done using the MARCOS multi-
criteria method. After preparing the landslide
susceptibility map, the accuracy of the models was
examined using the ROC curve.

3. Results

According to the landslide hazard zoning map,
170.612 square kilometers of the county have a
very low potential, 262.922 square kilometers have
a low potential, and 277.032 square kilometers
have a medium potential. The high-risk and very
high-risk classes cover 253.622 square kilometers
and 151.902 square kilometers of the county area,
respectively. Matching the distribution of landslide
points and areas at risk based on the zoning map
obtained from the study indicates that the largest
number and percentage of landslide surfaces are
located in the two very high-risk (30.43 percent of
landslide points) and high-risk (63.89 percent of
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landslide points) classes. In addition, the medium-
risk class also includes 19.57 percent of the
landslide areas of the county, and in the two low-
risk and very low-risk classes, the distribution of
landslide points is not observed. In addition, the
results of this study showed that slope, land use,
and precipitation factors with weight coefficients
of 0.153, 0.142, and 0.138 are the most important
factors affecting the occurrence of instability in
Aliabad-Katul County. Also, considering the use of
the Rock Curve method, the accuracy of the
Marcus method in identifying areas prone to
landslide risk in Aliabad-Katul County with an area
under the curve (0.89) is very good.

4. Discussion

The results of this study indicate the high potential
of this county in terms of the possibility of
landslides. In general, in high-risk and very high-
risk areas, the spatial distribution of factors is such
that it provides suitable conditions for landslides to
occur, which include the dominance of slopes with
medium to steep slopes (15 to 80), altitudes of 1000
to 3000 meters, abundant rainfall, diverse land uses
(forest  cover, pastures, agricultural and
residential), trenching and destruction of the slopes
following road construction and development
activities, susceptible geological formations
(alternation of limestone, marl, shale and sandstone
layers), undercutting of the slope support by
flowing water, fault structures and slope direction
(especially; north, west, east, southeast and
northwest directions).

5. Conclusion

Finally, it should be noted that given the large area
of landslide-prone areas in Aliabad Katul County,
expert protection, watershed management, and
management measures should be taken. It can also
be acknowledged that the results of this research
have a practical aspect and can be used as a more
powerful tool for risk management and reducing
losses and casualties from the environmental
hazard of landslides by stakeholders and
organizations such as the Crisis Management
Organization, the General Directorate of Natural
Resources and Watershed Management, the
General Directorate of Roads and Urban
Development, the Regional Water Organization,
and other organizations related to environmental
hazard issues.

Author Contributions

In the preparation and writing of this article, all
author has contributed equally and jointly. All
stages of the research, from study design and data
collection to analysis of results and final writing of



Journal of Geographical Studies of Mountainous Areas, Volume 6, Issue 23, (2025), 133-152.

the article, are the result of collaboration and
collective agreement of all authors.

Data Availability Statement
Data available on request from the authors.

Acknowledgments

This article is an extract from a research project
funded by the Vice Chancellor for Research and
Technology of the University of Mohaghegh
Ardabili. Therefore, we express our gratitude and
appreciation.

Yo

Asghari Saraskanroud & Piroozi

Ethical Considerations

All authors affirm that this research was conducted
in accordance with ethical standards, with no data
fabrication, falsification, or plagiarism.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflict of Interest
The author declares no conflict of interes



JYFN0Y AFF b oYY 2b) Pow o kol cauinds Sl

@M,f é.bl&o Ggl:é!f':q- Ol o
http://www.gsma.lu.ac.ir

VAV-YPYD 1 S U1 gble

Joi ST s sl pgu 38 i3RI oy sl Jawilly (suisdigy

39 I 29 Sl paw g 0! oo

S.asghari@uma.ac.ir:asblly . olul  Judyl ¢ oyl 3ame olfisly ¢ eloin! pole 2aSuild ¢ ands (sLdlyin 095 ¢ Jghume 0diun g .

e.pirouzi@uma.ac.ir:asbbly . olyl ¢ Jod)l ¢ lod)l Bise ol&iils ¢ clain] pole 0uSily ¢ aubs (sLdlyin 05,5 .Y

Wl SleAb!

oS>

3

Wlo g4

J:AJJL‘L 4lae

Wl 4 )6
o 8Ly

A vARFAS4
e &6
VEF/0F/0N
LS
VECF/OF/YY

2 LS g 46

MM FRRVAY4

Sl O3l
“5‘“‘} CSJ.’- Aa}o\&u

sl sl u}i\jljé5:Laﬁ1)@u5la\)\.m>'th}§j4§ML!@db,_;m&\}l&u@jr«.aﬂjﬂwj:du\h
IS T e Ol g 587 (6,8 sl oy ol 555 31 (S o 03 Ol 5 oo a5 pl (s pme 53 Gble Lot L
el 03y B e s 0 ra s o gms ¢ Sludl 5 (ol o B S 53 2T ol Bl b w5 L
Aol o Ol gl opl cl:.w); SR s dntes Sadigy Leld s opl 5l Cda i

(ot gl Jol g ol calaie 53 52 gn Jayl 5 gy (S Dlalllae Sleslina | hagl Ak 50 b1 9
Olgsa 55k 5 oo 1)) 6,8 ¢ (bLo,l gloely 5l aho b cailsn gy 3l koo b Juud 51 Al b ¢ g b oo el g
6;(,,._.4;u:j,;\umtpuz}uw;wu,m;ﬁ@ﬁ.m@uuf}uw;&,;,ﬁ)tf,;tdu,g;a
3 8 gl el oSl b lnair

VYA 5 IVEY CABY G55 b b ok 5 (Sl S cond else e i sl b 4 a5 L b
e 4 g L 4 5 L inls polaml s o 4 e sSTsUT e Ol g 258 e 85 03 1) ol (2 2
N atigy ol el 4 3505 13 ety 5 st ol dis )3 (Ol g Sl S e 0 kST YOY/PYY 5 101/40Y
G533 GS o h a5 L romen S 15 e 5y sl 5 Blis slaels sl 5 e e, Bl
gl LS alT e Ol g 53 50y St ¢85 dates bl (Lol )3 S5le gy 285 (ST omia

o sbnatizr Jolowd Al 2 b (M) (i 5
Skl OT Cmlen 51 5 b5 i 4 s o 0L U557 5UT e Ol g 530 e st (sbiyiigy 5 1 o domaid

Sl gl (688 Gty ol dald &S syls 513 s Sl 5 b Sl s (cjﬁ o slS FVF 5 u)

el gBla g e

Asghari Saraskanroud et al., 2022: 134; ) s,l> & 3o PPRVINR

£5 ESS Ol gt 4 A e (ANMadpour et al., 2024: 43
S g LlT (Kb 5 6K oS 4 lanls DS > )

5 SISl Dbl Sl ey gLl

Dbt P ) e S5 o 53 o Bl b

bl il i lelles J g8 SUT Jo Ol g 53 558 e et fenily (a0 FVF) U (65 m 3lao 05 5800w (6 el Sl

http//doi.org/ 10.22034/gsma.2025.2056101.1073 AOY-\YY (YY) & ¢ lows o5~

DOI: http//doi.org/ 10.22034/gsma.2025.2056101.1073

Ot 5 © Ol o&ils 1y


https://orcid.org/0000-0002-5015-904X
https://orcid.org/0000-0003-4363-1147
http://www.gsma.lu.ac.ir/

VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol
b Sbdie Sl s ek Ole H3 Gl das o
6},{(’?‘*‘5 L;L“gf:ﬁj Al wji.w.’ BL 45 Q‘J.labu
Sy b (Lol (gl Sy 53 03 28 5 5bas o lrei
b b Sl bl ot g o 53 0354 5 NS ST Jolse
Mahmoody-Vanolya et al., 2021: ) wlews «3 5 L8
Sl SR S Lk A shtea il ol 5s (397
osliial b (oob 5 sla gl ol das g5 b 50 Calies bl
& el by g apbaedir (6,8 panal Sl
Sy SV eslazal L (2020)Vojtekova & Vojtek ¢Jis Ol ge
S s A el G50l 4 ol ealid T3
Sl | gy canlllne gyl o 5 izt STkl | il
}M)@m ‘J 03 gl>we JS)‘ MJ)O\/Q GYL)L__M)YL
Madadi et .ol odss Glulis Jale o Foge Ol g & i
b 135S 5 Sl bylmai (sla g, eslizul L (2021) al
b g 53 A opes st g g8 Jlest syl Gbla olalis
1S oy il edeT Sy ml Gk 5 Lo, YO/YY 5IV/A
C)LE.J@ BENETEC Colus J‘ do )y YY/\A 9 q/+V ‘v:.'fjtb
Jes (022)Sharifi et al . sus @ly s 5 sy b
SIS o T3 3l oozl L 1 55 O e 53 25300
39 6,5 15 51 Sl iasn ool sleasl L5 S )
Wl gla 2o )3 odas  sbay sty (slaagy () o8 AL
ls )13 Ol el i dled 5 o s dles
a o5l ke o w0 T 3 5l eslizal Ly (2022) Kumar et al
Ao dlrlen S Akt 55 A e s ol pn
‘}| M)J ?/\ 4§ g;.w‘ a}‘.) Qu.u GUJUG.A cf_ta “‘L‘:‘"bj.’. W
u\.&bo.e JJ’J 6Yb J:‘“"ti st‘: u.':'wlhﬂ iju\z-.e GIC
&S o e b «(2022) Asghari Saraskanroud & Piroozi
50 b S 5 Sl sSSs Silmetir la b
L SlrssS adsm 53 Jsom) st a5 15055 Sl
S5 et (Shagn slaasl b 5 sls 15 anlllas s 5
g5 02 U Jeles piege U 4 SLIGE
Jol- Gl s 2 bl s lodd (S an cad o S5H e
Tl S 6oL Comlan (g 2550 S 554

Al ol 3ok ke g0l e Jleal L Db s 4

AR

5393 9 59 Pl s Sl
33 8 0 Sl w3l (65,5 ST o ¢l o atels g5,
Jolse & iR o s ¢, s (Singh et al., 2024:1)
A5 05 b (ol e i €0 gt (530
g5 PSS (St el Ll s (Sl
Caleca et al, ) sy Ko Slil Jolse 5 w8
& .(2024:2; Esfandyari Darabad et al., 2024: 105
bshs ¢G5S Ghle (( LUl slaely o 5 4 oy
105 Sl ime) 5 (AE A ¢ i (sloo sl (65 51 s
5 Rl e (S5 O ot 03508 5 L g odd i
3,03 dls 4 1) b cty 3 05 28 B SME s
Materazzi et al., 2021:2; Nanehkaran et al.,)
iyl £ el (2023:2; Abedini et al., 2022:58
LS 02 56855 o 03 et S csrb S el oS0
oPle s 4 Gl DU B3 51 i es ) (b il s
LW 5l Jols Gl Sl G s ys WY, ap 5 el 030>
Simetal, 2024: 1) 545 o Jolo Olgz ol o 5315 e
5 e Sl (Gl JS a5 b Ol a8
Slrly b Bl b odas o ol sine Ll 5 5 5L 5 (g5 )
Keshavarz et al., ) cul 1)l b 553 51 ey Cab sl
LT e Ol ga (2022: 273; Entezari et al., 2024: 36
Pl 4 ey b 0kdE Okl s bl JS
B 33 el ¢ Sl 5 (el 5 (IS 515 el 25T
Gl Al aer Soob 4 Tl o3 B s
JSE 52 sdisn e s 4 Ol g ol e 53 55
Ol gl elans 53 0315 5 (o o A e § 46303 31 6 2 sl ()
IR Iy - PORCROe\ Jy R PO RO PRPHECY I
055G Ol g ool GV Sl Jowily of50de & ré-‘
e Ll Gl Ok ed ol duag skt (slasllas
P S a5 QL0 el ot plonil S e
b Gl ok o303 HI3 gy 3550 Obw g cpl mbaw 3
Jlat shyls bl olulis bos bajlas 51 &S5 n 5T )y
crl Sy s S gl 3557 e A5 s i1 g s
s @l Slhes pshea o bl ol s Ok e
AL e DS 6l p3Y DLl el ol

S plil cpubin 1 gy o3lizl (5 500l 5 03 A



53958 9 93 ] s ol
A G gy A8 aslzel bl 5 Sl o3 5 4t
Ao b glaaig L osgdoes 55 05ls & S A ey 5l Aoy
Asghari Saraskanroud & Piroozi .4 ls cales YU
L s sl dos 5 o s (2024)
Asls 1 E gt 3yge AT Bskae i by 56,8 e
9 VAP ¢S ja oS ol ols Ol Jrags 51 Jol mb
S ks ol b 5 4s - Cals I s s YO/FY
Ly o & a5 L oSl 0L Ol 5 o Sulg 53 )1 13
o sbnndir (5,8 aal Slatey Sul 4 Ly ek
A5 53 Ll 435 13 01 S gs ar 5 3590 ke 05,4
S Al 03 I8 sl e O ed gluig B el
S ole Syl i o2y SIS eslizal b e
el 4 515 i

VEF 3l (VY o) o oot qd Jlu ¢ iliunrgS 3bolio 3 Udl i colallao

e w03 s, 5 6,80 L (2023) Saha et al
23 Sl s a5l sy o e Sl (ST eald
g:,w:.)AJcﬂLZJwLﬂ‘jjAJJ‘JJ\}GLi)‘JJ‘,AbuLA‘}JQJW
rbu‘ 9 ))‘.} )‘Jj JJQ-"Jf. LQLAA‘@J_’ BL) aalois )‘ Loy YV/IN? coJAT

M)@;L)M&)}ﬂ&d)}‘&iﬂu\ﬁ&b‘-\é‘
Silaedir gla is, 5l eslizal L (2023) Madadi & Piroozi
Ced W ad g 55 BA e s s S5 oSl
c% JALG codaT Cewdds @\b ‘}.L .u\.'.;’:'-‘:ﬂ: ‘gﬁ“\f. L
Ot 4 g SN e E 85 00 (S5 P s 5 Al s
coslizal 3550 Sla ta,y Sl ol s 5 Lsls |y Coanl
oA e C}BJ Ll 1 4o YL ously sasOlis
Fao e s Kb gy ol bl wsdles il
Tesfa & Sewn .asl e /A gomin ) Comlua b S 5l
S B diaia 3 e et dvag 4 (2024)
A 0 o ke o dT 5 5l eslatal b 658 0 g 58]
5 Sl 5ol Lol s 45 das oo OLES anlllan ool

23 SR el 6l (ol &S e Julgo Ll gla Il

s sl ias (Jo5 T e Ol yod mlaw 33 0310 &5 Sl b ¥ oo ) dig0d 31 (S polai ) S

cadlls 3) 50 ¢ 55 50 g ain Copbo g a5 L L1 gy

(sl OT Gl 25y 5 Sl (3,08 = a3 ¢ 5 )

VYA

G iy oY



VPP 5ol oMY L) pom led (i Sl ¢ Slinid o7 bl Wl g Ol S39 . 9 99 $lCul g s ol

s 3 gy o8 s 8 o8l ST 1 5 s ol 05 5 bl DBl gt daesls LT Gy oz

et el sl 4 B s gl dcnloes &) g0ty 15y S b e ol Lo 095 I eslizal
ds 5 Kt JTewsl G sllan a5 oY) 5 (1) Lasly,y bl ATC GIS gl )1 3lp 5 51 55 Wesls Jlows 50 325 5 2 sloas
355 n araloes Ly § K- JTo| el 0k ;S0 40 EXCEl 4 Idrisi
= S
Ki+ - Sai (\)
S.
Ki- =— (Y)
: Saai

5 e o plis g SI=(I=1,2,3,.m) (G5 Ly 993 3 00l b sivaig 4l dgi Jo1 g0 o) Y

AT oo owsay (1) alasly 5148 LBl o 515055 s Slo ' oo )b

— n .. > ) =
Si= 2javiy o 2ose sbaan S Jelse o oy 2l 53 6 !

'L‘:'L's" LQ““‘,’.; LS‘L‘u) 3 ;5'1"@" jﬁ““‘ u?.:*’;_("‘:"':" Z"l"f’ dlﬁj 33;‘55 w.:aS JTou\.l\ Lo 9 JTQ.LL‘ cr}.ﬁ (lf BE R |

23 L e byl Ao o ¢ 2ags opl 5 il e w S ke

kF+kr . Z " . .

flky) = 1_f(;(-_}-) ll—f(k._) (F) slalas 53 G356 S5 ab) G5B Lusle wb 4 4y
1+ ot L ) ) )

() o(kp) b mb) (Bl 5 5 et g et

3 LJTG.LL‘ M C_,:.ijllm bjgl.m& cf(k') ;-\.“ngé AL;‘) )J ‘_gb’.' CU) 9 (J)La 9 dgwﬂ QLLL 6\.&)\:&# )_3 6‘:‘1‘}‘
I A 8 sl JTotl e s Shos (k) 5 8 3 Ao (LUl ol S ol clajlne > 2alS

el ol 2 o 2335 (o8 s () 5 (0) Ll (35 Slaas oz 53 Dol 0k plonil (35 1 Akl

J"’)>ﬁ@¢@‘d~‘%“§)@fﬁ‘f(k)j‘°~“‘CwMe gz 0T 0V b v o Lade i b Lael 51 e a

S a5y 2> 5 T(K) i STy 516108 D e S oSl gl s o s gl

Abdullae et al., 2023: 6; Jafarzadeh) s Bhattacharyya)ubng}@y\L ss0lis i

{(Ghoushchi et al., 2023:4555 (& Mukherjee, 2021: 412: Badola et al., 2023: 3
_ kf . . =
flki) = e () bobae (G55 u b polie o 4 o e pB o
14 i
+y — ki 5 Jelse (23055 sskie e iag s ol 55 .l ol pld)
fki) vl Jo , .

Jlé} "u;j) U’i\ BE] el ol csmw‘vég::; L;"ﬁ)

03 o3l 3590 g5 ) Jol 26 (s A Sl A
oais gova S el ol 4 am g bbb lagh
wﬂ " \Auf:,}) JJ','.,L,:T)K 5 gtéf\)) w Jﬂa& 4.:..~l>r.a M‘ »J""lj""t" slaosls wJEang.}|fr.§‘j M” -

wlan Ll s el e B3 Arshad et al.2023: 78; Asghari) 555 .

el By opl Slealanal b e 25a ST, LG 4 a5

)‘}9‘(’]’ DL ROC )}:—NJ )‘ oslaiw! L: cl:.u\) (J’i\ BL el ol

sbkwly s (Saraskanroud & Piroozi, 2024: 76
Lo 5o bl S5 ST 005y Sl Slles 12
Ol 23l REGRESS ) s jleslizal b 5 o 53l 1 3lp 5
2 T Szt ¢ 3550 SaY Ole (St 5 5kus

5 Dol Ol e U5y il dpmlons 4 Cnd g Al o

B $35,5 Ve 4 Gluag glg B AN (o)l

S aY s AL a4 Ol sy 5 LB ST

'CRITIC (CRiteria Importance Through Intercriteria 'MARCOS (Measurement Alternatives and Ranking

. according to Compromise Solution
Correlation) g P )

*ROC (Receiver operating characteristic)

Yy ¥4



S35 999wl yw(S ol

(b et G208 (JuE 5 Aol (i e e
S50 Jolse Olsea hls g, 5l ol o b,y 5l alols
i (IS LT e Dl g 28 e st sl s

o el
Slab les 48 It S 9 i (£ S slre
os dotl ol )l o8y Je Sl oslial b Oliw g5 ol )|
(S WD S oy L) KT oKiils cule
gl A<l (ALOS 5,158l s PALSAR ssimin 4 b s o
¥ S Ok g oyl Db L5k 4 e gl b3S
¥V 5 WY cosgdous ol polie ST 5 fold> (4l
Ll wles IS oLT e Ok gl Sk S
why 4 oy Okl Okul s Bl ok ¢
e & Sl Jlk Sy Sk 5l clae S
4 015 or Ol g Glwn S Gble (o St Sl 5 2500
Lol oS e ¥t plingl b S oS Slelis|
bw ks o 8 e YPF plin,l b (guSe 8 e ¥IY plis|
o Lal (e ¥r Y s Cu:)\png‘;;Jfa;),umw D)
Ol s Cmlowe 51 s jo 20 ASTFOV/Fr ¢ JS7) by sl
FU s 3l F e Wb el Sk s
PR LAV TIR i PV PERES CRRR SRR PR
5 dms g by ) Ok gd a1 e skS YAV
03 gdomn Comlos 31 o a kST YV/YR 5 VAN (5 5
G T Ve g Y ol alie glyls
ey (o)l oy e 56, S e bl
oslizal L o 5 4 ATC MAP 5 b g 5 ot LoD
4 oo sl Bl 51l agsaspect sslope sl sz
Cols Gf,u,l; 74780 5 YAYP AP/ oS
Bl etos3 VoY 50V (0D (o b3 pdome 3 Ol g
fed A e ey Frfe oY F (S Ol Ll el
355 415 Ol g Somlows S o 0 shSYYU/FY 5YFY /05
3 e shS YIVE 5 YUFY o dhon ol o3l bz
3P A e b sk 53 G4 Ol gl 85 gdoee
Ll oa L (O K8 WLyl 5 Lo ys A —9/YY

VEF (YT L) pow oslacd et Jlos o limdreS’ Gblio o3l i olalllae

S s Biae Bp b oSl 88 Olge 4 edgious
Walg s i w8 ks Ve 55 (bl slaw) gkl
wib o SEMBT o &) sorts 65 daslons I ol 4
Ostsd polie & a5 g 5 0k G5 JuST 5o
<) False positive s (¢ s <is) True positive
(e ol 53 a S Bl e 5 4 S (el
Comln S1Cl) 51/0 ot el il Lo
Jds 05 5 3.:\.43 odasolis AL /0L Ll S )
ry et e BL Y Ll ke ol ST
gl S1iss 6l i pe 5 5 g o Nl 5 o
O Jde Olge Cod e (b ALV o gie
Jbe 8L A L A o B sgs e 4B S i s
R N N L R Ry
sphe @8 B Je jle SSE Sy L Je
Sk Ly, (Rostamizad & Dastranj, 2024: 305)

s odalie BB oY S 55

OB, s

(i v\JgT).é‘tgb}g,o Oylrgld Y ICh

VFy

“@

9 9390 S s Y Y
Eo s3ane Jolse 3t o e Sl 4 ar g L
a5l B g 85 53 fge Jelse Ll 5 s e
23 wlie sale Dlidod ) p 5l oy el 13, 55 5 oYL
P s by e Slialie el (p pdge L
G ot plisy) ol 4 cailate Ll 5 b Ll

' Number of thresholds



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol S39 . 9 99 $lCul g s ol

5 By oy b Sl Gl 5 Ok gd Jld Sl WS alTUle Okhe gl o Sl
4 g5 ol ged mske 5 G5 o Dl s © 20 s s WF QPN e 5w o pdld 5 G Al
gl S| e shS VPP 5 VPR O YNA S S G g g 1) Ol sed mhaal m e e ST VFO/Y

(g JS8) Wlosls jolasstl s g 15 Ol g ol 1 o 2 glSTVVO/O8 5 VWH/FF VY0P 65 5

VT O8I e o J g ST e Ol 5 o g 9 o (£ 51 S sz ALE Y L

Sl gy iyl &;ﬁféuouﬁguwﬂ);mﬁ SBoly 3 dhold g fud 31 dlold  wlid o3 S slro
(Sonaals ( SaT dijle ¢ 5 5l b &8 oSip5550 i el se 4 by e SN Glaa Y 1 LI
35 Mg S5 oy oty cblod LS5 ik ok Ol 5 sy 4ik I eslizul b s 8 51 ol

st i S5 Sl isbs odys aibie B4y b lal Ve e b OlS

sty obys shaig 5 5T el WSl s s S s O Oy o (I F JSKE) Ol g (oulis
e oy g 4 Ol gd ol s SleSBI L Llods 093 (s SR ¢ 5 5 allaie GlacSin oy 5 oan 8
el 0 0L ) Jadl> s Al g me OB 8 Glacans 4 & dmes ol

e 5 (ST g5 5 e 8 &S 5584 053 Slosee

J& ST e Ol od gl (wlidmo) Gl ) Jur

6399 4 colu Al £95 g ceodle
eolid oy KMm? Sl
elS FAINY Gt s o)l ) s 453 (sl b 58 85 lacSn Pcmt2
g VO staassT o uT il Pzla.bv
VeIvE (Y W5L) (K 505 555 eKananls 50,5 505 gla Lub Cl
o33 VBN S ST 68 03,5 855 4 Jle Y e B 256l 55T eSaT K DCkh
S g e bl b s Ol o5
sy S YYF/A0 (5 5ke di3Le) ol o U o yot ol b 0,5 (6 2S5 o $SaT K Cm
YA/OA BU L e seKin P
e VoY (3));.u;u)cug;.z¢§\ﬂe§;~uf:,f;&wu Pd
V/FA (435 63L0) pobae B o o 2 Lo (6 2 b ST S Pr
o\ p&,@yuwwafjusxg&T&‘W@;sué;)l&T& TRe
obs (S 55l) s B g s b e 153 AT & 5 oo 33 5 (sl Obe
¥ XA wY i Con s TRe?
/1§ (6Stad d3l) Kimanls 50,5 (6 puS s b TRjs
4l S vy s Al S (ilomial) 4l 5yLe5 e Kl

YEY



S99 ég}L(a!,»‘sj'wl VEF ol (VY ale) pow ojled qoutid Jlo Um,s eblm g:lﬁsl,» Ol
\/YY VU o sles ol 5 5 SIaSSIb g e slanigs Qftl
SAlS ¥/YA b o les il 5 5 SIS e slaitigs Qft2
Fe0/08 b saig Qm
YV/A s g o 1 5ol anle 5 58 Sbsm Qsd

(5558 Sdae SBLEST| 5 wlid s Olejlu V2

(S

Gk 3l s S b ST sladijle 28085 50l S olad
5 30T oo LT Jins dile olao)s 5 S gladeto
FE 2o 0SS Yl 28 8 s
23T 28 5l 55 By 0ls Ju 3,8 0 O s cizn
— Sl Gy b S 5 853 55 4l B B Olaly 8
OS5k 5 wdls sl 2elkST Y Jsb 5 oo s
OT b &S ol g &S5k OTYL Csl 0T o Sas
oy g By Qoo s BB Jld JU )3 BB g 5L
ZIVarD, ) Sl ol okily &Sl Uil G5y p 5 okl
35 Ol gt bLs,l slaoly SledbI &Y (2015: 47-48
o detl) OladS Ol bl b shost 225 5 eslizal L
Euclidean | szus 31 sslizul b «(0kadS Ol (g Il
o 53 (Bl slael, Sl akols 45 8 g Distance

(g ¥ JSE) Al o (20 V002 b Jis o Ol g

v

e

e b OBl Ol (i e 4555 e

e Y0 b s Slllae 33 gdes 3 S 3l alols
Ol g 8 Lot o ege Sl (0 B JS) il e
oS 58 ol By oS 5 5LT e oS 4 Olg
Cpr el g wSan S8 D 4 alT e
S S il 2oy (B Al Ly, LaLT e
e db 4 om0l O B 3,8 51 5068 O b
Cebags L8 5 5l b 8l )l slazel e llS” #
Sbtle G5y » i Sl gl S,
OE 5 Ji 5345 (1468 ol 0 VL 6SCi 95530
25 By S gkl 55 08 S slacas
23 Ol Ol (slaeSTISdy LT e 5 sLTdeoms g
3 Sdes 15 il 8 515 55503 5 BV S blie
S s gy oSl oy STy bl 1Sl

Vo o w, K e (Joi AT e Ol yed (Ll (Slaoly 31 dlold § fuF 31 dhold ( oulids o) (S slino 405 P I

o s plx] EnVi isle 5 55 Flaash s, i eslical
Solen 2 50555 2 R 51 S b ) b s
S kol mls 5 23 8 o) 50 EcOgNition il 5 )
S LSl ol dallas s a8 il

w)‘hglfJuT)waﬁj?juéﬁjK

YFY

Lt gyl 9 B39 3 Aol ( o5l 5yl S e
pobas Sl eslizal b candllae 500 53 9dee S5 0,8
ol | Y YF/AA/YY 56 4 (OLT o) & ol
ol 93 s A cearthexplorer.usgs.gov) &, L 5

L opslal Sy p S el 5 awdids Oloeoeas Il clul



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

Euclidean Distance | gus i oslical L alssg,
o 3 wlagy 3l Al (o 0 JS8) w3 8 2l sl
5 A3 e P b ke o S LT e Ok gl
(o B Sladlsg, Gl A Hle Ol gl p-é-‘ sy,
Co by oS Sl Joola 5 0lgx § abTaemms €055
33588 Blsssy 4 Caspml 53 5 00y ol Jes
Glaosls 31 eslimal b 55 Ol gd 5oL &Y Lk
N BT Olely (JsS 2T o) (amiwilil slaoony!
S35 3 S b s (asS S 5 essliT W8 F
ok AE 4 L s T s Ko ST L0
GO0 o s LT e Ok gl el 55 (35 ol

(CQ Jg.l) u\.&b@ J;AL;L:‘ A

S395 9 89wl (s ol

SleMbl b byl s ddeoys AD I 56855 Jos LG
el 68 AN bl il sl edidd s
Sy b bl 8T Cals Ol 05 e (O JS8)
S YVV/OF OFF/0F ¢ ay w10 5 (2155 2 e
Aad o g 1y Ol gl e 51 m e e AST YR /FA
Comboe 51y o shSTV/EY 5 FYN e 6O 5 4 (imen
G s 5 S5 15 6 )8 5D o Ol g
Vb Sleli )l s aibte Al 2y ¢ IS b dil
S Olgea & Sl S Canl g s Sy
o 0T Sl Soml Sleli,l s 5,8 o N eslizul
S 0 el ol G K D pon S B,
el ad £ 55y it (655558 DY puasa 55 gl
Ay L gy ) Ok gl slabrag, S AY

ools LEE a5 A& 0313 3 0 il slakilssg

VE OE I e S ST e oli s ok 9 S5-595 31 4bolb (ool (637 (Sl slune 2LE O I

oA Sl lila 8 csa s Olaly Ob—u g3 o
9315 ke ,gd plagd e dsdous 3y Al Oliw ,gd
S o5 5D Dh—ans ¥ oOVWS 5 (6550 i
GLT Lo b 5 J a8 5LT Je) g 93 5 (K 08 5 5LT sl
385 sh3m8 (S oled o bl Ol g e AL o
ol 35T B VEVAA L Ll A0 Jle Ss
D13 5,3 055 05 ( S 5SS Llowd 1 Obw g5 63 gutoms

Sl or b e gdiine D) soas 55 Ol g (BT 51

Y FY

axdllae 8 590 00 gumo (9 y20 Y Y
Vo5 aads Frogamm ;3 0F S5 5doue 55 IS 5LT e Ol gd
94> 3YF 9 B, 5 b adlA 54aidsq 4,500 b asl
Sles 5,0 b0 5 aids Y am 3TV BB Y 5 aiss ¥
Ol Ol |53 Ol g ol (7 JSKE) ol 8,15
Er ek S NP Wl OT ol Cal ol
SLoke g3 4 dlad 1S LT e Ol g oL o

Gt 51088 Ok gd 4 o 51T 5 sslS S



395 9 89 HIwl (s yho! VEF 5ol (V7 als) pow 0lodd qaid Jlo ¢ Tl gS Bblio (Ll i ilalllae

LR NS e ddlan 3590 0390 Curbgo ALl S IS

2aby e 05 dlel b s b ol 55 (LY ylas) oWy sasl .Y
Sl e s Sles gl 21 b g3 glawY (69, Sl 03Y GIS Lo 3 4, SIS (sla o g
s s lulwl gy g5y p sl Slhes IB s 5 M iyl okElw Sy LY sl
s B ot sy IS0 53 Mg (s A 405 (550 o Il Gadiosd ol 3 5 shate by L sd (gL ISl

A JSK8) T s g ot L Il (556 g e w5 516 e b e Y

g i 53 g0 sl e le s shtea (V SE)
b Sl 1SS a eal s b i st Caliths

VY¥



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

S395 9 89wl (s ol

o WJes ébT‘g.c Ol g 38 o0 ) plas (SAdi@ 3O (ow)y O350 (S Lo (S Bl & lilinl (v AlE Y

VR OE W,

Bl (Fusod g Jlo T Jgier

o Ay S g oy sl gl cer ol S
I
EYD o QA YOF S /FYD YR AT R o/ OF \ s
S WY W g /A AOY  NOF —v/4d 3 P eh o
VARl —/\A «/+4A = /¥YY Y AN \ /440 ENY EW
LN SN YWY s \ AV TSI T S
AN ALY /YD ana \ AT VA i) AN —+/Y¥) ol
NI VI T Y 3 YUYV ¥ A S /FYD Sigtemd
YD —/e48 \ " YR IRV TRV Ry Yor s
—my \ /88 YD YD e /n0F SN A W —/e8A FHESRYY)
\ SONAY YD B MO Y RS Y FYD b
\VFov @Lf.u)li; o
B lxe S5 g ilo ¥ J9or
ok Asgy S Sidled  oly sl gyl e s sbxe
I
% VA e VES V/EYD VYRY O ANAYY 0A +/4¥0 . s
V¥ «/4YY NN /AN JARY AR V040 . I e g
EAY ANA A VYWY AME AYF . 1/+40 «JOAS EG s
e V/+OF LAy < /YAY +/4F5 . IAYE IAFS VY Sl
VPV /VA¥ +/AVF IFEA . NI RY.21 ARV /Y ol
VR JAVE AT . SN OVAY A/¥YY /AN V/EYD SRX
+/AYF V/.48 . A AVE AV /4 ey VS S
Y . V/e48 IAVE CYRE O VOF V/VA /Ay V/+9A FESYY
. VXYY +/AYF VEMWA/MVO /AAF o /BAY VY «/OVE b
MNEAY  ANSY VYN ANYEY  ANDY  VOKD VAR Y/YAQ VIVY4 sl Egoze
Ve o€, e
W 09 31 eliml b by slae (216 039 § DB O e bz 1 2l F Jgu
ool dsgy S Gigded oy el el cwb g cwd shxe
/YA AP /YA CYVO YR MY Ve /104 YT sxo S
YA OVFOY A YV YYE Y/ESA /MO V/YEE VoY OleMbt o s
ARA YA Y A JAYE O AEY Ve Al Ay =@ 039

Y¥FO



S35 999wl yw(S ol

L& do s g sl S Olab ol S olb
A A, A
Loy Sy Loy PYRGIC WY
km?
Yo /fY \F \\idl A AVARA )bpx_ )lﬁ..g
PY/AS Yy YY/VY YOY/#YY )b’}?,
V4/0v 4 YEAY YWYy buwgin sas
- - YYOF  YPY/AYY JUE Ny
- - VO/¥8 We/PAY s 5 s

VFv Qkf.\;;ki‘« Lala
o

Glaan T 5 ALE iy (ol ol 5§l
sl 3 plis | o 5 a8 5T Sajian
Madadi & ) el Hls, 55 5 (63b 5 Caatl 31 358 e
Jole o ey oy 5l ol .(Piroozi, 2023:81
ST e Ol g A e 85 Jomily A2 5 65
Gas Jlas 5 oty b Gblie o8 das e DL oJ 557
g Llods @ly s a¥er B ees oSyl o gla )
SIS FUNIDJCA PV L SRR S 1
oS 4G§.:Jl§,e ;.}j\}h q?KwE\Jéj}J}::S
ol gL able 5 s e S5 5 5
PP el oS ebia S L e V0
Llas 8T OLbil enl 2053 A5 2 65wl
fo—b s ) 3 (S 5o S, Slab Hlas b adl 354
F) e 53 255 LG I s 53 /T S s
e ol g o Sl s e S 55 e By
o e a5 Sl Ol e sl b ldie 3 e
235 Mo Rl NI a8 ot RIBIL AL
ILL wals el slin (g5 5 2 45 e 6,5 Ao L s
SNarifi) b gr (213! oA e 85 el 5 04d
(55 LT e Ol gt 3 500ma s (01 A, 2022: 48
Db Slab 5 il o o3 AA/TY B iy b lulie
A5l e Ay s A BN e glyls sty g s
oSS b ot lan b (858 BE oy (SU e
83 9does 55 b33 LB Sl o )3 AV 53 aS Gl

53 b B Loy FY/FA (o ys Yo B0 o

R4

VEF 3l (VY o) o oot qd Jlu ¢ iliunrgS 3bolio 3 Udl i colallao

WY ¢ A e g8 Joily 351 d J gt il
YEVIAYY (05 ey ity 6115 Ol 2 31 g n hS”
kS YWY 5 oS il hyls e ashS
S s oy Gl OIS s e o gm0 Joneily D1
B c,aj:a,L; VOV/AY 5 YOY/OYY ¢ s jay 50yl
DU 28Ty Gl Aias o i |y Ol g ComLe
Gl 408 el s (5 me 53 GbLe 5 (o3 A e
A 4 A g 5 g ) SOl canlllas I ol
Fa g Sy S 55 53 (A ke Sl 5o g sl
Lo 53 PVIAY) s 5 (el oA bl 5l o s ¥ /FY)
bﬂ,ﬁ@ca;%g.x\a.&é\j (a3l & bl 5
3355 5 lish e Julia 1) & 5al bl 5l 53 V4/0V 35
bl A Bl ST Gl o Sl b (ST AEL
ol s 5 G bl 58T w33 8 o edalia
S s o (gl gy s o DL 55 Ol g
Els At g sl Bb 55 o 5003 55 00 S el
el 58 Ol Glal gy 55 s G el s
ST o e Olale cast) 3 s ¢ ooVl eolT oo € o (o s
SUT e sl g ¢opmoman dad oo i g |y Bliw H0ba
cn O35 ol (glabi gy of o 4 SLT J 5B 5 J 87
a2 LTed (587 05 5 L Tam 5 e a3V

ABL o Lo gre ot il (15 Ol Il 5 o 936K

Ol 5g 409> (o 3 coun ) Jlad- (Sadigy 4Ll A IO
S e g Sl g3 31 ool b g3 26T e
VE Y
M ol G ¥ s Ol DMl b Jaue
95 b Solro Wi 1 5951 (S p5 I



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

C!,;lbouﬂ_;:g;,-l_wjtj&yqas&\?ﬂ;\
C";) 03 Jele cplcdias s J.:i_.:.? é{\' LY Sy "
U’-'JI{"G" )‘ G‘J.L‘JJL\J ! JS‘;A 69> 0 L;LA ‘flﬂwﬁ)
ca:)JMJ:Ls_::}dQK?d;JL;)JJ:}JJﬁ‘}G
. ’ . . z &

ﬁduu&_a,u,);;ﬁ,‘ﬂumi;_wuu)&_&)
u.glu')\.:;o)l_&\gTS}jﬁju\;:g.,.:_;szMuMYng)
Sl jlas b 558 bl 287, s (glas i
FE/ QXY (OS5 s o O 55wl b )
23 o A blE 1A 5o YAV 5 F/FD OF/FD AV (YY)
J3Cl 5p Qsd Pmc2 pd dckh Cm gls b 5L

ob‘\)’)‘.}
Sam i ome slemsl 55 Ll g e g 55 b |8
PP )bj&ﬁ@gywdjj&h&‘dﬂfmg
5 S o 3L 5 6551 pslrme St o e £
LB .l (6 i 5l 3 5 SenS Jlail 4 5o
Gl bl ple & Cans 5,08 0 OT 51 S & (5 s
G 53 Jole 3 oS Cal (6 5 b Sl
Sharlfl et ) )J‘}f@ L g:‘j"j wﬂ) 1}3}) [EYARY
)}b@tb‘)&k)}}b}fﬁ;hu% )"QJ;J,JQJT‘J
Slalob asd 5o dlowl 53 b |8 25 ey p
Asghari Saraskanroud &) sy asgs J—uS
S Gduaig 4 i& ) (Piroozi, 2002: 82
Ul sy g sty )l bl cdas o OLES 558 e )
Ay e Lok 315 O PN TR R W JE I
@l o5 bl (RS, 428 b Ol g oS 5l dols 42
Ao 53 OF/OY &7 il a § s gn cpl 5 (ST 5
9 Llesls 'CJ J_..f)l S FO Aol LQJJ"-‘U:AJ
SF G RO Sl s ol s e i A LB e
Gblie ool el dnw g (gl slomaly a5 S . las §
S 3505 34 s OLSKl ol Bl el (655 b Citliee
GILLL NS e slows | Es b culiol gla sl s L
)ﬁ%}%ﬂ)@@%ﬂd&b)uﬁ-")uw&)b

s sk s e Nasin et al, (2022) 4 shiles

A%

S395 9 89wl (s ol

Lals 3 anl i) bUE Sl dw )5 ¥9/48 (o3 Fr L Ye
PR pp-R AN g VWS TR VN PINW-RTE SO SRpgw.)
Sala B lesls F5 o3 A b Fr b Slib
dor > 5 Gy 2 (S5 51 T3 5 Ol cad S
P it 3 s e sby Sl (S aL el
Jots by 56 51 S Ol sea il e (S35lsn s
28 5t B o 2050 GE R ity Sl 5
3 b Olb ., (Golipour et al., 2022: 213)
Ol (Ol g ol Dl A28 L 0T e 5 s 3 5l
gz o ks Jlasl gl slaag Clel &5 das o
o ly g dled 5 (BB s 1 0 (St
Ol (A bl 5 b S Hlns Ao ioman .2
NAS s \¥/+F QAB/YY AV FY/§0 s ja & das o
Gb oo f o o Slg yo b 58 L 5l oy

Ll osls 75 G b s 5 o pdls
SHRLL 2 e Jolse o Fege 5 (o Wb e Lo sl
C‘ﬁ’ﬁr‘g"“““é‘f Ol IS ba 5 L glauls
ESPOSito et ) uus’ s oSate |y &K 0355 &5 o
Ol g 553 ) ol 2235 4 4 g7 L (a1, 2021 7
Slab 45 5 S 0L Ol 5 o o L ) i Sle Hlns
CM Gladijlo b glasg 53 Uoas st 5 5 st 5 5l
DYDY s ja sy sba .a,ls L 5 Pemt2 5 pd dckh
S Bl o ln 1 0 20 kS VIAY 5\ F/AY OFFIAS
Pcmt2 spd Cm dckh gla 5w 51 IS ize st
Cm bl 5o sy &2l 5 0dle 4 L5l
5 VY/YY FADF VE/VD tus 5 4 Pmet2 5 pd (Dckh
.m:dﬁﬁb@dlcawj\cjnﬁﬁYf/AY
Qft2 QftL p Cl glakjlw oS u il s S5 oY
§55 Jouilty Bl 5l gun laas, 5,2 Qsd 5 Pr TRjs
05 513 ST e Ol g b el 55 53R e
asdllzs 5 40 Z:).\mck» 03I Oled Ol g oo opl sl
oo lis 6K sladoly b ol 53 558w 4 bles
ot g 5 Kaw aw bo glad 5 ST &Kw (O)lo ¢ ot
2l s VS Ceaglie | dsas ST ayls 35 55158

5 bl A e f s SIS LAl Jalge Sl L b



S35 999wl yw(S ol

3l Bl s S it sl sk e (5
135 osb 53 5305 Gl SuL dlis 4 ey
o @Blan (B 3 5 Slamsls Al 5 B eSS 55 o
IS Sl b o )8 5 Sl gl L3
S g DLt 5 s s hilay 3,8 o0
£ SR bl 53 as S S e S Sl e
s g Ll o @3B bl 5l Ok s (Sb S s s
odd S 53 0l ys S oyl 5s e b &S Sl
PP RNV PPN C TRt

AL 3wl 53 wge ol ge 51 S anl T &S 1o
5505 L aal 3T 590 5 i b go 558 pae s S5 90 5 (Glaals
bl gro o S slom| ol ¢ s Sl 5 e 5> T
5l ol b L S 5y n ey K
GILLL 9 dolas sl Cws Jla Culg js i il 58l
L.(Nanehkaran et al., 2023: 6) 552 o 2 ausls
o Ol 5 or W S o (b g0 LB (o
e ol sy o sl Gble (25 8
b DU ST (gl gy 5 il )5 4ilsn g,
o Ao b3 Bl ol el cdas s OLES 35 5lae ol b
oeeb Jsa F,byls 5l 3 laglisg, 5l g e b
sy 5Ol Kokl jlas 2lplb Gy oS ST
23S S e Jule oS 3 3l O 5 SIS
shre oy o (Ouetal, 2024: 6) sl 553 ey slo!
Sls 5 s 5 Slantgy o AL e 50 50 0l KL 200
@8 5513 pada FrcA L L (s 53 s
YO/ 6 ja s o Ol 53 LA bl vy .l
VO A il sl 3 iR BlE Sl ds s YN
30 Ve aob glaag 5 LsIa,0 5 e e VOV
Ao )3 VA g YAVt Sa 50 me PO -5
&Jﬁ‘)dt_mﬁ_ﬁcla_w)iab\bt)éuéﬂwj
e e g 4 a5 ) Jeo - et slael e oo
J\S.\M@au;bbﬁx‘\)@aﬂjé@ e ST
6l 0T 2 5 dde © Sh—a 3 Shoe Kb ol
ST o Ol g pebans 53 8 a5 6 85 oilly (o lulis
(A S8 cl (J S

YFA

VEF 3l (VY o) o oot qd Jlu ¢ iliunrgS 3bolio 3 Udl i colallao

Ol talaz 51 5 558" Jlasd a0kl )3 (L3 505 = o
i sloslr Slisl s 4 e L1yt 53 (Ol
S s b Gl s oMo o |5l T
ol ol 53 5 i ST Ble 5o ¢ G5atil 5 51
o3l ) s e )8 55 (glos s S S - L5 o
bt 5l Jmol (s A lalie (L5123 8 o
S glaarg cdas o 0Lt bLo ol 5l ol Hlas
Sy 5l 2 YO b oo ol 55 ast s
ol (63 9dwe Hlidde g iyl Hl 3 Olw i b5l
By i Foer EYO e sl 5 ey 5
Lo )3 VI A (s 0 Ol 55 G A L w5 tileds
Slaely Sl 6 YO b oo dl b s a5 Ll
S e P B0 Lol 3 55 Ao 53 VAV (LUl
bl glaely 5l g me Fror 5l i ol ys bl

Ll 15 Ok e
5 i85 as b s S35 1 Sl 60
dloor Sl adlate @Sl (ol S gladn T3 4 25T
ASOhari ) aas o maas 1y Gl 5 S 35lsn
kil o, (Saraskanroud & Piroozi, 2024: 82
) Sl Ok g (o551 (58 g5 b sy 405 o
93 odkes ygbay st g o g sl Gble ST AL o
,.uu.x_;é\,ﬁ?u:_;ﬁpyu,d\féudﬂls
g P N SR P I P P PR P - WP P
Sols o o shS VIO sty jls il 53 4555 5bay
DS (K Sy oty o S FFIF (10 6 )8
L oo o shS N 5 G S s Doy ot e b
FVYE N0/ ¢ ja (umman AoL o 21y 6,8
S5 Sl s p i 5l e e ST YV/AY 5 110/9)
LU sl 3 b S s 0 S (MR
S a3 o DL 55 (6,0l Db 4t Ls g ge (5
S8 5 oA L a3 YAYP 570 /0N ¢ S
FRNP T R S P ISR S P &l Paes
g 1y sl 5 b s, ¥ s A8 teS 5w
et S sl ol Ol o RS s e

03 e g s aibate Dlelis,l 55 6585 g0 585



VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

Csls) date iy Gl (Gl e Il
b (Kawanls 5 Jed )l ST K glaay
5 S Glaslle (ol LOT Lo g lauls o8 eSS
Crowgf (b Ol iy ) b e
35 ol (g pdled 5 B b0 s

o s g 0> eSOl ey S oLyl ens
o S eslial b S LT e Ol gl 5 e
Sl s 5 0lis (i A BB 5 o 5 Shas el
Sl S 5035 o3 AL (fls 5 Coles b s
ol Al Gl e el Lol A b
Jol s b ol ey s & Sy Ole3l Ol o
Vojtekova & ¢lawg odel  Josa sla fays
Salehpour . Madadi et al. (2021) . Vojtek, (2020)
Kumar . Sharifi et al. (2022) Jam et al. (2021)
Asghari Saraskanroud & Piroozi . et al, (2022)
Madadi & Piroozi  Saha et al. (2023). (2022)
Asghari « Tesfa & Sewnet (2024) . (2023)
5,She , e « Saraskanroud & Piroozi (2024)
bl 9 o 03 lmedkir Hew b by, o
o) @l 4 e gL I s Sl ees B3R 8 b
22 e 5 skiea (S5l dde e L85 5 Gl
5 A Sl ity huly 3 aupr 5 0L
G0 ol 3 S e ik e s Ghle gl
33 8 o slgiien

G oy 4 a5 b ibe S5 4 Y ulg s
Ol g o 55 S5A e 7 85 bl Sls (laagy
5 GolapuT (bl Sl sl (JsS sLT e
boospdy Oyse baag opl 53 odd Wl S 5 i
52 2 eoad Sl Ly adlas s 4 ax 5
Tl 03 PR £ 88 5o S bk o rege 0L
IS Ol il sl e IS ST e Ol g
Sl las sazme Jald clajlms opl b oalaly 5o 553 e
s ot S e an 5 5 61Ky Sl
Sre bddaly 53 ey 0 Bia (65,8 aels (oL

Sleslizal dbsaisl 5 (5leylbl dacad 03 go5 SISk (ot

V¥e

S395 9 89wl (s ol

(0 23 s § b 8 o il iomin A U

VR O, ae
[

S i g Con F
Shls b b Sl ble o Sage 51 (S )
Sy shiee S Cular g BB e 5 g3l
5 Sluaig OT Cu pe 5 ezl Sl 5 Sl zals”
36 s ey ol 8 JSE s Jss Julse glelis
ot s e Jelse plld Oda b egn ol LSl
s oy S eslil b B e g s et laaigy
2 @85 5 LT e Ol g mhaw 3 o S5l Splmeckir
S Jele s bl ol odd bl Okl Ol
bosia b s 2l wasd Julse ¢ ass
TNV /PIRVAL A SRVAT S PR
1y 55 Sl o i (ST e Ol i 5530 e
SAOVAY i o4 B L edle 4 Lsse Cbs
03 b g5 g b Db g pe e ST YOY/FYY
ol GV Jedly Kol iags cnl s cossutons eha
Al SR S g Jlel Bl Ol gl
SAS 1y sy sl 5 s Gble 53 S 5be
£55 62 s orlin Ll 3 oS ol 14 S 4 Julge SIS
Ll 4 015 oo by opl 52 48T AS oo ol 3 A5 e
S o (At BA0) A5 6 Lo e b b s laaals
Sl 28 Olsl o la 2ok ol ys g e Free e BV
5348805 (55K 5 25 () p K i) e
5 olaly Olhas JUs 4 baatels adl 035 o 5l



S35 999wl yw(S ol

Sl g Sl eslial b OT 3,8 talsy oSl Jsls

3,8 S5 G a5 350 el o
S prige o) 4 alis bl 03 Ol o Solgi 53
5 68> Olalllas 5 A odomy ooy by 554 o
Loy Sl S el L 2l e mS
b ge 38 ey GbLe 53055 4 e sla LT
gB9 03 JF3 lsbae Coeal (Bime b G ()l S
g8 Jl Ghils (15 Ll 5 Ol g 233 s
Ll oo 9 azils (63 )8 aiam (giaig LIB H3 0 s oy
SRl 5 Sy Sy e (5l (5 Sk, Ll Oy o
23 A e dasee b bl I SL O g O )l

(3l gl goly S50 “_;,u;,:',qh@:bcuyz,m
Jls b L5 o OByl 5 laibie OT Olejle

3,5 315 Jase O bl
295 T 3 e s (1N ol § pE
Ghoen oK1 (65518 5 hassy Sisle Solzel s |
edel 1y 555 s, S R IS - P WY

.r.g“)b@

References

Abdulla, A., Baryannis, G., & Badi, I. 2023. An
integrated machine learning and MARCOS
method for supplier evaluation and selection.
Decision Analytics Journal, 9, 100342, 1-11.
https://doi.org/10.1016/j.dajour.2023.100342

Abedini, M., Mozafari, H. & Faalnaziri, M.
2022. Investigating and comparing the
effectiveness of information value models
and frequency ratio coefficient and Shannon's
entropy in zoning rock fall risk (case study:
Zanjan-Teham-Taram road). Journal of
Geographical Studies of Mountainous Areas,
3(1), 55-75. https://doi.org/10.52547/gsma.3.1.5
(In Persian).

Ahmadpour, A., Ghaforpur Anbaran, P. &
Babayyan, H. R. 2024. Landslide and
Rockfall susceptibility zoning in the area of
Kerend-e Gharb and Sarpol —e Zahab (the
axis of Pataq pass) in Kermanshah province.

YO

VEF (YT L) pow oslacd et Jlos o limdreS’ Gblio o3l i olalllae

ol ed Cndy p et Doy Bl laslgs
RS R RS E S U PRUSSIREAPO
2 G Slae b odaly s oY DLl A
Sl 1 S Unatals (5L dallae 4 015 o 55 Ol g5
5 Gileely olatle sl I Coles daisile )
(A5, slaad) sead bl 5 bejle yle Slus|
5 Loy by glaaials 5 baailiag, cudy lae,lS
S sl o S 3blis 533 g g0 oo (151 53 0354
s S CalS b 8 Ko 5 A by S
S g Ol oMoy Ll o)Ll Gras slaaie) b s
CIbts A 3 55050 BN 5o B e ey A1
b Ot Jales ks b Jadb gyl 5 ol 0399 SLadl Jal 52
OS5 LBl dal g i e Sl eliel o g 5 S
Olllas 55 pgo Al S0 T ke 5 b ) S5
Gyl s S 2iseT bl ol 53 5 ol o8 me)
s 3 A Gl sy psee G BT mbas
slgihy e Glajluscsle (S 6 by,
gl 03 B0k ol 0o Y ar 5 Lo sdle 4 558
5 S pLal sl sl Sl Sul Js 4 5 Ok g
gl > S G o a4 0T 055 SR
S s Sl Bl 03V 5 et Ol g8
O 355 51 6,8 sl 5 el AT Eolia (6l bt

Journal of Geographical Studies of
Mountainous Avreas, 5(2), 39-58.
https://doi.org/10.22034/gsma.2024.715552  (In
Persian).

Arshad, MW., Mesran, M., Setiawansyah, S.,
Ryan Randy Suryono, RR., & Rahmanto, Y
(2023). Combination of CRITIC Weighting
Method and Multi-Atributive Ideal-Real
Comparative Analysis in Staff Admissions.
Journal of Computer Science and
Information Technology, 2 (4), 77-86.
https://doi.org/10.47065/explorer. v4i2.1428

Asghari Saraskanroud, S., & Piroozi, E .2024.
Identification and Zoning of Areas Prone to
the Occurrence of Landslides Using the Aras
Multi-Criteria Analysis Method (Study Area:
Qarangoochay Watershed in the Southeast of
East Azarbaijan Province). Geography and
Environmental Planning, 35(3), 65-94.



https://doi.org/10.1016/j.dajour.2023.100342
https://doi.org/10.52547/gsma.3.1.5
https://doi.org/10.22034/gsma.2024.715552
https://doi.org/10.47065/explorer.%20v4i2.1428

VP ol (Y o) o opled ot Sl ¢ Sl 957 Gl (LI s> Ol

https://doi.org/10.22108/gep.2024.140985.16396
(In Persian).

Asghari saraskanroud, S., & Piroozi, E. 2022.
Comparative evaluation of WLC, OWA,
VIKOR, and MABAC multi-criteria
decision-making methods in landslide risk
zoning Case study: Givi-chay watershed of
Ardabil province. Physical Geography
Research, 54(1), 65-94.
https://doi.org/10.22059/jphgr.2022.333658.1007
656 (In Persian).

Asghari Sareskanrood, S., Mohammadzadeh
Shishegaram, M., & Asghari Sareskanrood, S
(2022). Zoning and estimation of range
movements in Hashtroud city using radar
interferometry and MABAC  model.
Environmental Management Hazards, 9(2),
133-150.
https://doi.org/10.22059/jhsci.2022.346994.736
(In Persian).

Badola, SH., Mishra, V.N., Parkash, S., &
Pandey, M. 2023. Rule-based fuzzy inference
system for landslide susceptibility mapping

along national highway 7 in Garhwal
Himalayas, India. Quaternary Science
Advances, 11, 1-12.

https://doi.org/10.1016/j.qsa.2023.100093
Bhattacharyya, R., & Mukherjee, S. 2021. Fuzzy
Membership Function Evaluation by Non-

LinearRegression: An Algorithmic
Approach. Fuzzy  infomation and
engineering, 12 (4), 412-434.

https://doi.org/10.1080/16168658.2021.1911567

Caleca, F., Scaini, C., Frodella, W., & Tofani, V.
2024.  Regional-scale  landslide  risk
assessment in Central Asia. Nat. Hazards
Earth Syst. Sci., 24, 13-27.
https://doi.org/10.5194/nhess-24-13-2024.

Entezari, M., Esteki, S., & Gholamhaydari, H.
2024. Investigation of State of Landslide in
Tarom Watershed Using Risk-Vulnerability
Superimposed Model. Journal of Geography
and Planning, 28(89), 61-39.
https://doi.org/10.22034/gp.2023.54607.3073 (In
Persian).

Esfandyari Darabad, F., Rostami, G.,
Mostafazadeh, R. & Abedini, M. 2024.
Spatial assessment and zoning of landslide
risk in Zamkan watershed using support
vector machine and logistic regression.

Hydrogeomorphology, 11(40), 123-102.
https://doi.org/10.22034/hyd.2024.61467.1737
(In Persian).

Esposito, G., Carabella, C., Paglia, G.,, &
Miccadei, E. 2021. Relationships between

1O

S395 9 89wl (s ol

Morphostructural/Geological Framework
and Landslide Types: Historical Landslides
in the Hilly Piedmont Area of Abruzzo
Region (Central Italy). Land, 10(3), 287, 1-
28. https://doi.org/10.3390/1and10030287

Golipour, S., Hosseinzadeh, S. R. & pourali, M.
2022. Identifying landslide prone slopes and
classification of its types using logistic
regression model and fuzzy logic (Case
study: Ghahremanlou Catchment, North
Khorasan Province). Quantitative
Geomorphological Research, 11(1), 209-228.
https://doi.org/10.22034/gmpj.2022.336132.1343
(In Persian).

Jafarzadeh Ghoushchi, S., Shaffiee Haghshenas,
S., Memarpour Ghiaci, A. Guido, G., &
Vitale, A. 2023. Road safety assessment and
risks prioritization using an integrated
SWARA and MARCOS approach under
spherical fuzzy environment. Neural Comput
& Applic, 35, 4549-4567.
https://doi.org/10.1007/s00521-022-07929-4

Javan, F., Atashbahar, R. and Motalebpoor, A.
(2025). Zoning of Environmental Hazards in
Tourism Destinations with Emphasis on
Flooding (Case Study: Sarvabad County,
Kurdistan Province). Journal of
Environmental Research in Mountainous
Regions, 1(3), 43-56.
https://doi.org/10.22034/ermr.2025.144141.1025
(In Persian).

Keshavarz, S. R., Bayati Eshkaftaki, J. &
Almodaresi, S. A. 2022. Spatial analysis of
the amount of landslides using radar
interferometric technique in order to reduce
hazards (Study area: Sarbaz area in Isfahan

province).  Environmental = Management
Hazards, 9(3), 271-288.
https://doi.org/10.22059/jhsci.2023.347893.741
(In Persian).

Kumar, A., Sharma, R., & Bansal, V. 2022.
Spatial Prediction of Landslide Hazard using
GIS-multi-criteria Decision Analysis in
Kullu District of Himachal Pradesh, India.
Journal of Mining and Environment, 13(4),
943-956.
https://doi.org/10.22044/jme.2022.12235.2222 .

Madadi, A. & piroozi, E. 2023. Landslide risk
zoning in the upstream basin of Yamchi Dam
in Ardabil province, using multi-criteria
decision making methods MARCOS and
CODAS. Quantitative Geomorphological
Research, 12(1), 73-94.
https://doi.org/10.22034/gmpj.2023.370812.1390
(In Persian).



https://doi.org/10.22108/gep.2024.140985.16396
https://doi.org/10.22059/jphgr.2022.333658.1007656
https://doi.org/10.22059/jphgr.2022.333658.1007656
https://doi.org/10.22059/jhsci.2022.346994.736
https://doi.org/10.1016/j.qsa.2023.100093
https://doi.org/10.1080/16168658.2021.1911567
https://doi.org/10.5194/nhess-24-13-2024
https://doi.org/10.22034/gp.2023.54607.3073
https://doi.org/10.22034/hyd.2024.61467.1737
https://doi.org/10.3390/land10030287
https://doi.org/10.22034/gmpj.2022.336132.1343
https://doi.org/10.1007/s00521-022-07929-4
https://doi.org/10.22059/jhsci.2022.332933.686
https://doi.org/10.22059/jhsci.2023.347893.741
https://doi.org/10.22044/jme.2022.12235.2222
https://doi.org/10.22034/gmpj.2023.370812.1390

S35 999wl yw(S ol

Madadi, A., Piroozi, E. & Faal Naziri, M. 2021.
A Comparative Evaluation of MABAC and
CODAS Multi-Criteria Decision Algorithms
in Landslide Risk Zoning (Case Study:
Kowsar County). Geography  and
Environmental Planning, 31(4), 1-24.
https://doi.org/10.22108/gep.2020.124723.1348.
(In Persian).

Mahmoody-Vanolya, N., Argany, M. &
Jelokhani-Niaraki, M. 2021. Multi-hazard
potential mapping of Mazandaran province
using multi-criteria spatial decision analysis.
Environmental Management Hazards, 8(4),
395-411.
https://doi.org/10.22059/jhsci.2022.332933.686
(In Persian).

Materazzi, M., Bufalini, M., Gentilucci, M.,
Pambianchi, G., Aringoli, D., & Farabollini,
P. 2021. Landslide hazard assessment in a
monoclinal  setting  (Central Italy):
Numericalvs, geomorphological approach.
Land, 10 (6), 624, 1-22.
https://doi.org/10.3390/1and10060624.

Nanehkaran, Y. A., Chen, B., Cemiloglu, A.,
Chen, J., Anwar, S., Azarafza, M., &
Derakhshani, R. 2023. Riverside Landslide
Susceptibility Overview: Leveraging
Artificial Neural Networks and Machine
Learning in Accordance with the United
Nations (UN) Sustainable Development
Goals. Water, 15(15), 2707, 1-28.
https://doi.org/10.3390/w15152707.

Nasiri, M., Mohammadzade, M., lotfalian, M., &
Parsakhoo A. 2022. Zoning and Field Study
of Landslid es along Forest Roads of
Darabkola-Sari. J Watershed Manage Res.

13(26), 105-114.
https://doi.org/10.52547/jwmr.13.26.105 (In
Persian).

Ou, L., Huang, C. & Cao, Y. 2024. Research on
landslide hazard assessment based on
improved  analytic  hierarchy  process
optimizing multiple rainfall indicators.
Discov  Appl Sci, 6 (409), 1-16.
https://doi.org/10.1007/s42452-024-06119-2.

Rostamizad, G., & Dastranj, A. 2024. Evaluating
the sensitivity of the landslide event using the
support vector machine algorithm. Water and
Soil Management and Modelling, 4(4), 299-
312.
https://doi.org/10.22098/mmws.2023.13934.137
9 (In Persian).

Yoy

VEF 3l (VY o) o oot qd Jlu ¢ iliunrgS 3bolio 3 Udl i colallao

Sadeghi, H. and Javan, F. (2024). The
Evaluation of Tourist Villages of Iran in
terms of Geophysical Vulnerability using
Fuzzy Scenarios. Journal of Rural Research,

15(4), 85-100.
https://doi.org/10.22059/jrur.2024.383580.1993
(In Persian).

Sadeghi, H. and Javan,F. (2025). Vulnerability
of Iranian tourism villages in terms of
Landslide hazard using GIS. Geography,

23(84), 153-170.
https://doi.org/10.22034/jiga.2025.2055364.1385
(In Persian).

Saha, A., Villuri, VGK., Bhardwaj, A., &
Kumar, S.A. 2023. Multi-Criteria Decision
Analysis (MCDA) Approach for Landslide
Susceptibility Mapping of a Part of
Darjeeling District in North-East Himalaya,
India. Applied Science, 13(8), 5062, 1-23.
https://doi.org/10.3390/app130850629.

Sharifi, H., Ramazanipore, M., Ebrahimi, L. &
Haghzad, A. 2022. Landslide hazard zoning
of Noor city using network analysis model.
Economic Geography Research, 2(6), 40-55.
https://dor.org/20.1001.1.27173747.1400.2.6.4.0.
(In Persian).

Sim, K.B., Lee, M.L. & Wong, S.Y. A. 2022.
review of landslide acceptable risk and
tolerable risk. Geoenviron Disasters, 9 (3), 1-
17. https://doi.org/10.1186/s40677-022-00205-6.

Singh, U., Nandan, R., & Tiwari, A. 2024.
Recent Trends and Techniques in Landslide
Hazard Assessment. Qeios,4, 1-
12.https://doi.org/10.32388/LBYEQN .

Tesfa, CH., & Sewnet, D. 2024. GIS-based
MCDM approach for landslide hazard
zonation mapping in east Gojjam zone,
central  Ethiopia. Quaternary  Science
Advances, 15 (10), 1-11.
https://doi.org/10.1016/j.0sa.2024.100210.

Vojtekova, J., & Vojtek, M. 2020. Assessment
of landslide susceptibility at a localspatial
scale applying the multi-criteria analysisand
GIS: a case study from Slovaki, Geomatics.
Natural Hazards and Risk, 11 (1), 131-148.
https://doi.org/10.1080/19475705.2020.1713233.

Zivari, R. 2015. Karst Development Potential in
Khosh yeilagh Carbonate Formation in
Aliabad Katul area, Golestan Province,
Master's thesis, Faculty of Earth Sciences,
Applied Geology, Kharazmi University. (In
Persian) https://irandoc.ac.ir/



https://doi.org/10.22108/gep.2020.124723.1348
https://doi.org/10.22059/jhsci.2022.332933.686
https://doi.org/10.3390/land10060624
https://doi.org/10.3390/w15152707
https://doi.org/10.52547/jwmr.13.26.105
https://doi.org/10.1007/s42452-024-06119-2
https://doi.org/10.22098/mmws.2023.13934.1379
https://doi.org/10.22098/mmws.2023.13934.1379
https://doi.org/10.22059/jhsci.2022.346994.736
https://doi.org/10.52547/gsma.3.1.5
https://doi.org/10.3390/app130850629
https://dor.org/20.1001.1.27173747.1400.2.6.4.0
https://doi.org/10.1186/s40677-022-00205-6
https://doi.org/10.1016/j.qsa.2024.100210
https://doi.org/10.1080/19475705.2020.1713233

