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Extended Abstract

Background: Landslides are among the environmental hazards that annually cause significant
human and financial losses in extensive mountainous regions of our country. Therefore,
identifying the important and influential factors in the occurrence of this phenomenon can be
used as a practical tool to reduce potential damage. Consequently, recognizing the
environmental factors affecting the occurrence of landslides in forest road networks is of great
importance. Due to its mainly mountainous topography and extensive tectonic activity, Ramsar
County has a natural potential for widespread landslides within the communication network
area. The objective of this study is to assess the susceptibility of landslide occurrence in the
Ramsar County area by considering influential factors, especially forest road networks, and
utilizing Geographic Information System (GIS) capabilities.

Methods: To achieve this goal, the locations of landslides were determined using field studies,
historical reports, and Google Earth images. A total of 95 landslides were identified in the
region, which were divided into two groups for modeling (70%) and validation (30%).
Sensitivity analysis of landslide occurrence was carried out based on criteria such as slope,
slope direction, land use, distance from residential centers, terrain curvature, precipitation,
temperature, erodibility, elevation, vegetation cover density, lithological units, soil texture,
drainage density, distance from roads, and topographic wetness index. Land cover density and
vegetation greenness were calculated using 16-day products from Landsat 8 satellite in Google
Earth Engine, and the final output was calculated using weighted regression methods in GIS and
Excel software. Receiver Operating Characteristic (ROC) curves were employed for model
evaluation and validation.

Results: The most significant factors affecting landslide susceptibility include soil type, slope
of the terrain, vegetation cover, geology, hydrogeological flows, topography, precipitation, and
communication lines. Susceptibility zones and landslide density are more pronounced in
peripheral areas of transportation corridors. The construction of extensive structures, side effects
of road construction, and the disruption of natural terrain balance for road construction and
expansion have led to continuous occurrences in these areas. The correlation of parameters
influencing landslide occurrence with the landslide distribution layer indicates that
approximately 76% of landslides have occurred in slopes ranging from 11 to 38 degrees.
Erosion of slopes by high-velocity runoff flows has caused more than 63% of landslides to
occur within 500 meters of watercourses. Alongside the three main factors of soil type, natural
slope, and slope erosion, landslide occurrence is influenced by road reconstruction and
development without considering slope stability principles. More than half of the observed
landslides in the area have occurred in a sequence of rock, shale, sandstone, and volcanic rock,
accompanied by coal layers. The discontinuity of the landslide layer with the distance from the
road indicates that landslide occurrence up to a distance of 400 meters from the road has been
due to direct effects of road construction and embankment activities, disrupting the balance of
slopes adjacent to the road, gradually decreasing with the distance from the main road. The
results show that the Frequency Ratio model provides an acceptable accuracy with an area under
the curve (AUC) of 0.76 for landslide susceptibility mapping. The final susceptibility map
indicates that class 5 with very high susceptibility covers 13.06% of the total area, class 4 with
high susceptibility covers 16.35%, class 3 with moderate susceptibility covers 22.32%, class 2
with low susceptibility covers 27.46%, and class 1 with very low susceptibility covers 20.79%.
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Consequently, 31.79% of the total area is at risk of severe landslides. Considering the final map
and the close relationship between road presence and landslide occurrence, it can be stated that
the northwestern and eastern forest roads of Ramsar County are more exposed to landslide
occurrence.

Conclusion: It appears that the removal of vegetation cover, alteration of watercourse routes,
modification of natural terrain slopes, and excavation of soils and rocks for road construction in
the area have led to landslide occurrences around forest roads. The marginal areas of
transportation corridors show a significant discrepancy in susceptibility coefficients,
highlighting the potential importance of landslide occurrence in these regions. It can be
concluded that providing appropriate recommendations and strategies to reduce landslide risks,
improving area management, and implementing preventive measures in this region are highly
necessary. This study demonstrates that through accurate analyses and alignment with
environmental conditions, effective measures can be taken to reduce the effects of landslides
and enhance the stability of operational areas. Therefore, a combination of geological,
hydrogeological, topographic, and geographical information analyses can be used as an
effective tool for studying, predicting, and managing landslide risks in mountainous regions.

Keywords: Landslide, Modeling, Road, Statistical Methods, Zoning

How to Cite This Article: Shafiee kigasari, N., Hosseini, S. A., & Pourghasemi, H. R. (2024). Spatial Assessment
of the Sensitivity of Landslide Occurrence and their Correlation with the Forest Road Network (Case study: Ramsar

County). J Watershed Manage Res, 15(1), 63-77. DOI: [[0.61186/jwmr.15.1.63



http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html
https://jwmr.sanru.ac.ir/article-1-1249-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

£0 VEY /Y oo /el Jlo jusol 09> Cappde 4ol g - |

o v el y GRS e IS

g dllie

i slodlr 4 b ol (Stuwon 5 (333005 589 (6 pdsCumlus b))
(el s 506 306,90 Aalllac)

"ol ygr Loy dyon 9 0 (s all ety & 6 ulSS (i Loy

Ol (sl oty JSi slaiBl g (g Il 095 ¢ JSix (dizen 9 ke (0355 sgomtily )
(at.hosseini@Ut.ac.ir : Jggue ok g5) ¢yl ()5 eyl olKuisly JSia slatdl 5 (6 )l 04,5 sl =¥
el Gl il olSels (559l 01ty (ST pole sty slil ¥
VEYRNA by ol VIO wedl s gl
YW FY iaoin
]ow aJ.,Sg
SlwnsS (Aol xawg cwend ) Jbo g Sl obj Chlud coge dluyp oS cuwl e clibbre dlas 550 e 1BAR g dedde
3 okl 390 Jlaisl (b (galS 3 @2 )l plpieas Ko oy cnl £989 2 S5e g whe Jelye (alolid 900l [l b0 loyeS
Ol e Cal Jl3)95 3 (63b5 el I (IS (bl laaSid j> (bjalone; g8y 6 xS IS 0 MU (Jaee Jalge cBlS plply )8
2 1) (b)) saaSud w3 038 lagbidime) ly b Jewily by (Blugne) clld 5 (Sl Laes (B)Se95 Jdsar el
sloodly 4Sb jogaday Sgo Jalge (85 85 53 b juel) (i pped 0394000 )3 (3l E98g opliCumlae (sabdia pRagR ol 5l Baa
il e bl ML g cbells jl oolizl 5 JSis
Erme > 2 i &l S5 sl 5 Sl slagb (e Sl o3zl b U bidcsen; Camboe il liiocys dn gy 3 e
£ Sphitamlas SIS Jdod Cap Ad s (10)3F+) (2bj)l g (203 Ve) silo e sl 09)5 93 & & (ololid adaie )3 (B33 0e) A0
LS iy 15 ) b o el o5 (sboel <5 S1y0 5 ehols (oSl S e S e 2B J (ol nn 55005
e 9 o515 b pslaiedy (85 )15 odlil 3)90 (A Seug8 Cugh) (aSld g odls | Aol walpl (515 S bl (owlb S sl
39 09y ey b 2l (29t g 03,5 okl Gl o)) S5 wlols Lz )3 A i o)lgale 059, VT 819 I Bl Sdgy (s
iyl g oLl elaieds piored LA pldl (ArcMap) liale s g EXCEl Lase ) Wodly Julow 450 5 a3 oled i duwle GIS o
i 03wl (ROC) s 3, Slos ausnds (goio jl o Jde
(NIPPree ook (el e (AU Jide (e) o «SB- gg Jold (553 (e syl )3 IS0 Jelge o age sladiBly
S ol 02 plas iblia > 50005 05155 5 Gh3cens 85 Seivbes b oty tn ol bghas 9 (S5 Ol (IS5
G 55 oy uizmen g (gilwosls (il @l g baleid b o0 s wlas! Jdoas 0ad o Jolis |y sMolse (slajsme auils bl btes
o505 ST 4 b 53 5 €589 2 0 syl s ] g gy blin (ol 3l GBS 5 93 Sl sl o o
590 el e oMw Gy slal > Alussds aield il ,d losld &) s jd YA — 1) i 03g4x0 5 LV RS IRV 7 PRESI N W
Eods baiald il b eiyn (o o (S g5 Lol Jole s U8 5 el o baanlyl 5l (g yme Do+ alols b a s jil e 5 oy Y 51 s
P9 Aelae 50 53 5 04 AT slacd )3 SBAST (538 o 3l el cand (g)lky Jgeol (B a0 50 (g 0l dmsgi g (3Ll b e s
U shon g i S ol oo S 3] sl 3 el 3 033 5383003 3 oot | e ol 035 s |y 559 03 o eyl
25U Jdody ools (oo Fer alold b 558 ey ol 7 00l L ol alold wlads b ools &) o358 e Y alab loshy 7, Ji&j 51 slaasY
o) Colue ol oals 5l ad je b a8 (dlaigSay ccunl 0dg ool> 4y Bpdie slaaiels ol () ooy ) (Jiadily g (gilunl) Olles paiue
axs slp Jod BB > VP ke ) daw L (Frequency ratio models) Jlolyd cuws Jao b s gl Ded o §0S gy by yibial
Copd b0 dab oS cwl J odiddylid o34 e €68 (6 pdiCamlus ol alds ool Cawddy 2l ol 03,8 &l (553 ey Gl 4
rdpnlin oy b Ve o) VEIVD 3b5 (s piscalus cops b Fabls wilaie Colus JS 1 203 W/oF 3l (LS (s piycalen
welaid] a8 a1y wopd VoIV (oS s pdcuwlus Copd b Vaib woyd YVIFFLS spbcunlues copd LY dib wuoys YYYY wgio
U oo 689 g 03> Huan o S5 bl g ol Ak 4 g byl JIE ud (i) (S yme yo ddlaie JS 5l as)d YV/VA ases )0 Wledld
Al (5330 0] 989 02y 33 P puel) e (B g (f Jled rodlr & b o ol
el dilaio p odls cile dlp bSKiw § LSB cuildy (o) (b cud s bl pl pune joid (DL b Bl duy oo Hlaids 35 S Ao
loaldy Hlis g plamlus colps o (oL Bl SMolge (olajse asls slodgiote .l ol (IKis glaosls Bl b1 j5 la 5330 yeoj 590
Gl ey el gl )lSal) 5 barogt Hl)) oS 8,5 am ol caol 3ble ul 3 il Es8s osil Cuenl axmd L el oyl &
Pl L oS a3 oo L5 3o oyl sl (6900 o dibate (pl 3 &l xSty Slacsl il sl 5 Bblie Co e dgnte a2 o) (slaSnn,
s 125 ! 3blia sty I3 5 Lo b5ces T Sl ssliions |y 5 35m sl ol sbame Camiy b U 5 35 (slo b
Copde 5 ot @l glp Sie 3 S plgsa Mg ol CleMbl g (S5 ($lsie e (el Saddod oSS
295 ookl JliwdgS sblio ) by )58 e S

SilwJde (i34 cd)LoT sl gy il gandy S L;l.hajl,

ok IS olgsa Wb Gl gl
Nasiri et al., ) Sg 0 adlis Lo (slapiumss]
Jolss 51 S (2023; Aznar-Sanchez et al., 2019
gl atawsS] Glodd g b JKis oSS we
Col b Slblie b b olblbe

doddo
5 035 b glio e oy I (o (033 0e
Jarjani et al., ) .S o maps 1) i laodls (g)lub
cblis 5 0y o a8 e @lpsl Jdsa b JSis (2019
Hlisl ials g lap dbun ¢ cunj goii baas (S 5 o ]


https://orcid.org/0000-0003-2996-552X
https://www.sid.ir/search/paper/%20%D9%86%D9%82%D8%B4%D9%87%20%D8%AD%D8%B3%D8%A7%D8%B3%DB%8C%D8%AA%20%D8%B2%D9%85%DB%8C%D9%86%20%D9%84%D8%BA%D8%B2%D8%B4/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D9%86%D9%82%D8%B4%D9%87%20%D8%AD%D8%B3%D8%A7%D8%B3%DB%8C%D8%AA%20%D8%B2%D9%85%DB%8C%D9%86%20%D9%84%D8%BA%D8%B2%D8%B4/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://doaj.org/toc/2676-4636
http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

55

o ayd gyl dlea Sl e Jole cutin g aishy
(b S ol b 4 (S0P wwd S
g0 ) odle 5l alol g oS a4 (S35 oulidipe;
clhais  anaig pelly bl )
YU sl U o8l ddib iy & ddlate (g pdyCamlus
.(Aditian et al., 2018) . (sanadb

;> (Donnini et al., 2017) .,Ken 5 (9o
@9y » Bobi 58U bl s g 4jes 4 gl
dabaie 93 (slaodls 5wty Wl jeis o losls aSd
5 =P slodlr) ale 5 (Lol sloosly) Jow
Al bodle il anie ol Ll I (Slings
28l i gl ol S8 ey 3y90 5 e
B33 3blis 4 bawsie oty ax)lo g Jrmg bl
slp e bawgle g 20510 Y3 WV 9 VA mpeie o (ol
SYDNEYAY o VADA o33 5 ond cawol odls o
Al e

Jlisl 5 (evisie Jols s sy lalllas bl
wilizeo 3blie ) Ll o0 & At o 03 0e) E 63
OUi @lio ygy0 (pizen Al 4wl (Solite ()35 ,50
Slgs o 318 slmodly Gl S cleMb] wilobs 45" sl
P Jolos J (S 298 Cgucne Lly cpl 5> (orlio )l
bl Jled ladSia )3 pogada (B33 £48 5
cely ojlsan o5 Cusl K> claosls Jpol pé il
Hayati ) 355 o gblio ol 5 SB glodg &l > ol
) olssa LS claosls aSus (et al., 2012
O (I plie Copte 3 (e (Sl wre )]
Olie pyoie deodls S0 (gow 3w gulS
Al Jlisay 58 s ke 5 all cladiie
oilPl Jele (IR bl S g5y 2 sjleosls
orzen g o] 3 ol (IS g pes laauie
S by der I ) e pAbgle ollus
.(Khetkeh et al., 2021) ¢!

Sblee b 2oy I odlitul & dxgs (ol cnly
lolid gl bl oldher bld L glate (o5
dwy d hioee) g9y b Mtee ladiy
Slaald 3blizs] (6ol punsly oo LISin (slaols
5 wole Glagby) I cpSope b @od ol )3 9
Flodd )y g By f SS9l 38> Sl
S (oS (pl 53 1% Jole cpiz Jilod g (ol )
S akold alox 5553 (mej €989 2 S50 9 wree Joloe
5 i Claogad (S5 wd )] daalsss,
2 ogly ol o w5 s 83 b (it e
by lojer ©yg0h mre Jolo pir Joow oS ol
oxd plol (B33 (o) £989 3 Ol (55 B @ 4?91
(34855 Cpl )3 1585 (gjlw e g (Lol slagsb) 5 edlizul ¥
b)) Jdos sl 38> slo e 5 )Ll slagty, S
O3 o) g8y p gl U g e lapate o
Sll e cals 4 kiod gygly opl sl ouds ool

WB)%L@)Wawd‘UQ‘M‘dw&zSMW
loodls &S5 b ol (Stusod 5 (B3dcme) £989 (s pdamlus L))

S olssa (o34 e ((Yaghoubzadeh et al., 2021)
5 O 429l ojlgen omb Clbbe (pste
Nasiri et al., ) cuwl 038" s b8 1y i cwwlu
Conl (Seoldghyse slrody J1 (S Ghjoe; (2022
Gl Jolgs Hebicos SliungS sblie ,5 e o
JS31 55 s g slodg €5 b 5 93 Sbxl
(Kouhpeima and Feiznia, 2019) cul olyen calisw
S Sy e aw ) Wb Sl b opizen
L S s el 5 wbiee Rl i ol
Jolis o358 pey 5500 slasel,, ((Huang et al., 2020
gl 9 5y 4 o5l Of (Sagll g O g6
Fazeli Shahrodi and Hosseini, ) Ll oo cuwl JKin
(2012

oo B Jed S R
283 ) e Wbl plo le 3 1y Syl
g anje Gpod ol Jl b slacls e dle )
5 e (Hayati et al., 2012) cul siojls (o0l lo;
51 ookl b dwgyy ,> (Nasiri et al., 2022) )\ Ken
b oand Capr s ol (B3me) p S5e Jalse
ML ol yondy adnlyl o JuS Lol «SK gg daosls
2038 plelid 1y (B3l 4 les sble (Sl
olpdlads Jlos gy ol bopsite (sabCyglyl
Pl (5 53dome siding Jols sbagyjy polul g plox]
ddbhio 3l Loy YIYY 5 Vo/A &S ob gl mbs s
221 (3lomes £y 4oLy (S g 2bj ks i e
4 (Raftnia et al., 2009) I,Ken g Licsl) (K> adllas
Py sad Al 9 L) ok EBy Jlo (o)
2 oge a5 W08 lgis g dBld g 39,05 sla K > )
o C.‘a.w 5l &Lé.'s')l cdlold Che i Ml L;]“.‘?‘-"J“"‘?“
Sl Jolse ¢ Sl g bod (wliiSK g dnanl ] aSs
9 Sl b b g8y » 2lwa U g
Jhs ganagy 4 (Hayati et al, 2012) .,
ol aSus shb o (0005 solatwl jolaieds i3 e
s (pl )3 Bl 3958 S cp)lee S > SR
odlasiol AHP (g il ajlse (s Canod] (pusd jolaioay
(koo 515 bg,) 0t 93 (s )lel Juo 1 oalistl b g 05
Ohen g B 035 dbre jlee o claddl (5
Cawlus obj,l 4 gladlas j» (Khan et al., 2019)
s > Slsld cund Jao 3l oalatal b 58 e las
der 5 lolss Lol adlis ol g sl sl
Sl by 5 )8 (bl Ca o (ol
il 2590 b33 e @5 > aalpl g o3l 5 JuS
9 i wdl> I ol a4 ob lis @L; wdS )8
b bslome; S @i ) Sibime b (wlidime;
S5l

5}59.\31 O?‘?"T ddbie ;3 ladlo Q‘)K«h 9 olﬁ;bnbl
sl sl eslawwl L u»)&]u,w) Epdamwlus dulie &
Eguan (opas 4Sud 5 Setucd (eS¢l Cond


http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

£y

wtﬁmu)w,wmuw‘dww&uw

i slaosls aSud L sblie cpl byl g (833 e
b e

lasd, 9 dlge
Lojsly sbopl  jod Vol yualy Gl ol
Colue b padcble 5 oJUS 5 xiyeyioghs YWY Colue
Cumgo o 5l el ddlate Casl mijeyieghS YAV
94y 0 I agl YA 4> ¥F 5 an 0 0+ oldles
Yo daB QY 540 Y5 9 Bd Job asli V¥ 5 ad80 YO
2 g Jed oy aib ¥F aads ¥V 5 an 0 Y& a4l
ods @ly yuely i e 0y8 Jlod (ohjle (bl )e
Mazandaran Population Statistics Yearbook, ) c.ul
IS5 S 5 ol (i 93 51 gl ol (2017
Sl ¥8ee b =YY 5l o) eyl s oS gyobody a8 )S
Juopd /Y b yoid Colue JS 51 Cunl yuiio byd pdaw
2 Gl ble 1) Moy A5 5 Sluass sbls |,
Mazandaran province research program, ) cuwlas 5

analysis of the state of natural resources and
CusBoo add Lwly cmed > .(environment, 2018

ol Clopuds digg > adlae 3y90 dilaio Sldlj3>

5590000 5600000

VEY /N oo /el Jlo jusol 09> e 4ol imgs

Ol &Sl 03 S8 (B (o) B9 p oo o
w28 56 1y BB eej s e Capde s Swotn
S e

(3855 Cpl )0 1 liee slaodls g gy sladidd oS g Y
Sl ol b iy gbadd 38 oSyl
ol ods o3l b6 Solul 5 clialie I srelcuwna
gl tS poai 4 5§38 s 4 Gpgly ol
QAT )3 (g SB35 03,5 SeS (b33 (e £989
s &l odd e (B3 (e 4 pelee bl
0L comles b gblie ololid b Gudod cpl oS
SO S PPN PO S P I S 7 RPRE S WY
gle Copde 3 b S (0 oS GhSmnenal 5 (Vg
o gy bama | cblis o bosls drwg ¢ IS0
Lad il i3 e 5 b alylus g acil awsl
(i cpl ol 5l s copre b)Kal, «l) -¥
dabaio 0 o33 ey st Copie (dlp cunlie b )Kal,
it 1l e ylSal, ) el ok &) adllas 3500
o) &89 slylus o Jlunl (ials )3 5 (bl
Xy )8 oslatul 3)90 lai 390 adlaie ;> 553

Sobi3) o) adlas 5 oy 5l (2lod B (S )5k 4
g8y Comlas b loaiy (ololid adlasd)se aidate

5610000 5620000 5630000 5640000 5650000
rois 7y . s L

ohywijlo olwl _ /

it

W aalyl
2

DEM
7 value
High : 3911
-
- Low : -26

0 425 85

ol ol lagani

o liwy) Susly

aasoly Ol g

4430000

4400000 4410000 4420000

4390000

4380000

.

el

5590000 SA00N00

5R10000 5R20000 SAIN00N SR4N00N SASONNN l

Bile sl 53 yunely (i yod Caumbge =V JSUS
Figure 1. Location of Ramsar city in Mazandaran province

9 =Wl e il G Ghalop dod (SIS 9095
s o515 b et atbie (B3 o oSTy
olgale o) V& cShgp I (alS ide g ol
23,5 edlatwl ol @yl 568 dilebw layee 50 A s
wd o )] ey Sl ) Gz Sl
Y 5l (baal] o515 5 KBSy cogby (bl
S5 alolw lae ;> DEMALOS PALSAR cSl3g 5
ArcMap ;3 55350 slalil 3l oolisiol b Lpw g ozl &)l
cus S cax b ilse Judgp (sloul el Camday
Joko o)) 5> gdaw a5 smd o L5 ke Hlade S ol
o 45" aad o i o led Ll aore YU Caousdy

Eyoge g e Conle 4 g b ol Gdss

ol el @) Slalllas g (B g I o) pdy90
€989 Endcumlus b gblie b5yl 4 35 A iag}y
GBS B 5 b peely i pped edgime )3 ([55xe;
o b3 ome; b (IS slaosls &b bl 5 50 Jolge
3y ol leMbl wlolo sl 5l oslitl |
Jeasly G gbgle plulid caa ol e VA
o) Jold &S gl sl @lio jope bl g g (2300e)
bl (gSs S1he 1 aAlold (ol s iced can
€8l owliime) «(BLS Gidgr wS15 eld)l ()b daw
Cogby oasls ool alol anly] S5 S


http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

FA

S8 s Taleg 5 s s 350 il 5530 130
s SOl b lasye XSy Jelge 5l Sopm il
& 0 ol 2 & LSy 2opd) S5 sblie Cos
(U933 W86 el JuSy dopd) ijd) w8l sble 4 (ool
5 dlee )l ol
FR=A/B (1) akayl,

G Glp S Jeles IS8 pior pelatess
OBgy Caemd )3 0uB)SS (o baylley I e
st s s lp Oened g 13,5 odlaiwl yimg
lolid Caa > Vb g o8 Jlad b sladoye (s )3 %
5 Ledld eyl Gy owe; IS5 5 853 @y
o 4 o (V Jgio) Byl opl 5l SO ja cuenl e
Oraeh @35 £ygla S Ml 5 3290 Cundg 4 a2 L
OWld)l5 ) g b slag)b @lia joy0 9 yn b
sy Cysod coles jo &S Cul 4B S pll yol oyl
oaY & (edns als e )3 .05 GIS Ly )y oMb
2 el st g cuenl an ) b canlize olayjy SleMb]
ol 4 obcuey Caa d9d e 03 uwlis doye bl
30 Sl oGl g badd (g S 4l daadls
)] U9 o3lel Lf’lfgl)» SleMb) oW b Pl LQ‘JJI 45—
sy byl Js can deads ol gjlessle]
O 4 Hhingee (gbaylixe dox] (0 )T edlaiwl Sligen
B ad) g (hhl (npeS ) S &S 005 (gaivay NS
F gl (rer 3l Ca o sl (55)] i gl
» s 9 9 Ab edlawwl Raster Calculator 3l
M5 G55 o3 by Episcaelen Wl Al
A0,8

S Gl 0oLl 350 Jdo i yliel oled gals o
g8y snhcwsle bl el glapl
3 8es yasis b ROC sove 1 odlatwl « o33 pee;
ol @l SPSS ;3 ROC iswio sl sl bl s (oomd
oo 9 Classify o Analyze o 3l wald dcgoso
omPLe &S Oygocpds 3,5 elaiwl Curve ROC
A0)5 (5)l8l> State Variable lge L oS @ i
ol polie L g malas V& 1) "State” yuie Hlade lunl
5,lg "Test Variable” Jlge b pasuie o 1) e
2 wlB)S (293 9035 Il ]y Jae «ales 53 g 03900
Wb yide (Goe pj gaw 42pa ROC (Sg)a o))
Gl puiio VU< /0 oy o) Gl &S Conl iy Je s
gh} 6‘/A - ’/ﬁ £U.H.C 6\, _’/ﬂ d._\»w ulf)}lodd
— /5 9 Jc.wy.c ofs — oY su9> /Y — </ ¢u9>
aayly wyp slaiedy Wil S &5l O] Slply s /0
ol s sl psite o (o5 b Slj (Kiwsed) Lhdpn
SO ore; boeddi andib gy sy
ol (618 b5yl pdlie Ly A (5185 b5, Terrain
L g oad SPSS l3sle s o 3y JuST bl & ygos
53Ul & cuws Linear Regression Iyl ;I ool
Olise cojlize (wlul Cped p daldlyy g didlyy  Stuson

WE)XLD’)A:»’WA”UQ:A:&‘J)‘J@MW

sloodls aSud b o (Stmed g (558005 £989 5 picamluc (L))

23 o Gl yho lade .l paie YU Cowds Jobo o] )
GBS b ks gy slodl ol i e
L TWE 58 o 556 gdaw ol 33 ol o g
@39 Slid ) Slg e (BS99 Cogb) jadld (len
2 Gy W6 &ly 2 g s dlf cogby Sl
LS o e LSBE 3 Ol e sy ojlul 5 CusBge
Jley 3 oslizal b (TWI) 315555 Cagboy sl
ks Ml 45 4ulxe DEM Y 5 SAGA-GIS
(Ol esBgSes SThe l alols osly I alold ¢ i )
Wbl (oulidime) Glojls jl qui ey (el S 5 Lo
{https://www.openstreetmap.org) c.w <oyl (pgl
)0 d¢>g0 L;l.mcbl? Q\}.yo _\Jb)f Apd L!»l.l.ésb.m OLojL»
Wb opimen Cuwl jaghST YAV g)lalSts lag b
o bl gt TEPM (o5 b9y ol 2 &5 3 Sl b
005 dpsle 3Lile il £330l 5 xnb aiblie JS
WSly o cledbl bwly b 0 00,5 agd ol
slodly 5 e by I ol b bl e
el Candts &)l J565 polial g sddicds (So,l

o) Jhe S8 @8 4ol @ b cunl S5 4 p5Y
ol (gla o il § Wb (50 Vo Ojg0ts (£135))
sbs! cdaw sl ca\_aslﬁ\ o o S (jeed
2 il casday el ) SlS s cagy 5 Eyend
5 o3l ) Alolh pgman ,%u5 (slaeito SSi5 2,08 b
i 13 boyell 1503 5 dnlyl 5l alols g, 51 alols
b 485 a0 gyt Ve Ojgods gy Al 4 S

ISy g 0 BB G (Stmed (s jglalods
eslizal 8 s Jlotsl Jao 5l G253 2 e Jols
bz Slshd Cans o gl oV Jsie) Cal o
Colus dop (alilis SleMbl claaibly ;) oslizl
9 om addlandyge adate > 3 286 5 o LIS
I delse sloatl I Sopn sl Sl Cons g
Colue doyd 4 (33 bla Colus doyd Cand ppudy
9 Cowy om0 duebre (B3 8 bl
Jolos (95 (o8 il Slib )3 by hiene) deyd
i sldie Jelge 4 drg b Clib 4 (23059 9 S
ol 3 (Y Jgia) Céndy ©ogo gdaw o515 9 Ml
ol & A iy polie elely Jalse (slaais
N3dleys g EXCEl Lz ;3 odly Judoo 4320 ¢ laail,s
i ploal (ArcMap)

S 3l Joil s TFR) gl s sy
ST aibge Slglp Comd |y oy ol 28 pie 4 oy
e Al ddhie G g odb £y slaiid e ol
Slold s By (B3 e) oy 53 e Jelge g S
o STl d9de (Byme g9y Jleinl plen Bl
O €989 Ol 55 S) bl A3k V5l 55 cus
VSl pSess 51 g anshs o g5y e Jelse b s
o lgld s dpmslieo (gl wanl 508 bl ol 2L
3 odlitnl b (pasuie (B33 0e) £989 2 oo Jolse Sl Su
5 S Sy sop il Cledbl lagiug


http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

54

wﬁ)xb)ijdlku(dﬁ&sww

VEY /Y olod [ema b Jlo jusol 059> Cayae 4ol imgs

ol 0)5 ol b yuxie 1 ol leMbl wyp oSl
383 yabay Syl Lo g adllan ISl liie & b,
Jood syl b Jbo e )3 9 48 00 w28 1) (65350
P o Oy Bl ibjly pye Jele
Slosselcwsd wls Copdie o liel  (goalS peudS

RO YOS W VS

Variance ) bl py5 Jole b 4 (Tolerance) Joso
S S Sl o 4?93:lf Ab ey (Inflation Factor
cupd 9 0§ e Wl byly ey Jole e Lo pie
A01h8 50 juste plod 1 0dg0 /Y L +/Y 5l S Joods
b Qg5 ) oy Jl ekl 35 &Bly 5 (gile S
Judow il s ublB g Solw Jdoay Gaiss ol )
5 baosly y3 lad alaily s ¢ Jitue giie cpiis U

39 059 b D83 (05 £98 9 plyamlun (sdalyy Can LBl (glaylne =) Jgio
Table 1. Selection criteria for zoning landslide susceptibility and probability by weight method

Sk 25 bl slre e 25 kol e
Sub-criteria Main Criterion Sub-criteria Main Criterion
&3 sl ed
Land use Dby 16515 5 58 Slope
S b oSl Land use and Vegetation Density oy sl
Vegetation Density Curvature Sy
B2y, o515 G Ole Topography
River density w8l 5 315,00 Slope direction
L 5 (S,b Hydrography and climate Sl S cugb,y yasls 5 ¢lis)
Rainfall and temperature Elevation and topographic moisture index
LS (e ool 5l alols ol
L(;zol(‘)‘g‘;/ S g o) Distance from roads I Rt
Sk Soil and land structure ol5548 I alols a??;se{rrjgtﬁg
Soil Distance from settlements
gaid o > i WSl 4 dog b 0gd o oasd Jolos Coy gl

YJ9.\>bL§;U@o¢§.\Jo)mawm)§élﬁ.\w);
o 5ty cpaly dilate (B33 e g 58G oliee e
(S e ‘&L"-j Fegy 5l alols «siglgd Jolos a4 bgiye
@ boye 55 586 olie (yieS 9 ol )l 9 Bk
izmed ool o3ly j) dlol 5 o car loyill
5V Jsi2) b » (¥ Joi2) o5 (2US pdn b (bl
Srd Jlad 9 3y 4 gy laaay (P IV cla S
oyl )0 d g e SYeb sy el 4Ll Judsay
4 Cowd Olo SYsb sy Gasady o el i
5 ¥ Jgi2) WS e wal yidin 03jlen dlge o3 slaatel>
Buba SlL ©jgoa pe; )8 9 (YUY oSl
oS il g clel jo ls s by Gl Bb 5 il
Gl 038 o) lp dxte bl baaieh by
EF 5 Sy sbSis I Se (S glassly
lopd VooVA ol Sladb (YUY b6 4 Y Jois)
£89 ) b oy cuspa Jalge )05 9 (Y Jgio)
il G5 e
stz 3 35290 slaosls 5 bl by ol 5 5
o5 3 by o g (P US3) ol 4 T
Sy ool oBaSs o dbdield od Awkin yui
Poe adlate gla 533 (e DS 4> (e JUl sla i
oy jl ol gl g dilate (SN LD (g ol
a8 e o i o)L 5l adb o 3 (Y Jads) delcasaas
oy i losd A3 o S il e b LB
J g sl ogSan dlaly gy Sy 23 S L )b
daly L) ol Gl 9 sl ()L S mjgi 05 )]
adlaio gl GBI L (aacnds )5 a2 gl g ()L
bylys 505 bl bl (ol 5 o AVl (55 lawgie
Om )l b g gl (Bl L (5 e 989 sl 5
bl s A5 slacws 9 Olela)l ) a9 00
Wb pud Ghy a0 S bl Gl g ol Cow

2 OB e sols ) Ll adlas )50 dilaie )
dolily wgSne bl &5 15 sanlie lolisy, Su3p
b9y xS B4 ) Jol @ls o) sgg gl I (58,5
Casdly cpl e 38 Y oled Jodo b Gile Sligee
Glogy 5l oo YO I aS Aol L slaasly o5 ol
Sloaly [olaidl dgvay |y oyjs oy yiadis

3 €] e s 3,90 > bllas (31 Jolo i
l"?‘*‘ SS9 @iipe Gblie o> (LS (553 (e 25,
Al S jlgg cnl )l

3o Ol B3 e Comlus 1 e Jolge Jilos
(i) (BUS Gide () d SBogg oS
5 S ol (BlSng (SSdFie slaghye
b L S g 5,l3y55 51 a2V Capanl 1 bl bglas
925 ORI L e b )] Aoty 9 S Sl
5 ols sbul b LalS ids S Cuglie LialS
oSis o by g5 b (ulidime; ool gl 5 65l
SBoclasiie i b SidSinke cbobe
2 B L (S5 e o5 w2 55 b S
Sl 5 ASng s b ol ) bat 5 S oy
o oy b bl &5 s oles el
i) oAl @l bS5 epp 58,50
Sphiasles 53 e Jelge a5 (F LY (sla )
Sop S Jaa 3 odlial | 1y aiate (slahiilmes
P b Caz S phOgll pas Jdsa o s e ol
2o & s Jale cpl b 0nd o3 labid e
I ospin ol & an Jole il a8 Lelgs
Sl Aol Jole sl ol olasd] s 1y (6,185 50
B S ptiy allan spge diain 3 a0 S
O Cudao I oS [ salols Jody a5 5yl 295
A i) boa b 5 cleldsy) ) 55 b
plo b duolio y3  @ia) pwes 0 Jole | v‘ 3‘14»&»—"—»%—’

1- Topographic wetness index

2- Erosion Potential Model

3- Frequency ratio models


http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

Wb)yb)wswd‘hw‘dwmwl«)

& laodle 485 b o (Siaan 5 (035d0me) £589 (6 pivcamlas b))

o 9 g on diald (g9 dlge B A5 ORI g B L S oS aade (LY ek w5 (Y Jg2)
33,5 o aaials (gL Sl yolaidl deday |y yie cpyidas dbj (g pdidens
Caoglie Lials el wil abj SB (gddea )51 doulis

440000 450000 460000 470000 480000 440000 450000 460000 470000 480000 440000 450000 460000 470000 480000
f L f i i L 1 1 L L L L L L L
. o 0 20
/ Em -"‘\
g g
g g
oS 51 Alols gl
= 5
PO s 'a e -§
I o - 280 g [Jz6--620 |2
B 290-670 | | B 301400 |
I ss0 - 1200 I 1500 - 2100
[ ] 1300 - 2000 I =200 - 2700
] 2100- 38001 §| [ J2800-3000 [§
i I 2 i I I T I £
il 0 5 10 20 L
I~ |\ ————
,
. L
e, o
7 3N &
4 g ]
r 2 g
‘I
-.\. f..n’ - - -
, i osl> jl alols
i § Aoy 2 '%
“e o o |8 g
4 [ 510 - 1100 ’ ty [J470-1100 | | B s ol |
I 1200 - 1700 ‘. o [ 1200 - 2100 [ eI
= [ 1800 - 2700 oy [T 2200- 3500 | [ [P
§ 2800 - 5300 2 -3soo-ssoo-§1 B sy e[S
T T T — T T
¥ 440000450000 460000470000 480000 " ¥ 4q000) 450000 460000470000 480000 S 440000 450000 460000 470000 480000 $

anlpl 5l alold g ool I alold ( ialud cowd (JuS 5l dlold glis)) bl slo )lno (ganail -V IS
Figure 2. Classification of the selection criteria of height, distance from the fault, slope, erosion, distance from the
road and distance

WGJ‘D 45000]0 46M0I0 47DODI0 48000.0 44000IO 4500(? 16000IO 47000:) QGI)ODI() MIX)DIO 45000.0 460m|0 47000‘0 48000:)
xmu il & o, r 20 E
- \
¢
g - A, L8
g1 N 2 [S g
8 ~ 4 g g
g > e
] 2V N I
']
T, 5 Aol b Sloul
&+ 0 Gt 3 F& <VALUE> -2
& _Jo-1100 g s |8
i [ 1200-2300 | | . B 0.087-0.16 B -14--048|
[ 2400 - 3700 o ‘} B 0.47- 025 I -0.47-0.32
~N ) A e
I 3800 - 5400 ~oat [ 0.26 - 0.36 [Jo33-12
- —
g- I 5500 - 8500 -§| A B 037-068 [ [J13-15 8
b — | T 1 T 3 i v i ir T 2 T T T s T g
At ® 20 FY o 5 10 20 2 B
KM ettt ¥,
P
1N AN 22 2
g C NG A g
L s
8 3 “, == L
profile_curve L s91,S9085 b
g <VALUE> -8 "; <VALUE> g
g W-esr (8 e s g
N Bl -16--05 | L & [s2-e7
I -0.49 - 0.47 ": M [ Jes-ss [ ] 960 - 1100
[Joas-18 1 ~g ‘} Pl ss-12 [ 1100 - 1200
&1 [J1o-14 Senell B -2 -2 I 1200 - 1300 [ £
3 T T T T T -3 T T T T T
¥ 440000 450000460000 470000 480000 ¥ 440000 450000 460000 470000 480000 © 440000 450000 460000 470000 480000 -

S8, F e 9 (915 5155 Cugloy (el ¢ (SW)L g j dlols ¢ BLS sy cpdaw (slsdl o] sla jlre (gabdd b -V JSUS
Figure 3. Classification of the selection criteria of surface curvature, vegetation, distance from the village, rainfall,
topographic humidity index and height profile


http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

\Al

olygy Loy des g s dll Lo s (6 pul&ST (i Lo

VX /Y ojlods /el Jlo jusul 055> o e asl jimg

4400(]10 450(]0l0 46(]0[)][) 47[)[)(].0 480000 44900I0 QSOUUID 4GDOUIU 47300I0 43000I0 anlu 45000:3 4GDODIO 47000ID 4300%0
L
10 20 . i -
Yo / EKM
o [=] g
£ rE N &
=4 & =)
2 f ]
§ 4 L =
2
2 2l 2
g g ?
= of
24 L L
- _— .A é
7 J KM
§ =1 ".‘ =
4 8N =
= g
g %l g
2
g4 -2 =
g =l g
2 . g g
= oalS] i =4 2
i | wabso L | “
I wsbso b
I sbse L
= =
=1 r =1 S
] g 2
@ w0000 450000 460000 470000 480000 g 4 X 4 X X g r T T T r 2
440000 450000460000 470000 480000 £ 440000 450000 460000 470000 480000 2

cooeldl 5 a3 (o5 (SIS Camn ¢ )] (615 s e c(nliiee dod D (o jline gl —F S5
Figure 4. Classification of the selection criteria of temperature, geology, Aspect, land use, landslide and climate type

ady Jod slrdiold p slaie oS xdiye sla iy oS
Sk ol ced S wdbie Gl sleess
h o8 yuw o dasle (B1)Sg)um 45w 392y g B
e 038 35 g Sl jydl Jlos slaaials 5 lives
Obbg 8 L el cpuly Gl S b,
9 JuS g g e YOre Sl (e Clels)l o alS
P dRe S g it Jool b glaosls (55 )],8
Jusisl > foa Julse ryiote IS5 5 el
ddoay ols &Sl ioren sl o slah S s
o);'.wf d}ﬁ.&o)’).l 9 Jl,a dLmef 3429 L ol),o.as sl cal
oS D oy ey Jleil g Glier (Y S
Gl 0390,5
O30 S pliCemlus iy g se b))

9 ROC otie jl o and il  suw jliel gly
o3latul (Sla b33l (penj 2o y3 Vo | (goxin ) o (e
LFR Jao ob ol gl 3,8 eolitwl (gjlw Jae 5o oid
At i Gy JsB B B> VP e i g
{Foslos Join) conl 03,5 1) 553 (3005 (5 sl
58y Cumlu Cundy | osal Candey (298 bl
oy odel Cawddy Colua Soyd cpyidir (533 (e
VIV 5:0ke L o8 abb (s pdpcamlis dbl 4 by
L oS (s o)y YWY (:0ke b bwgio adl o)
5 oyl o d VEIYE ke Lol dals ¥+ /YA 1 S0bo
ol 00y olaidl sgday |y ao)d VoY ol LS adb

03y it ¥ ojled Joi b Billae adlllaod,ga ailate >

Gl (d3)d Yo B 0) pSko b i & by yo oolcumday
GEFlomes My i Sl ladiel 5 (28 slaaial
Ll cllods Sy o) SHb b sloasals .casl S5k
bbb il ey (gdaie jLib amisyd g iy oo
A o)l (S aely 30 Coudyls 4 diuse (pl 29340y
Sk gy (SSng g cud wile il slajsie bug
9 u_bLf uw»y soM.—) L&w J‘ J‘}o ¢ L‘><.L‘>o cd)JJ%b?m
Jole oy > edalcwny @B gde SIS ops
ddhaic p Siog SPgu) & wmde ol (lidine;
gtk s 5 ooy sl Jf Baas adlas 390
S5 Sl g g8 5 Wil eloSin (e Ko dulo
5 oy S S aKi ol aSal & drg b g ol 0
3 g ool 0 St 3985 LB i ko g 28 soayY
@ g b (b0 o egdy S pdiamlas 4B cabab
09,5 Mz ) U5 Jeily 0 S5 clajlee Syl
P pdlie & dog b g (alod Al cplply Wload gaipadlo
3bj dawgio o8 (oS (LS (5 Comlus b adb b 4 )la
(F JSs) 4 ool o a0 (givaing 3L (i
J oS 0p g 3 Jod slaaisly & C8)5 aoni plgiee
oot 3 st 5 S il b oy 51 615,52 o
Ol s e Lg—laaw»ﬁ 5 Ml o (glools byl (gl
3 By Golio o] 3 b5 o o135 sl oy
o 5530 (o) E589 4 Camad 3b5 S plyumlus (gl ol
able ol 3 bl clbaSd ol oped s
g 08 Jooxlo (e g9 LI I 1y (o pdcanl oyl
JS8) epdicamlue iy Adl & wg | b Al
dgus oo oMbl cpuely b o (glaiely IS > olayg, (£


https://www.sid.ir/search/paper/%20%D9%86%D9%82%D8%B4%D9%87%20%D8%AD%D8%B3%D8%A7%D8%B3%DB%8C%D8%AA%20%D8%B2%D9%85%DB%8C%D9%86%20%D9%84%D8%BA%D8%B2%D8%B4/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D9%86%D9%82%D8%B4%D9%87%20%D8%AD%D8%B3%D8%A7%D8%B3%DB%8C%D8%AA%20%D8%B2%D9%85%DB%8C%D9%86%20%D9%84%D8%BA%D8%B2%D8%B4/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

Table 2. Ranking units below the criteria of the main variables
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Continue Table 2. Ranking units below the criteria of the main variables
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Dark gray to black limestone, marl, sandy (sl o395 mases guae 6“ b olyon oluw B 0y (62 i g 5] awlo g (5)lo Sal Sl Kiw 18 10480 103 0 0 0.00
shale with a thick mass member
Thick poly-mictic igneous rocK s.ses e S b (g S 19 198402 19.58 0 0 0.00
Gray to purplish volcanic rocks jls | 4 blo (St Slaais] gla Siw 20 4819 0.48 2 2.99 6.28
Dark gray to black glassy and tuffaceous rock_s wn_h alo b g_&,‘;l{ S L._a_t,m b oy g ymS B gylgl 3 g (6l 0jl08 slo K 21 89891 8.87 0 0 0.00
basaltic to intermediate composition
Latakrit and boehmitec..ss: 5 <o ,S5Y 22 238 0.02 0 0 0.00
Marine sedimentary rocks b ,> b awigs 23 18658 1.84 0 0 0.00
Young coastal sedimentary rocks s> Jols gla auigs 24 185 0.02 0 0 0.00
Old coastal sedimentary rocks a5 Jslbs sla auigs 25 867 0.09 0 0 0.00
Alluvium and rock debris 55, S g 0j)ls 26 363 0.04 0 0 0.00
0460 792610 78.23 65 97.01 1.24
. 470 -1.100 150416 14.85 2 2.99 0.20
b ol 1.200 - 2.100 43213 4.27 0 0 0.00
Distance from the road 2.200 - 3500 19307 1.91 0 0 0.00
3.600 — 5.800 7581 0.75 0 0 0.00
1.7-55 401033 39.58 26 38.81 0.98
S ug cask) 56-75 410825 40.54 30 44.78 1.10
TWI 76-11 161901 15.98 8 11.94 0.75
12 24 39584 391 3 4.48 1.15
0-10 129509 12.75 13 19.40 1.52
. 11 .20 243721 24.00 25 3731 1.55
e 21-29 284771 28.04 18 26.87 0.96
Slope 30-38 247998 24.42 9 13.43 0.55
39-72 109553 10.79 2 2.99 0.28
Flat,lyon 6078 0.60 0 0 0.00
“:‘" e North Jles 181131 17.84 12 17.91 1.00
spect
P Northeast 3,5 Jlos 175274 17.26 16 23.88 1.38
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Continue Table 2. Ranking units below the criteria of the main variables

kol sl yiate 1 o ylre 45 (sladsly (sanddy =Y Jado ol

East s 5 140921 13.88 14 20.90 151
Southeast 3,5 i 122147 12.03 1 16.42 1.37
Southegis 104354 10.28 3 4.48 0.44
Southwest ;¢ g 80689 7.95 2 2.99 0.38
Westo & 88936 8.76 4 5.97 0.68
Northwestoé Lo 116022 11.42 5 7.46 0.65
0-1100 586689 57.91 66 98.51 1.70
Nl 1200 — 2300 210594 20.79 0 0 0.00
. gy bl ) 2400 — 3700 122957 12.14 1 1.49 0.12
Distance from the village 3800 _ 5400 78990 7.80 0 0 0.00
5500 — 8500 13897 1.37 0 0 0.00
0-280 817130 80.65 55 82.09 1.02
Nl 290 — 670 149898 14.80 12 17.91 1.21
) Jus ) ololi 680 - 1,200 32059 3.16 0 0 0.00
Distance from the fault 1.200 — 2.000 10811 1.07 0 0 0.00
2.000 — 3.800 3229 0.32 0 0 0.00
-11--0.68
471596 46.44 28 41.79 0.90
YU & 5, ue Upwardly Convex
o) -0.67 - 0.52
g 47732 4.70 3 4.48 0.95
Surface curvature o Y & 9, 5 ase YL 4 9 Upwardly Convex to Upwardly Concave
0.53-15
e Yl 4 5, Upwardly Concave 496224 48.86 36 53.73 1.10
-14-0.83
YU 4 ) i Upwardly Convex 496253 48.87 34 50.75 1.04
&y sl -0.83-0.79
Profile curvature o Y & 9, b ame YL 4 9 Upwardly Convex to Upwardly Concave 25152 248 0 0 0.00
0.8-14
o Yl & 5, Upwardly Concave 494147 48.66 33 49.25 1.01
800 — 860 529714 52.16 1 1.49 0.03
S 870 — 950 177229 17.45 3 4.48 0.26
a 960 — 1100 116741 11.50 37 55.22 4.80
Precepitation 1100-1200 118529 11.67 25 37.31 3.20
1200-1300 73264 7.21 1 1.49 0.21

EVA

gormns™ (D 4 ege oo

6

D 663 (HOl
SIS et 5 e T € <oty (o Klgee

"n

(4 <

&


http://dx.doi.org/10.61186/jwmr.15.1.63
https://jwmr.sanru.ac.ir/article-1-1249-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-09-24 ]

[ DOI: 10.61186/jwmr.15.1.63 ]

Yo

w\ﬁ)ﬁu)w5wd‘&w‘dﬂ@5@iﬁw

VEY /Y olod /o3l Jlo jusol 059 e 4ol g

Table 3. ROC curve calculation output in the model

Je  ROC oo dulone (29,5 =V 0)lod Jgio

A8 (oslbra fiselol Juolgd
asymptotic confidence aa%

e i Colus . !
ailitadng %lne 0] P, oflose Cuenl a2y intervals
Area under the curve Standard deviation Degree of asymptotic significance T_JL, S PN
ower L
limit upper limit
NN ARYN AR <[O¥A oAy

a. The assumption of non-parametric data
b. Zero assumption: the accuracy of the area under the curve = 0.5

Table 4. Floor area in the final output

ool oot Saia o ot
o .- - : .. b
D= ey Colue Como o (545 .

S (295 olib (LSe) colue —F Joi>

Loy NSa/ o lue s
PERCENT AREA CLASS/HECTARE CLASS
20.79 15115.71374 very low o5 L
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Figure 6. The final map of landslide sensitivity potential
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