-~

\oF WA bl 5 jlae 1N ojlass /o2 Jlo 350l 0jg> Cy o doliing}y

il (b e 5 (535l ol oS

FRLIET gyl eaWiwl b (538 e 989 53 g0 Jelge gauglgl
(omams 130 —E134S" (49 51 (i (63,90 anlllan) Stuucd (o5

"aly olis] D900t o il Aome wiw ! (3 jlome (3 ¢ ool (G Tgud

(Bastamish22@gmail.com :Jgguwe odiuw ) iy oKl (¢ ld jusl it 1)) (ld)lS ggmtils -
Ly oD cCann j Lamo g (ams ilio 080D (gl 35l 09,5 Lokl -
T3) L",L..v‘)& d)ls)'.:.‘iq‘ ) Ljnu.]o EL}A Jf c)b‘ ‘d)‘b)'i.‘iql C,u"lm -¥
AVIEID i b pdy )b AFINNY el Fu )l
We BAY tdomo

XN T
2 Slalllas bt 103,13 ol pades 1 Slglyd o g Sl Syl w¥lo ormb 0,blke S lieas ol 13 538 e
2 ol pabiolial el (580 5l (MU Ohlud (I o Sl joliteds Mdo syl &Iy) g1y dinej (]
S dlemal 43 550 Jolgs (giuCaglgl ar Simcnd (ygmw 55 (5 5lol (g, 5 o3l b pdls (g3 (wlw! (o
Olludl g ailio (crmb bl o Jddds & Gl 3 i lond 3 domune )l 52— E15405 ol (o5 (99 31 (oS0 )3 dlwgm E989
gl S!Sl )3 GIS gil5 Jos! 51 g cyolite o 41 Consl 48135 Ml s (8 slomnt SBT3 (51,15 (Sl
W pasube diib g )3 By (lgls8 (350 Jelgs et 5l 9 85 jg0 O3S (59, wSutwd (ygum S ) U]
oyl (2505 b S Jole 0ad D] Jalgs dod (s 31 Situnsd (g5 5 53 093 £95 U1 S ool ol
S ad L owlid o) ¥ (gl )l Jole (S I (g b AU (15538 (e 3Ll 43 49558 (32 Siekee o(+/+ +)) Pr>LR
Pr> LR Jlaiol p3lo polaid b e iy (o81)) $ 258 9 $325 03 U0 (LS Giudyy ailidg; plgi ( B1)5 9195 Connbiye
Uy axllla 590 dilaie (W b330 cpmo £989 53 1y U cm s +/V 4% g o/ Ve oo XU co oY cofo el cafonY ofonY
EBy 3 2oy A0 lebl mhaw 3 Jolge plw g a0p> A1 Glseb! mhaw )3 adgl Jole Jloa (winpd A5 o0

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.11.4 ]

[ DOI: 10.29252/jwmr.10.19.154 |

0D diBLd e anllas 3590 dlate (W03 (e

Wl i OleWb! dilolu ¢ 10 38 (a0 5 «Spunndd (ygam )5 ) (SMICy gl 1 salS (S aojlg

So bl Ll e 3 sl lay8 0 B33 E959
e beyls b, slle der 4Ylo wdsl 350,
Srye 2 onl w9de Jreo5 59dS g A3 e 25k
Clasdy CuiS b LBy b glie (38 g &5 col
Egdge Coonl & a2y b plply (YF) Wods o3
cshhiblio g (S5slinsj £939 12 Fho Joloe cold
2 ool e e 9ps el s iy
ilize lagiyy 5 Saal oobj Cllae 131 slaan
5 b 1) OhlSen 5 (nle) (Stod (g3 Wle
Jinl Cos g Sstnad oS, ((FF) sppleoys
SI98) Sl ddio Lo ((PY) (hlSer 5 o)
Slllas 55 9 ((1F) ohlen 5 sb3]) 56 g, 5 (V)
soatedslen 4oLeS (3ble 1> il ol Kiimg}y Lawys
9 9Pl (B) (hlSen g 5 )9lS) Ghome) srnaig
Jolse sancagsl 5 (1) GhlSen 5 SO fF) olySen
W0 2y90 g ond ol hdowe; g8y 0 Fhe
b slaalllan )3 V) Jb g guls ialy (o > ilaid )15
Wile S plogdyge Jalgs (St (ygp )5y Jie 5l orlatl
Domes £989 > Jele n e Olgiea |y cud Jole
g Jlo bug o5 haghy > Graed Wdge (S
sy 4 Wlan " sl aling) oje 0 (FY) Jluge
cdy oxmli @t )5 Gjge Sincd oS,
ol g B g i 5 Stuerd g Sy Jao SV

EVRTS
Cuol d2lgo Slglyd ) lame Jiluwo b 0)lg0n Ll
GVl 5 dad OMSde 1l 5 S b b &S
Olio g (¥ Sl bao (b zome 5 ALIS g
(FY) Sodee gloa pulpw 3 )8 bggde 3
S (M) 0392 xSk (Pt 51 (S0 a3 e
5 Glaleyd 0 oo B ¢ Jld slanl bl (S plgea
3 flize Jelgs 5 (VA) ) (b slajlaleds Jsos
Gos 9 £9) SB Ll GleSi (ool Jud
(oud bl 5 car wud) SSns )l (Sk
Jolos (e Aozl £3Sa) SladSid (oo )
lopsie Grzpn Al (3305 ok £dy 0 e
g oidomes ewdd claghl sl Je s el
h o i85 3o bl > Slis sl gl
s b Shld 4 oo dlogs o5 (VSY) 1S e )
clballas Bk 50 e il Sl Sl
ek b 1o W ol (5530 0nnj cordplox]
Olizes jsSde L9y g o3 oluaidl 355 an ) (laa
(@SR (gipreln peh Seiind GhIP e
dagd Jb ) (adlll bly b i 5 (Sl e
SSns o ulyd bYsa glnl 5a8 (0F) el
obj sidei) 9 Blo o) clld (Sluas Lses
Sl @Yb Joily 1 odlil g (lid ) gotie balps

1- Balason


mailto:Bastamish22@gmail.com09900052162
http://dx.doi.org/10.29252/jwmr.10.19.154
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.11.4
http://jwmr.sanru.ac.ir/article-1-871-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.11.4 ]

[ DOI: 10.29252/jwmr.10.19.154 |

VOO

L sy, g 3lge
& Wl adlaio

5 olnl Gridled ) domeslia —Ehas
S5 o)l L sl Jlas g obaeS i 5 e
Sk ©ygoh 095 cnl Wby g Glrl ek 93 0850
29> 94y ULMS,; 5 Ql 4ol 9 OL“"P Jlews » Lsb
B )M9LS DD+ + v Dy uJLuuzL. 095 ¢ L:w)‘ ol
B oY o Jld (o, YA VO YD ¥ odgime
Il YIY Ly g ol 0l gBly (5,0 Job 51O
lilaze oyl ghas s9d e Jols |y oyl JS colus
g EbaS slaosS a5 (gilae 058 dLiy 93 b Canl SliwasS
3390l g EBVT (o liadS clanogS 5 Jlos 5> S i
Sly o5 audy 93 cul w3 GBS 5 2900 layed
Uil ddbhie gbsile  p5 s (VVA) Slond
D S N Y i ]
LpoglSiS ¢ es S dy bilo (closed (claSiwanle
oy Gl 85 035 Gly)S i oS s o
eusd il pleauies Wb i sy 4 oYL
ol 1553 5 bl poglSS wrid s jlo clacSal
aslllas 5yg0 dalaie > g )lubl (gly SYL sl 39
SlansS clalaie {588« wlisesy, o 5 (VF) 5
;du..'>l4 ujl)fyy 9 03¢ u‘9> cddlaio LS‘“’L"M’M) 9 Caw
ssb 3l wlidipme; slajldle b s (glakal,
ohsre Sl glasile 5 Silee | e ole
slasly (ol awb)s) By 5 (Vb Swwly))
—dgaie (5,5 iy el i ddlaie loleww
Al oo Eloas 03L8ly8 (2l 3)90m —loyed 5 (lasd
—ghas ol ey fo; il isw walllas opl 45 (FY)
)§39)) ;qub)ﬁ ‘?B)M )I u.’)‘lmu.o.mﬁ J.AL» ..\?uwo)]).m
o533 e slolcan] 43,5 5 anlllas 3590 SIS L5
do s> plojlo g (oolidipe) glojle bwg oad o
€99y slp dilaio ()9 Ao S g 5948 ()15l 5 &y
Giucaglyl 5 ololis cuenl Sili8l cel oy ol
b SWllas plol L 4 0ud (b 313l 0 30 Jolge
chbbe 5l ey JB ol Ol oo Sl
> galS ]y o3l g4bg 5l Jol

WA liasli g 5lee /A ojles /o2d Jlo uul 0555 o pe dolitinghy

Ololose 92 (D3l oy Hlad 4l s sl |y by
ojp> > b )bl S (wyn 3 (M) e 4
saY 5 o350 odlawl SINMA - Juo I (s3lle CISY
e 93 plys 4 ]y SBglal jadls o g)lul asls
Sl Sl Jaa @ Ll )8 (iloand p 38,36
2 d0F) Ko 5 owldyg lawgs a5 laalllas j> .58
CES Sygo oeld gyl edlil b s Jlad
cwd ) lidipe; (o2l )l Gemen (alse
Olysd (Bl by adld 5 aly, ly jasls
(V+) ohler 5 olygougd 05 (Bpme e Joloe (05350
dy90 ddlaie ) odltwl 3y50 (gylol b9y (sladlles > 58
YL 8> oty |y (B3ime; (ganaig jolateds adlllae
5 o bawgi ond plol (imggy 5o k00l3)8 gl 5,90
SAdigy «Swcd g )S) 5l ool L (YY) (gl
ool 45 plsl SBLlg) 0l 05 p0 Ssdones s
oy &lye y> adbate (B33 iy oyt li] @l
9039 (35195 95 Bgjgim Nilo 13 g lawgie @lye geitl
EPy » e iee Olgea ool )8 Jele
43,5 (Byna adhaio (glash3l

@ g by dej cpl ) Giaoh Blow soe bW
pae Jsas (33dmes J) 8 chlus I 5l &5yl
Clo (SeSums gblie By ) mowo Jyol cule)
pei cblosol D939 4 6 5 Sluwl 5 baoly cilis! dasw
solSuws sl Bilome; 4 e Gble calis
Ehas (ulidone; 09) (V1) 2 ol Cueal (2l
SE gy (lidom) pleble Jdoa o Some e
ot oyme 3 syl oSl belge ple g adlate
e &y 295 b (VF) 3yl 518 (hiene) g8y VL
S99 pAs Jo 9 (P3lme) £y 4 adlllan 3)90 diaie (39,
&89 » Foe Jolss sancagyl 5 plolis San b clallas
b ebgiagn pbol adlas 5)50 adlaie )3 oy (ol
Gldlas b o iaghy cpl 50 Db o duog HSde lial
eyl 3 EDAST g5 5l (g Ay g 485 g0 gol>
Do) ey » S spadls 5 Jelse I o)k
4 S g5y )lel (hyy Sl el Ly ang
Cawl ods anby byl sancogyl o Jolose ol (owyp
Sye slysSh sus blbd 5 adlae ol &l e
il e 65l s Slllas sy s 5 o3litl


http://dx.doi.org/10.29252/jwmr.10.19.154
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.11.4
http://jwmr.sanru.ac.ir/article-1-871-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.11.4 ]

[ DOI: 10.29252/jwmr.10.19.154 |

\I%d Stud gm0,y gy 3l 03l b (b33 cyme; 989 ) e Jelge (1ol

58°40'0"E 59°0'0"E 59°20'0"E 59°40'0"E 60°0'0"E z IVUUTE EZALC AU SYYUUTE 61V0'UE
. 5 L H A £ L f A L . 1
'E} 3/ " s N z
:l: = | &l 4_‘.‘" 9 Aty | &
z E & w el
1S a S
=3 & @
>
N
& z - =
” =
gz z
s 2 =3
z g £
£ & &
g 4 Lol
g . z L
“ anl £
254 =
—b54 bLE gr= z
=4 =3
- | oo ersn L < S
SIMrira:pe 2 b 9
2
g . z i
3| A s 2 ) g 00
T T u T T 5 3 ;
58°20'0"E 58°40'0"E 59°0'0"E 59°20'0"E 59°40'0"E = GIOWE
w
vVsE TV VVSFI ‘Héty e
‘!Q*
83550 ol we3
vysemm | YVPFI YASFIT vVsE I Oy — T 383
ol G 9 V%o (19
YATUAV: | VaARE varrIv | vasra
i N
'V
VASY I vasy m vasy I e &
g ‘L!\.
. . ® 0 ;e & . g & o . A . . ” e
(3855 ) ool )90 ujl)Syy Vildowoo ,_SLMSX o)lm.: 9 adllas 390 aslaio t.s"ul)""’ u,;.e?o—\ wa:

Figure 1.Geographical location of the study area sheet number 1: 50000 topography used in the research
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1- Topographic Position Index (TPI)
4- Normalized Difference Vegetation Index (NDV1)
7- Plan Curvature

10- Landsat

13- Terrain Analysis System

2- Sediment Transport Index (STI)

5- Stream Power Index (SPI)
8- Profile Curvature9- Harmonized World Soil Database
11- Multi Spectral Scanner
14- Compound Topographic Index (CTI)

3- Topographic Wetness Index (TWI)
6- Roughness Index

12- Annulus
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Table 1. Land Form Classification based on TPI (75)

WAA i 5 Jlas VR o)lod [ Jlo sl 0js> o pute dsliingly

Logas 9 S Ghlop I Jols Sl 5 S Cogb,
sanlp gy SdlSay S oms e
dlne o dlasly 51y (V) 39 odliiel (Sojglg)an
(DY) 25,8 o
TWI = In(Astanp) (v)
okals B ol 0o ohg Colue AS 5gd dlal, )3 o
)Oul o)9> 4.»9]0) ua>L.u TWI 9 4> s>y W»
Al e
43&.59) 0'5.9 ua&l.w
Ol 5 pgt ple; e extmd s yasls ol
9 s & ply pn pasls o)l UK”IQA‘.; (Y)
9 0)49 wuL»)B c(..\.\J 9 l)iuz’ d]o‘wo) JJ)b [ERL O u.wl.o.o
byl als b ble) B e gyes & (2l )0
(FF) A8 oo (i |y 0329 wogwy (0l
SPI = As/tanf3 ()
gty Joo ot
w28 daly ool g wed e (L ) by (Sl
2335 (o0 dplns
As 0.6, 5B \1.3 ¥
STI- (22.13) (0.0896) ( )
Soke 4l g gy Joo asls ST dlaly oyl o o
o sSie Jio & tcud TAUSLE Jus LS Jele
(F0) w3l o TS lils Sles aoles 003 Mo
(FA)TPI Lobl s bop i) cinditls =\ Jgi

TPI jlase p M) £g5 Olapogs
=\<TPI Canyons, DeeplylIncisedStraems u,l)j
-\<TPI<), Slope<a°® Plains by
- \<TPI<\ , Slope=>0° Open Slopes 3 sloced
TPI>) MountainTops, High Ridges 058 Al (xiipo sla Jb

o analy pite oy So goby Jlonl) Pyl sl
Ko Sypo p osiie Wl 3 dwly ke lsiea
OSSN Sogo ) 5038 Cund Join mis @l )l oSS
oyl 3 45 WS o oy (D) laber 93 wj55 & 5
S gloyiie )l (s S5 Su P sl gsdy Sl
S sl psie 58y Jlonl (gly (Al mlg bl
slodie cyie J (S0 Setucd (gmeyS) 45 200 292
25 daly @lhe o] dolee g 039 (GuS5eS g () lie
_exp(BX) (v)
P= 1+ exp(BX)
b culpd g) bpiite Jl (ad oS5 B X358 daly
G Jse 5, bl J () wilie (lay]

Swimd (ygamw )5y Jo (512
Jie 0 &8 oYL Ul ot «Siwod o))
Sl yiie jl (lacgerme (pgwed dluly glajsie 38
‘a)b’wf;; Sl ysio g (glawd Mo gl ypsie ( oawgd
slel gladse (S Jae opl g 03 30,55l
35?9» Lgl.m:b U»L»I » LS'\*-’A*QH d‘)ﬂ" V-@? ;,w\.;.n
pie b g5y Sstud (igew Sy Jio @ly 3 (V) 2iboe
oo by Bl g 4l sy S0 L) b jsie £98
09)5 3 skt Gigw Sy Wilo St 905 leiee
dlg) S Jlo 90 & 3 GLM sla e
(s )3 30 bl o a8 olayuiie 5l sldsgemee
a8 S o Cuxs (O, N ad x5e5 b 5l dtunly jusio
Swad g Sy 3 bl e (S sl yaie s b L

1- Tangential 2- Length and Slope 3- Adapted Universal Soil Loss Equation
4- Universal SoilLoss Equation 5- Land Form 6-Generalized Linear Models
7- Binomial
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Figure 2. Standardized coefficients in logistic regression model
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Figure 3. soil classes map of case study

1- Loam

2- Clay Loam
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Figure 5. Elevation classes map of case study
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Figure 6. Plot of frequency percentage of landslide points in altitude classes
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Figure 7. Geology unit map of case study
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Abstract

Landslideeventin Iran, as a natural hazard, causes a lot of mortal and financial losses
annually. Thus, the comprehensive researches are necessary to provide useful solution for
preventing and reducing the damages caused by landslide events. Accordingly, the present study
uses a logistic regression approach whit the aim of prioritizing the factors affecting the
occurrence of landslides in a part of KopetDagh-HezarMasjed zone, in North-East of Iran. In
this work, after applying the GIS functions on each initial information layer,the logistic
regression analysis was performed to identify the effective factors, and then the frequency of
landslides in each class was determined. Based on the results of Type Il analysis, among all
selected factors, soil factor with the lowest value of Pr>LR ratio (0.001) was identified as the
most important driving force in landslide happening. After that, altitude, lithology, Topographic
Position Index (TPI), Stream Power Index (SPI),Normalized Difference Vegetation Index
(NDVI), roughness index and landuse, with the Pr>LR values 0f0.002, 0.003, 0.004, 0.032,
0.037, 0.100, and 0.109,had the most impact on the occurrence of landslides in the study area,
respectively. Four initial factors at the 99% confidence level and other factors at 95%
confidence level were effective in landslide occurrence in the study area.
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