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Objective: This study uses the Landslide Nominal Risk Factor (LNRF) model within a
Geographic Information System (GIS) framework to investigate the factors influencing
landslide occurrence and provide a spatial analysis of rural settlements. The study area is
located in the southern part of Hamadan Province, within Nahavand County. Geologically,
it lies across the Sanandaj—Sirjan and Zagros imbricated zones.

Method: The research began with field surveys and a review of library and documentary
sources to identify landslide events in the region. A total of 42 landslides were documented
and analysed. Subsequently, maps of environmental factors, including lithology, climate,
tectonic structures, slope, slope aspect and land use, were prepared. Each factor was
overlain with the distribution of documented landslides to assess the relationship between
environmental conditions and landslide occurrence. To zonate the landslide hazard, the
LNRF model was employed, integrating six key environmental factors: lithology, land use,
rainfall, distance from major tectonic faults, slope and slope aspect. The hazard map was
then classified into three categories: low, moderate and high risk.

Results: The 42 identified landslides were used to validate the model by calculating the
nominal risk factor for each parameter. The resulting hazard map showed that around 24%
of the study area was in the high-risk zone. Within this zone, 34 rural settlements are
directly exposed to landslide hazards. The high-risk areas are primarily concentrated on the
northern slopes of Garin Mountain. These slopes are characterised by gradients of 15-30
per cent, unconsolidated and landslide-prone surface deposits (mainly clay), proximity to
springs and drainage networks, and closeness to structural features such as faults. These
factors collectively increase the terrain's susceptibility to slope failure.

Conclusions: The results indicate a strong correlation between the locations of past
landslide events and the high-potential zones on the hazard map. This confirms the
effectiveness of the LNRF model in landslide susceptibility assessment when applied
within a GIS framework. Furthermore, the findings emphasise the vulnerability of rural
settlements located in hazardous areas, highlighting the importance of land use planning
and risk management strategies to mitigate potential losses.
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Introduction
This study investigates the factors influencing landslide occurrence and conducts a spatial

analysis of rural settlements using the Landslide Nominal Risk Factor (LNRF) model within a
Geographic Information System (GIS) framework. The study area is located in the southern
part of Hamadan Province, within Nahavand County, and lies geologically within the
Sanandaj—Sirjan and Zagros thrust zones.

Firstly, historical landslide events in Nahavand County were examined through field
surveys and a review of library and archival sources. This resulted in the identification and
analysis of 42 landslides. Subsequently, environmental factor maps were prepared, including
those for lithology, climate, tectonics, slope gradient, slope aspect and land use. Each
environmental factor was then overlaid with the identified landslides and a spatial analysis
was conducted to evaluate the relationship between these factors and landslide occurrences.

To create a landslide hazard zonation map, the LNRF model was applied in GIS,
integrating six key environmental variables: lithology, land use, rainfall, proximity to major
tectonic faults, slope gradient and slope aspect. This generated a landslide hazard zonation
map, classifying the area into three hazard levels: low, moderate, and high The 42 identified
landslides were evaluated using an index called the Landslide Nominal Risk Factor (LNRF).
This index was calculated for each contributing factor and was used for zonation purposes.

The model results indicate that 24% of the study area and 34 rural settlements fall within
the high-risk zone. These are primarily located on the northern slopes of Garin Mountain.
This area is characterised by slopes ranging from 15% to 30%, landslide-prone surface
sediments (mainly clay) and proximity to springs, drainage networks and structural features
and faults. The findings also confirm that areas identified as high-risk on the hazard zonation
map correspond well with the locations of actual landslide occurrences.

This study examines the factors influencing landslide occurrence and conducts a spatial
analysis of rural settlements using the LNRF model within a GIS framework. The study area
is located in the southern part of Hamadan Province, within Nahavand County, and lies
geologically within the Sanandaj—Sirjan and Zagros Thrust Zones.

Initially, historical landslide events in the region were identified and analysed based on
field surveys and a review of library and documentary sources. This resulted in the
recognition of 42 landslide incidents. Subsequently, environmental factor maps were
prepared, including those showing lithology, climate, tectonics, slope gradient, slope aspect
and land use. These factors were then overlaid with landslide locations and their spatial
relationships analysed.

A landslide hazard zonation map was then produced using the LNRF model and GIS,
integrating six key environmental variables: lithology, land use, rainfall, distance from major
tectonic faults, slope gradient and slope aspect. The resulting hazard zonation map categorised
the area into three risk levels: low, moderate and high. The identified landslides were
evaluated using the LNRF index, which was calculated for each contributing factor.
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The results show that around 24 per cent of the study area and 34 rural settlements are in
the high-risk zone, mainly on the northern slopes of Garin Mountain. These areas are
characterised by slopes ranging from 15% to 30%, sensitive surface sediments (mainly clay),
proximity to springs and drainage paths, and closeness to structural features and faults. The
findings also show a strong correspondence between the zones with the highest potential for
landslides on the hazard map and the actual locations of observed landslides.

Method
This research adopts an analytical-descriptive and technical approach to assess landslide

susceptibility using the Landslide Nominal Risk Factor (LNRF) model within a Geographic
Information System (GIS). The study area in Nahavand County was zoned based on selected
environmental factors, and the vulnerability of rural settlements was evaluated through spatial
overlay analysis and supplementary field surveys.

Multiple environmental datasets, including geological maps, slope and aspect information,
land use, rainfall data, satellite imagery, aerial photographs and field observations, were
compiled and analysed. Key factors such as lithology, distance from faults, slope gradient and
slope aspect were examined in relation to the spatial distribution of recorded landslides using
ArcGIS, allowing the identification of areas prone to slope instability.

The LNRF model (Gupta and Joshi) provides a statistical framework to quantify the
relationship between landslide occurrence and individual environmental factors. LNRF values
were calculated for each factor and classified into three hazard classes: low, moderate and
high. Values greater than one indicate higher-than-average landslide susceptibility, while
values less than one represent relatively stable conditions. Integrating these values within the
GIS environment enabled the production of a landslide hazard zonation map.

For final hazard mapping, the LNRF classes were assigned weights and combined through
a grid-based overlay technique. Weighted layers of all environmental factors were summed to
calculate cumulative hazard values for each grid cell. Areas with higher cumulative weights
represent zones of greater landslide susceptibility, providing a clear basis for identifying high-
risk rural settlements and supporting land-use planning, risk mitigation and disaster
management strategies.

Results
According to the findings, 24 per cent of the study area and 34 rural settlements are located in

high-risk zones. These areas are primarily concentrated on the northern slopes of Garin
Mountain and are characterised by slopes ranging between 15% and 30%, highly sensitive
surface sediments (mainly clay), proximity to springs and drainage networks, and closeness to
structural features and faults.

Conclusions
The results indicate that the zones with the highest potential for landslides on the landslide

hazard map align closely with the actual locations of past landslide events. Amongst the
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geological formations, undivided conglomerates interbedded with marl layers are more
susceptible to landslides than other formations in the region. Furthermore, areas located less
than 100 metres from tectonic structures, slopes with an incline of between 12% and 30%, and
north-facing slopes are more unstable and at a higher risk of landslides.

Author Contributions

The author contributed to the conceptualization of the article and the writing of the original
and subsequent drafts.

Data Availability Statement
Not applicable

Acknowledgements
Not applicable

Ethical considerations

The author avoided data fabrication, falsification, plagiarism, and misconduct.

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 authors declare no conflict of interest


http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

03l g (3w g 5 (SO oS (5 s ILL (ILAS Julos g v 3T om0 ) E 989 Yl (suiudig)
LNRF Joo b wiglgs

D g S0 ST Sl

sarmadi232003@yah00.com :4ebbl, .yl ! ¢l o5 ¢ rmbs golow 0uSiing sy« pliwgy drwgl ilalllas 3710 09,5 ¢ o1 po ¢ Joiumo oM g5 .Y

oM o SNt
S ojbjee gy slolSngis (plad Ll o (S3300me) £589 2 S olse on 4 G (] 1D s g
35l adlllaedjge 0dgamte Cuwl ok 483,54 Slls leMbl wiwww ol b (LNRF) Juo o 5 g3, s

Ol gt (19) 93 53 (olidine) 351 g Sgld b el 3 hen Gl Gz 3 6yl el Sloguds
sl o gl oxl)9) (10515 5

(Moo Slalllas olul 51 Ggles sy 53 o hsaline; dus) Bilgw (p 4 bl )3 18R93 (W9,
05 oloe Bt s 33,8 b5 5 ololid a5 FY 4 03 atbly (bl slisl )y
Jelse 51 S pp b 4 (B )l g aely i Cae g b (Sl @il (Siolsd Jold (Jae
Sopp 3 03y il oS g ey n g 48 03 Sligee edbg, e Biie; b (e (e
Jodlael LLNRF Juo 5l b 533 eyl (sanaing sl gy ool 2 a8 a8l (ame oy Jolse ]
s jlalols (ol (oSl sl (eulis Sz ol Jaes (aj Jole (25 3l L GIS lj8le 5
S s digg NS Aw ) (Bilime) slad andlyy 4dB laaaly Cod Cge g Aleh cud e SHESS
Jbinl )90 oo plye cod padli b oad lulid (553 ¥V olas jogas (ol 53 8 and b g Lawgie
b ssdomes > Jdd elos Sl Sy pm el e ol 05 )J3SEL (LNRF) glails IS > g8y jlas
L85 Lygo (shdigy g dmle

3 by olE5eSu ¥F 5 Sldllas 03gd5e o> YF a8 amd o plis Jae jl odelcundas (slaasil, :aidl
o> Yo UV oo e s a8 ()5 liwnsS  Jlos (gladiels 4 dgaxe baos a5 3 )18 ol Jlas i
5 Lo Lo loe & S35 5 syl g loacia 4 (So5 ) 4 () Bane) s (o Sl
At b S

s Hor; g5y e b jhs gana 4di ) Vb el b gblie o s oo oLt gl 1 o d
Sl casllas edlog,

VeX/ev/eY iedl s &6
VYIN/YO 18,5050 &)U
DR 7RAVALE RV SR O TN}

VEE/ VY 3 Wi gy

o jlgads’
IR
(SARdy
by olSgSs
GIS

LNRF
gl

LNRF Jao b 335les gl e (abiwgy sloolRigSir (5)lubl (bad o 5 (25800mej g5 sl gty (VF+F) 8T (e £ (g0 U]
https://doi.org/10.22034/44.191.77 AS-YY (V) FF by, Lo g 5Sue

06
A B2y ©

s Zlgu 0S0in gy 1yl



https://doi.org/10.22034/44.191.77
http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo YA

donio
Ol ilisee bl 3 dllopn o s (b glsw | (o5 g (slatelsy sl 5l (08 e ofag slodys IS >
Seelipdshyge sloossy Aol o iidime; Wpslie Sk & 2B Jasmecunj 5 Jbo (Sl Chls 5 smd e g
ADEdini & ) sSgu e g5y 4 ciliee JI1 3 g cilisen sladials mdaw » Lilixo Joloe b cow 4 Attun
5 5 ohist b o g b Shlud Cage dloden & Wi b Slblie desjl b3 (Fathi, 2018
yobds |y (65998550 SliwdsS bl o des SUjlas cunle cle & 533 e; ((Hejazi et al., 2018) >4 o  SliwdrsS
Dorishi & Mousavi ) &S o 3yl g (555LiS (a0 (slrodls ¢ SoSiuwo blio & sdas S )lud 5 155 0 o2y (SLSU
65590 olow a4 s Jlo g Sl lals a5l glodgs S > 5 4538 e ¢ amb golow ol 3 4> )5 (Nedoushan, 2023
Lo 25 es oha9t (Slodg Sl > g8y JSasS lde 5 (ol (2l )3 Ll )l (6168 (A 5 a2 A5 (g2
2948 9 Ol ) Sl Sl g Shlud o i dlj g Jew ol jlam g el 4 6y5bots A3l wre 9 29 BB Hl Sl oo
.(@bdinezhad et al., 2023) cuol o33 e 51 (56 o)l

b Olad Y3 gedee VIO ol VADV-OY he; (b )3 bl 3 00l (M 5 SS3Imer Jleglyiea
b 2lesl e Sy e > Sl S aSogte cygrkee Y8 3 ) 5 35 VASY Jlw 4 (Shariat Jafari, 1996)
Syo a9 03,5 dylg Gjlud Cawd (il cloolKissSw @ s Ul (b3S 5l o zlael cpl 5,8 sl 1) jie Voo glas)
(Shariat Jafari, 1996) . ,a ¥+«

Joloe 5l (U nl oS cwsl b Bzl e g Slodg <8y b basipe Jluwe 153 oS ol (i dloal 55 ol 598
sl 03l &5 S 4y ol 3 i) 5 s Wil g b low (B sl aslil g (SIS g5 (B e
1 S gliagy S3omes 85 1) 4 Ver dgde ple oS Gl WYER b)) ej i) (o (S bt (sla bl
g 45 (gt ddied (gl 065 )lgl 15 slee ol b Kop0 WYY Sl olegnajg b 50 (63l g Jlrs Jlaz il ) S5yns
(Hamshahri Newspaper, 2012) 1.5 )ls,58 g, o coals ;3 asile LSl jI S 55,0

255 gy o ol denjl oS S laglinl I Sy 0 ke s Je Joag 5 GUS 2 egdle
01958 Doy Ol 3 (2ldesme S sy Gl blgyes (lpgd ) 0l Sy (ks s G ud
ool 4ty Juid 4 1) (g BB lazecis 5 (Jlo Cllud oS dlugy g9 4 L5 (938 el LiSe slalieg,

Slodg oS > 59 dxtae 3bls I (S (BLBe) 9 (b Sl Shg 2l CuBye S 4 adllasd g adaie
(ples (law il udy ls)lgenl 929 (05T G508 9 (bbb Cusl Wb ofg:
OB ol & (con g Gl JuS 0y o)1 gpalpe JuS igles JuS) Sl (sladuS 3929 9 sid0j) YL Oy
Aloys asgs cpl 0 b oid e £685 il YU ddlaie (pl 0 (glodgy WIS > £98g dlasinl a5 ol cely anl > as gy LB
03 cizlyg (slaliung) Alozj) ol (clooliigSs o il sigles (bli)l pmo (0 (25 Slogme; 4 2P B )l
S (0 O)lgeg > [ 9 e

s g SB haled (G35 dine g S5 sling) CunsVl 0 o] B a2y gl S0 )b )
S g GhiEoms e 2 omeR 5 e il b Mz 9 (henl 4ol ul 3 s ea] 3 (g,
ol ] osinl 3 amacanj g (Jo (b Shlud (03005 B sl oo adse ol 3 £58y jlad aigg da o g8y LYo cglodgs
a2 3 o gy il 3 3,8 ) o IS 53 (VY Tl 5 i 1S3l )3 [, LNRF e (188+) ' g g LusS
230j9 4 phl (GIS) oldle CleMbl g J1j3le s b LNRF (3o, 1 oslinal b (35dene) €589 2 S50 Jolse

1. Gopata & Joshi
2. Fanyu


http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

VA S (G0 g | oot Linwg g (G Lo0 9K (5 )My G U (1 LS Jdri' 5 (558 e j £955 pas (sbivdigy

W33)S (B ime) slad (sauainy e 9 Y
by Sl ekl b 55 0y Sill 0jen 3 (Bidome) sl sanaig 4 clmgh > (V) Ohlen g ooy
(Ju Sl alols it car wud Jold (S5 589 » f5e Jelos Sieoly ol o i3y AHP s FAHP LNRF
e ablS LNRF s a5 im0 o ol 3o gults ol 00 48,8 15,5 aols o 4iBdg, 5l alols (osl)) (6,08

sl 1oy sy Gl 1 50 gy 93 b dulie 3 9 3> adgx (sl (9>

@l 4 g 2zl LNRF o 5 olitsl b sl 05 55 (sliels @l o jlas catiatgy a (Y+)1) sley o ool
W LLNRF Jao jl ool b (558 ome) slas siaigy & (VVF) ollSer 5 splo bidp; pogad cnl ) (ool
5 5 b oy Jhe | Jobs i5iime st (cabdiny add 48 amd e LS sdelcindd s sy el)b
g Cumdinyd i (Bislime; (Jae Clible Comlua (oLaS Jlou g (oanae? Olgis b piagg 53 (VIA) (et
SRS Sl g cad o) i (83005 E989 3 Jale (p Finaes ey o pl 4 (s S VY bl > e
sl (015

sy Slogaus 3531 5 Lo Sy e die 0 Sl Ko Wlgi oo ol s 005 25 5 (w05 Copolin A a5
O Gly (o3 cme; Cumlus g jlad laddd deng cuiycplas (Abedini et al., 2014) ail o bl (pl b ablis
{Martha et al., 2013) cusl (595 o o (3Ll elainl bl BT (2alS” g assalme ol jlassl (g Juuilsy
c\:JUao:)g.o acks u:.é,o
1 byt ol ol 08 gl o (5 4idy YE VWV B YYT00 g 5y Job 4ids FAYY b AR fyn Wales b o
Gyb 5l liw o ol sl oad gBly laen liwl Ggis 3 aS Canl 45 S 50l laasgs 5l (SO OlwllS 3 0l ases
9 09K Gl 4 ) g e liwyadd 4 38 G pumgs llaed 4 Jlod )b il i peed 4 o>
(Y 9V ela JS5) 24 oo Dgione diuo

3620000
T
3620000

3800000

3760000

Olted w53 Wigled (ylimw poead CopnBge T JSS 025 OlsS 55 (o33 dald ) UK
B3 iy y
S LLNRF ) 5l 3uos ol )3 ol (S6S5 g (iwogim(lelod (o8 o 48)5 )5 4 udos ol ) & (o3
by 039450 (sduding & LNRF 5o, il oolatnl b yidghy cpl o Cowl o ool (GIS) olélas cleMb] v

i) sl 3 pdicsel el oy, loolKigSu e g 15 4l wasaB)S L ) Jelse el p Sgles


http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo A

2l )8 (el 5l Slojle Jaa nl 53 ealiuldyge slayialll i8S )15 saome Slae adlllandyge 5 (Sligen
One) s § cad Cg g JuS 5l alold ¢ (5lom oy
(sloylsale polas ¢ slon sla wSe I dase | 65UsS (sl Swly Syd can Tl Jas sladds ans sy
e (o) Jolge dm e yo 3085 )3 WoSea 5 )90 (BS g g (olidme) 2l e Cledbl I las gee
ARC  slaaoly b o b i3d po; 2o b blo)l o o can g cud 5 (2l (6,08 « Koo i do S im
(Y Joiz) 2,8 ool 1) o33 me €989 <l
@.:3:6 »® bblﬁlw‘b)go & 9 Lay .y J?"?’

P a3luold 90 4 as,le g4

silais 2 VY DEM i o ok

dibio yo\Y DEM1 b S 05 b

ViV eree e Gpppn = Mo —igled (owlid e 408 oldme) o ok

ViV e Gpppn = Mo —igled (owlibpe 44 S glasaly lyl o ok

Vdeeees 2988 (oolibope; plajlo S)Lo )l 9 JuS b
Slolgale gl =58 )55l 5 (b gilte Glosls (-9~ —JK2) 2l ) gyl o <k
WY e g S S )il 5 b pilie Glesls b33l on S sldaii-og5 b

St Coonl dine (pl & Cul b (ooaate Jolge hjlie; Sl sandin 3)90 3 ladhaie (2L
Wl dbaii Sy 3 1) laosly (SUsS glgl Julodigas jod g (bl @pdd ol GIS ajluise (g, |y (ol ol
Olgiise 1y bosls | i dsgeoe (pl g 48,5 )18 o) » B (slaodls wl (egee 4l Sy Slive S (o wal 8
ooles 3l dold g ah Curnsy ( Riw (win Al Jaowe ey el Jelos  Sbl Yaane 0,8 oolatwl alaxd
@75 gy Se iz SleMbl I Synie peds S plsl glp g8 odlitul glite syl | (g
Sy 4 1y (LNRF) jlas Jleisl o s (38dime €589 b (oo () Jolse csylel bl ol 3 o omleion oolie
(oo 59k S 2le) ol hog wlihe g s cnl o 3yl 00

Oe) Jole S 85l s el oy (Naderi & Haji, 2011) sl GBgpne (o392 9 lugS Jdo 0 Jio (]
Jele add asly S 0 b i34 sl 1Sl / Jole asds jl asly G 50 b i3 sl (LNRF  laoco

Jole plon (ladegormo s plo & Cond (ol dogoomayj o &5 dm3 (o0 (LS (2] 1 55)5) LNRF b ol
slaaialy ()ls dbgye dcgemop; a5 ol o)l oamalis ssly 5l jeS polie g 3yl ke 5 L Sl lawxe
b asly 51 S o gl LNRF polie bl wé aS oS gy0bdy sy cpl 0wl glaoly ol > blae o (gl
4 ool dsgezmepj b 5> (B33ime; 989 S Corns LNRF oo (gl 0 adbo dus &y g drd (o) 322590 Jolge
¥V Jgs2) cosl oud a8 S Jlas )5 ame (e Jolse S5 gl onelcunsty bawgio

LNRF (9, ol 52 B S50 (Fi9 polie .Y g

&SIl ol olb (39 S ol
oS . LNRF<0.67
lawgie ) 1.3<LNRF<0.67
sb; Y 1.3<LNRF

4 Arcinfo laswe > ases JS b odly + VeV slaiy ey 4 b aS &S LNRF 098 4w 1 O 2

b e Jusls 5l <SGy 4 g b dbul Y SO asre (uey Jelge J1 S pa sl g b pundl daly colue b olaasis
2,5 Jlosl adgs IS (sl oty b 5 35 Jlacl o5 ko lagyjg ohdesS LNRF canemyy Yy 15 sl ol

3. The Landside Nominal Risk Factor.



http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

AN S (G0 g | oot Linwg g (G Lo0 9K (5 )My G U (1 LS Jdri' 5 (558 e j £955 pas (sbivdigy

SRy slasl
3 (olidppes 4k 45 (sl ol (o) i gy (wldime) Sy A 03 Ce) 989 )3 oS e Jelos Sl (S
a3 ool b 13535 385 g olitusl Cymspt g Mo igles 45y yoS ouli ypoj shojls V1) w v oo | (cloaiis
iz 9 S5 5 (cwymdyee icne; b daly 3 (wlid S Sk g ars (S sbaisly il owlid e
s |y Staadunle Y 1Sl St = ko olyats 4y b ABCKSE (5lyo5lSIS =) A5 s ALusd iy &) didg (slaSiu
W65 5> bSO Srvuslo g L oyl —F

ARC by b b bjdcpe) 4 b (ool St 4 o St 32lg 2 53 I bjslone) g8y (Slol 3 ()5 pasede ol
gby Sl 85 )13 iy dj9e (wlid S slaog)S Sl o a3 b ilome; Sl g w8 Sldges GIS
gy 5 Sitols Sl 5T oK (V5] e ) o ol b LoolSES ik 53 5 4 Lol
3 Gtabosd g (Solon claanld 4 S (1Sl 5 spdiptalod (¥ Jpiz) cudl oo ) 455,55 oS )3 9 B
Coglio Shalup blio 10 5 aitun Cou Sal g (5)ls )3l g 10slSS (laSin wusl o piline; 58y 2 S50 Jolse
5 (Stimnz) by Cuaglie (slayialy )l Sal 5 ple oy 81 lnl s (slosijlo oSal & colie b 5 258 o
lbials (S50 oy 0956 1 (glodiS s L 5 )0 Slge aoliB S b (S035 Jlamr bl (S Sodao! oy
Sy dsg
P
cus (Kamran Zadeh et al., 2015) k)l (5550 Sid 55 oo Sl (slyly 3bolie 0)bed (g3l Jled g db] j5 oy fuS
a9l Cllels ool adgs 3 (10 5 b Sl dafuS) (s (ol )3k (o )lse b a5 iy L) 4 ol
Ssle ()les l bbilipe; Aol Sl gl i8S 18 Lo o5 3j90 ildle (B)lse cnl (005 9 90
S ls 545 o odmliie a5 ggzsay (Gupta and Joshi, 1990) ai sl (gan WM Slles s g €8)5 )8 (6,505l )50
Wb oo Il s 533 e g8 e (SigiSS 4l I (5ad 593 b g (VVF) st Voo alold o Wil e 3
oy 52,8 adss
Coblb Sloaid atagl opej jl odlitul £53 )3 s dbml )lge Sl (Gl ) 9 Canl S50 (B3 e) £89 1 (2 S
ke &8 05 ool S £5 s (clolsple yisla g alsm clb e (Sl s (S o glio Cligiow )
g b olyon giiye (15 =0 b byie)) 0aSly (LS Jidyy —F £ alS (b V' {SeSume =V i 2l)j slage; -
9 (2S Ghdg 86 (2ly sl baasly plo I ide G5)sliST lacme) 9 mb e 3 Bilone; g8y SlolS i
9y P B 9 ole SpSope b sipglitS o Liblia )b itan Jl0LL s g 039 pdycensl Gild M 3 pb (claie;
5030 Y Iy aiely culus B2 (o)l g Sjeus Jeol Cule,y pas Jo )l (ot (6,lub el w0rd plol nasals
S o ol ey (6L (gl 1) Ao
Mir Sanjari ) s e 45,5 i 3 aAS g5 Jole Jsicds cyuizmad ¢ ladiald (S5 shixtd Lialidl ol Jelge 5
5 G5l ] o 35 e il s (slioly )3 (335 (6o 4lho ime LinlsEl el atels (o e Ltal33l (et al., 2018
95y Jbo J) GWlas 030 s 4 ang e (Price, 2009) and oo &) (3 09 jiin iy So $O9es Adlhe
sk by yi38) cyee (SaSTy Ak b ol Gldasl g gaodiny add olwl 0l gl meil QoMSTA > s ada 9w ool gl
Gl 2o 3 Vo BV 0 o 039000 3 oy 1533 yno 3 dlaas
Qold S dnids

el a3 oo Ui 363 5l Cunl 5 (B g58 W9y 2 Bdate &) (538 g 0)f Jled )L Ky, (Siw Clib


http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo AY

S50 9 Slib peges sl 155 35505 )5 Kl e calisie liliin Clea cans B e) Slsld @is s

DS )8 oaliulsjge b o338 e Cullad

o b Videree wlde (S Ses cbads wasgl g ad edlatwl ARC GIS l3ble s 5l olélse Sl s oy

5 s (N, NE, E SE, S, SW, W, NW) g5 catin 41 ollyier e jia Y+ lsee

Ol bpd il

o (5oI55lanlS 5 (aolimaldl «Sginms lidlgn (claolSiun] 5 Wnodls | Slalle odgione bbed s s yglaiods
& Wlao 03gu5m0 e (o sy 19 LNRF 1dlis ¥ Jgus

(o) Ju5 jl abols e dlas o) g5 2o LNRF
-3 Vo yolv YI¥
Veod=Yeoo ). YY/A VY
AR 2 5 VY - IAD
Yood-¥e.o ) A e
AERACY I ¥ /b .15
DoV 5l i ¥ /A -I¥A
o) sl P iomes Al o) gBg 2oy LNRF
=5 omes Vo -I¥D VIA
JER O ¥ Y -I¥D
Sl (2lS (hudsy = F -
2 e ¥ -fav Y/AD
Wil sagitn b olyon giye (g E = -
S k> B Sl DA ome) £58g 20 LNRF
bl Slgu, Y FIA AL
Swdwle opylo Jud N YEIY VY
Je b Siwduslo A Va/- -
Sal % \EIV +IA
onle &Y le b 1eglsss VF \A7A¥ \Iss
Syeril Caz Slowe; s SO gy o LNRF
Jles Y YAIS YIVA
S Jles 1y A -2
Gy i /D \id
G5 i ¥ /b -Ivs
RN 5 VY VVE
PRIV Y Y/vs <I¥A
g y YIvS AN
o e Y \EIV VY
(30 p3)ecd OB dlass PO g5y 2o LNRF
y—- - -
a-y - -
A0 - -
AY-A i £Ivs <Yy
Yoy ). YY/A \Iss
Yoy Yo VA/¥ \\ls
Yo+ ) A -/ay
(22)u)l PP e; s Do) gy o) LNRF
AL - - -



http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

AY s (G0 g | oot Linwg g (G Lo0 9K 6yl G U (LS li’ g 3058 0 j 959 pbd (Gbivaigy

OF+=¥¥) 4 \Yale Nida
SA-—0F A\ YY/5 V&Y
Aee=FAN A ¥Y,A VY

2 OPFOes S pading LB dd 4y pl] daodls ()5 el g ( USE) e (e Jelse (sladdd a5l e
ol wdegl iy ok b ARC GIS ity 5l eslitul | oo o) cclosly (el LNRF ol ol
oyl omoj (i) (owlibmes Jalid 0r5a3 3 Jas 15 (glapzalyly jlasil Wgles ks yaes LNRF Jua 3l osolcunsey
S (sl 5 bawgie Vb jlad digg dw & (Ll 488 g (3L )5 baaiely Car o) b ((SEESS 5 (e
Gl 00l astiine ¥ S g9y 0 jlad slaaigy A

25> odgiome ditn J1)65 5 (VL jlad I Gl ed (a9 Bblie Cusl el (gaing AlE )3 & sbplen
9 LS ohag (SHgST (5)lss S99 5 ey 2bj cand (2,5 (sloosS) ape o )STj g5 Aty dg2g S 4 i ol
el J13y65 1 (VL Jonilsy 5l e

T T o £ Ty T =

$gleg (3w e SB35 o5 £939 32 158 5 Jolge s Y JSC



http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

1F+F ) o Ll FF 0,90 Liwg; buzxo 9 (Ko AY

e s el d
N G (e b (534 digy AbE
s
Laial
o Ly,
e
I p—— i
s
3
0 175 35 7 10.5 14

DIy s (gNayy Al L JSWS

R oy shd gadig adi b iy, SuSTy olad Juloo

2L BB ADYEY Cuxan b oliwgy olSsgSiw YA (ol ol 5550 WYAD Lo owsy jlol wll p Slalllas 0dgi5xe

Wigld (yliw et (sBLwg; Sl § Cumor &3595 £ Jou

Jgls Slaxs Sl Curos
Bee 5 Wy A
Be-Y- b N ¥V-A
Veosd- ¥y YYAY vavs
Yeooyeo s y-vay ¥AYY
Beote- WY fOAS VEYay
+0-- 10 V515 YYF.
o> va. YEOSY SYRAY

W0 18 e S dnly o Sledllas edguze (slaliwgy Ao > Vo coddags lbdids wlwl g ddlais (Sihe ddas gl
Sbaliwg) &5 amd o Uis 48590 (Sl aw)p Blos S Ty Ll (LS 5 Clwlel (slaoyd 5 jutn baliwg) (p)]
o 28l (5 50 (slaJS3) L5yl 1,8 ok s gy o Yl eyd S g Lle g i U ol a5 e e
ord ol ddlaie opl )3 uldl g (BSp5 Jelger (38 85,5 )18 o5 e £58g 2k Jlad dgg o Sblle (pl 45 ad
9 ol g (Bl Sliguy S5 @ o 39 5 Gy g ohgh e g Olieej b 3 3L i)l dnatals 3 s
(D Jasa) 8,3 )13 0L Hlas aigs )0 bl opl &5 00003 Coww slodgy Gl > & il paoj (sl

0> (gluwgy oyl yg5 CowdWl 43 0dIF ) (w58 e 0SS
I¥AA Jlo j3 jae

2 (M QU ol gliwg, 0310F ;) (Wb 2 i3 oo 1SS
YA Jlo


http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

AD S (G0 g | oot Linwg g (G Lo0 9K (5 )My G U (1 LS Jdri' 5 (558 e j £955 pas (sbivdigy

O ey pad Gadieg b (lwg) (SBolRGSw bl yl.0 Jgsa

b agn XY Hlls Curos
ol ks YYA YEY-V YTV
buwgie s YA V50 Y-
3 Hlas aigy ¥ \a. -
- Ya. YSOSY FYANY
S5 A

Sl s aolsl g 059 oS dalllaadygo dilaie oot Cond & B3 o it ool o (smopy: §] Jools lalllas
92 O Sl Sy O)gods gl Cudd g Cawl ploprmgiiie (9] i (Jlad Cuond g oliile)S ) (gt g gald
ol o @Bly (Bl (09

g > 2oy VY 505 (hjalimes s digg p3 Gl el Sl o3 YW dgas (53 e jlad (andiyy 4 (olal
Jo 4 g cpl )y )38 0L s aigg 53 oxilygy (wST5 (Bleime) (195 > &l slaliegy )l )15 lawgie jlas
et S35 xSk 5 Gl S (Slni5ly S 3y ek WD ] it b o slasiah (55, 1 5513
Vb jhas b (hjslie) aigg ) balisg) yide 45 013)5 Guw (K laisly (35 5 033950 (ioned 5 o be B+ ]
Sy )8

@ Cund ole Sl abbY e b oddBSuSE SlaljoglSST 4 3948 o aidio sssliuwsa LNRF polie 5 g )las b
L Plg g nl slagme; ol pede Wlo s gy il @Vl s Jlanl I (S lassly o
=) SIS el Seop bl ey e gl dlateh S 58yl ]y 60l s Jlas! S sy
) dilate Jlos 4 g cslodials g 43 ¥ooIY i csloesss b s g (LNRF = YAVF) YU oy s b 5 s20)e -
—dgles byl eols @lisl Weles CluwlelS 0,0 43 (glaialy (o luLL o 550 Jolge 51 S6 sl o) (s (5yl0L0
Glyosl DX £689 4 (60b) cla yb3d e 03game pl D ALES o Al Dbl g dkely Cud )3y .l BUl,e
Oz 38y w03 Jb 53 (Sl ol AT (3 o jlg 0 el 3 (s g s (Ll wlisg, JUK
2y Cobus Casl jao 03 g a5 ]y (sliwgy o3gome )3 (3dine; 1550 Gblie I Syl 0ad 3o
2 3omes a3y 5 e Jelse 3l loarels o) Tud o iy 5 o Jead > By 093 5 Lo Sijl ey slasly
Gl 0353500 oy

OUis (h3lome; g8y sl 1) e bl (s Jlad il exigles Gl e (558 e 989 St Jles] 4l
sl Son el 5930 o 3 (55 J5) L eiosss s ol hacll) b Lame 13 (505 0 103
A 5 |y adlate > (530 £989 sl 1) slad Sl


http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html

[ Downloaded from jhre.ir on 2026-05-13 ]

[ DOI: https://doi.org/10.22034/44.191.77 ]

VFoF A2 o,lols FF 0,90 Lwgy buzxo 9 (yKuo A7

References

Abdinezhad A, yamanni M, Hassanpour J, Goorabi A, Karimi ahmadabad M. (2023). Risk analysis of
landslides for identifying development constraints in the physical structure of rural settlements;
case study: Savadkooh region, Mazandaran. JHRE. 42(183), 107-122. doi: 10.22034/42.183.107
(in Persian).

Abedini, M., Fathi, M. H., & Beheshti Javid, E. (2014). Landslide hazard potential zonation using
fuzzy logic model: Case study of Quri Chay watershed. First Iranian Conference on Geographical
Sciences, 1-6 (in Persian).

Abedini, M., & Fathi, M. H. (2018). Multi-criteria landslide susceptibility mapping in the Khalkhal
Chay watershed. Quantitative Geomorphology Research, 2(4), 85-71 (in Persian).

Chenari Sabar, K., Vahdat Bardi, H., & Salmani, —. (2016). Evaluation of the LNRF model for
preparing a landslide hazard map using GIS in the Ziarat watershed, Gorgan. Watershed
Management Research, (112) (in Persian).

Dorishi, Y., & Mousavi Nedoushan, S. M. (2023). Spatial analysis of landslide susceptibility in rural
and urban areas: Case study of Gorgan Subordinate Areas and Zarrin Gol watershed. Geographical
Engineering of the Land, 2(16), 334-350 (in Persian).

Gopata. P. R. & Joshi. C. B (1990), Lanslide Hzard Zoning Using the GIS Appproach - A Case Study
Foram the Ramaganga Cathment Hmalayas , Geology, Vol. 29, PP. 119-131

Fanni, Z., & Ghashami, S. M. R. (2018). Zonation and spatial analysis of sensitivity to four
environmental hazards (landslide, flood, earthquake, and land subsidence): A case study of the 22
districts of Tehran. Geographical Information (Scientific-Research Journal), 27(128). (in Persian).

Fanyu liu, Z.( 2007). Study on Landslide Susceptibility Mapping Based GIS and with Bivariate
Statistics a Case Study in Longnan Area Highway 212. Science paper online

Hamshahri Newspaper. (2012, April 1).

Hejazi, S. A., Rustaee, S., & Ranjbarian Shadbadi, M. (2018). Multi-criteria landslide susceptibility
zonation in the Khalkhal Chay watershed. Geomorphology Research, 2(4), 71-85 (in Persian).

Kamran Zadeh, F., Emad Mohasel Afshar, M., Mojarab, M., & Memarian, H. (2015). Landslide
hazard zonation in Tehran Province using data-driven and analytic hierarchy process methods. 97,
101-114 (in Persian).

Martha T,R.,.van Westen, C,J., Kerle, N., Jetten, V., Kumar K.V.,(2013) Landslide hazard and riska
ssessment using semi-automatically created Landslide inventories, Geomorphology 184 (2013)
139-150

Mir Sanjari, M., lldermi, A., Abadian, S., & Mohammadi, A. (2018). Landslide hazard zonation using
LNRF model: Case study of Qamroud watershed, Aligudarz. Environmental Hazards, 109, 18-30
(in Persian).

Naderi, G., & Haji, M. (2011). Evaluation and efficiency of information value and Gupta-Joshi
methods in landslide hazard zonation: Tale-Khab watershed, Ilam. 92, 95-103 (in Persian).

Price, D. G., (2009), Engineering geology: principles and practice, Springer, PP. 268-290

Shadfar, M., Yamani, M., & Namaki, M. (2011). Landslide hazard zonation using the Information
Value (IV) model, surface density, and the LNRF model in the Chalkarud Basin. Watershed
Engineering and Management Journal, 3(1). (in Persian).

Shariat Jafari, M. (1996). Landslides: Principles and stability of natural slopes (1st ed.). Tehran:
Sazeh Publications (in Persian).

DOI: https://doi.org/10.22034/44.191.77



https://doi.org/DOI:%2010.22034/42.183.107
https://doi.org/10.22034/44.191.77
http://dx.doi.org/https://doi.org/10.22034/44.191.77
https://jhre.ir/article-1-2542-fa.html
http://www.tcpdf.org

