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The purpose of this study is to produce a map of landslide hazard potential along
the Tuskestan road using the Analytical Hierarchy Process (AHP) model. The
effective parameters on landslides that were used in this study are lithology,
slope, slope aspect, vegetation, distance from road, distance from stream, and
distance from fault. First, a map of each of these parameters is prepared and
divided into three or four subgroups based on their variations. Then, using
hierarchical analysis, a weight was assigned to each of these subgroups based on
the degree of superiority , in orderto compare them with each other, thus
convertingqualitative maps into quantitative maps. The result of this weighting
showed that lithology and slope had the greatest effect, while the distance from
the fault had the least effect in landslide hazard zoning. The final weight of each
layer was obtained by multiplying the weight of each parameter by the weight of
its sub-group. Finally, these quantitative maps were integrated into the
Geographic Information System (GIS) environment to obtain the final on
landslide hazard zonation map. The evaluation of the location of the previous
landslides showed that among the 7 old landslides, 6 landslides were in the range
of high hazard potential and 1 landslide was in the relatively high hazard
category, which indicates the accuracy of the landslide hazard map. The resulting
hazard zoning map showed that 9.3% of the area, or 355 ha, was in the high
landslide hazard category.

Introduction

measures in unstable hazard-prone areas. The

Landslides are defined as the downward
movement of slope material in the form of rock,
soil or debris under the action of gravity, and
have been classified into different classes of
landslide movement. Landslides pose a
significant threat to road networks around the
world. This is particularly important in
mountainous areas. Due to the importance of
landslide hazards, many researchers have
conducted landslide studies to produce a
landslide hazard zoning map. Landslide hazard
zonation (LHZ) maps are of great help to
planners and field engineers for selecting
suitable locations for implementing
development projects in mountainous terrain, as
well as, in adopting appropriate mitigation

Tuskestan region is a mountainous region that
receives significant rainfall every year due to
weather conditions. The presence of a significant
slope, high rainfall, and suitable lithological
conditions, especially around the Tuskestan
road, has resulted inthis area having a high
potential for landslides, and in some parts of this
route, landslide potential have activated and
landslides have occurred. Due to the aesthetic
appeal of this route, the traffic load on the
Tuskestan road is significant and the occurrence
of a landslide can be a high risk for this route.
For this reason, the purpose of this research is to
investigate and identify areas with landslide
potential by providing a landslide susceptibility
zonation map along the Tuskestan road.
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Materials and methods

The purpose of this study is to develop a map of
landslide hazard potential along the Tuskestan
road using Analytical Hierarchy Process (AHP)
model. The effective parameters on landslides
that were used in this study are lithology, slope,
slope aspect, vegetation, distance from road,
distance from stream, and distance from fault. At
the First, a map of each of these parameters is
made and divided into three or four subgroups
based on their variations. Then, using
hierarchical analysis, a weight was assigned to
each of these parameters and their sub-groups
based on the degree of superiority compared to
each other, so that qualitative maps were
converted into quantitative maps.. The final map
is then produced by summing the points of all the
layers used. For a better and faster
understanding of this map, based on the points
obtained for the studied area, the strength map
was reclassified into 4 categories with different
landslide susceptibility potentials, including A
(susceptible), B (relatively susceptible), C
(relatively  non-susceptible) and D (non-
susceptible). In order to validate the LHZ map,
existing landslides in the study area were first
identified through Google Earth surveys and
field visits. Finally, the location of existing
landslides was compared with the Landslide
Hazard Zone map to determine the accuracy of
the map.

Results and Discussion

The lithology was divided into four categories
including A to D. Group A (susceptible
condition) includes soft rocks that have clay
minerals in their composition, such as shale and
marl, or these soft rocks are interlayered with
other rocks such as sandstone. The Mobarak
Formation and some parts of the Khoshyeylagh
Formation were considered as Group B with
relatively vulnerable conditions in terms of
stability. The Dorud and Route Formations were
placed in Group C with relatively non-sensitive
conditions. The limestone and igneous hard rock

formations were classified as Group D, not
susceptible to landslides. Four main northeast-
southwest trending faults were distinguished and
boundaries of 200, 500 and 1000 m were
selected as buffer limits between categories A,
B, C and D respectively. For the distance from
the road parameter, limit distances of 200, 500,
and 1500 were chosen as buffer limits between
categories A, B, C, and D, respectively. It is
known that the susceptibility to landslides
increases as the distance from the road
decreases. Based on the distance from the stream
parameter, areas with less than 100 m away were
considered as category A (susceptible to
landslides) due to slope saturation and toe
erosion potential, were considered as A category
(susceptible to landslide). The other distance
limit was 250 m and 500 m for separation
categories B-C and C-D. Due to the high density
of the stream network, significant parts of the
study area are in category A. Slope percentage is
a more effective parameter for landslide
instability. Slope percentage is a more effective
parameter for landslide instability. In general,
the potential for slope instability increases as the
slope value increases. In this study, slope values
of approximately 30, 15 and 5% were selected to
divide the study area intofour categories A, B, C,
and D, respectively. The influence of slope
aspect lies in the amount of sunlight it absorbs.
Naturally, the snow melts and dries faster in the
directions that receive more light, so the
weathering potential in these areas is less, and
they have more stable conditions. Based on this
parameter, the study was divided into 8
categories (A-H). The north (A) and north-east
(B) have very vulnerable and vulnerable
conditions, and the south (H) and south-west (G)
have very wvulnerable and non-vulnerable
conditions. Most of the western parts of the road
are located in category E and the winding road
section in the central part of the study area is
located in category A. Based on the vegetation
parameter, the study area was divided into four
categories including A (no vegetation), B
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(agricultural land), C (bushes and trees, grasses
and lawns), and D (frost cover). The northern
half of the study area is laid in category D. The
pairwise comparison matrix was generated to
assign weights for both parameters and sub-
parameters. Based on the main parameter’s
pairwise comparison matrix, of the main
parameter, lithology received the highest weight
with a weight of 0.296 and was considered the
most important parameter. Meanwhile, the
parameter of the distance from the fault with a
weight of 0.021 was the least important
parameter for landslide susceptibility. The
consistency ratio (CR) was used to evaluate the
adequacy of the pairwise comparison. This
parameter was less than 0.05 in this work,
indicating a satisfactory level of consistency.
The quantified maps were then combined to
produce a landslide susceptibility map. The
range of variation on this map is between 682
and, 4575. Considering the limits of 25%, 50%
and 75% of this range of change, the study area
was divided into four classes in terms of
landslide susceptibility. The main part of the
areas with high landslide potential (class A) is
located in the central part of the study area, in the
part where the road curves. The statistical
evaluation of this class shows that 9.3% of the
studied area, with an area of 355 ha, is in the
category with high potential for landslide
occurrence. It was observed that out of 7
landslides that occurred, 6 landslides occurred in
the highly susceptible areas and one landslide
occurred in a relatively susceptible area.
Conclusion

Conclusion

1- The results of the hierarchical analysis
showed that, among the 7 parameters used,
lithology and slope have the greatest influence
and distance from the fault has the least influence
in the area.

2- The zonation map obtained showed that 9.3%
of this area, with an area of 355 hectares, is in
the high landslide risk category.

4- 85% of the landslides that have occurred in the
studied area are in the high risk category, and it
shows the reasonable accuracy of the prepared
map.


http://dx.doi.org/10.22034/JEG.2024.18.4.104487
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.4.1.3
https://jeg.khu.ac.ir/article-1-3133-fa.html

[ DOR: 20.1001.1.22286837.1403.18.4.1.3 ] [ Downloaded from jeg.khu.ac.ir on 2026-06-25 ]

[ DOI: 10.22034/JEG.2024.18.4.104487 ]

Journal home page https://jeg.khu.ac.ir
a5 a8

o3| s

S A L

YAA NP

s Juloxd g 5 31 03kl b LS gi 03> Jgbr 40 (33 e j Jhao saaig

GIS tauo 58 (AHP) (il yo
Y oo pST e ¢ 6 S Al

nafiseh.sh2010@gmail.com :asbl], . )l 3g,mls g mls s olKuiild (o) pole 0uSuisly aidyl (ool 8 (ggzeiily )
Ali_moomeni@yah00.Com :a:bll, .l wg,als ogyals xio oKl (e pole 0aSiils (63,15 oo 09,5 ¢yluils ¥

Vs>

o

o Ol

lp Joo Sl oslatal b (liaSiwgs odle Jgbo 53 (234 (o) Jlad Jeusily 4 ans adllae cpl 5l Bua
e i esiglsid adlae cul > G55 e e slaselly dlioe (AHP) (o ks Jios
ol 3PS ym asd danl )3 sl e JuS 5l alold 5 anlpl 5l alols wols 5 dold o aLS ider cud
Sl 03l b s Dl o 09,5 105 sl b & o Sl (e sliso 2 g 005 a5 oyl
28 03ly olaidl (Sig wa & Cuns 550 e Sliwe 2 og)Snj cul Sl P18y 4y (510 dlids Jlow
G 4 cud g Siglod oS A (LS (e35g cnl 4B 258 Jiad (oS Sl 4 (S slaadd U
AY p Qs iy bl (ilime) s (sanaiag 3 1y pb cp S S 5l abols 5 b 5t
bae )3 o8 (ol oyl Coles )0 el Camd & Jlane 25 059 5 Sell o (5 o pd ol I SleMl
8y Sla B33 g sy ol Gy G5 (05 sls g 2o 4B b S 3l GIS
03 33 U3 S g Vb jlad Judliy 03gaoe )3 (330 7 ol o083V gm0 Lt (L3
& (gindi 48 sl 005 g B3 () sl ALE Cons i i o cadls S8 VL T las
U9 ey 133y (eYL Jhas 03y )3 1S YOO Corlue 4 039a5e pl 5l o yd AT S 3y LS sl Cawd

Sy )8

gy dllio il g4

VY/VNY il s U

VXAl 8,550 & U
AR VAL VARE A PRV TNt}

o jlganls
W o) kS by
SleMbl piiw eSSy
koo Jelos sl (oLl

.s8lye

doddo

—a 1) g wislys axlee 3Ll e 0 bl (I L aS
moslr 5 ilime) lady S 9 s S e jolane
Ja gl esle s b el a3Y liemsS sble sl
GO (S 93,5 anaig oy (rl Bl il
Gnas) 5 e @blie ) (e o (s ol
s e Jeiliy b (oa8ly azyo ol 2 gblie cnl (35,5

Ll dals s (59 52 B3R (o)
Owey ahox Sl (bl Slblre Coonl 4y 4z
bols o glaswgs sboojon iyaely o by
5 Olnl 5o ol (iizme og s Jlil bglas 5 (L)

Sl e ) SliwasS bl ;o ool IS 5k
Sz ates ool (S slaslug) 5 ey B
O Jb el wilgioo o JobsS (595 oo b 295
Jsb 55 ol localles s 5 osily sla s
L b el SlawnsS gloosl> g ol )55 el
ywa lowss plp y0 |, L“’QT 9 S o S
e 539 Vb Judo 4 (SlarsS glaosl> ool plis 0 o
00 Ol aibe ool el 51 2oL Sladl slac s 4

M@u‘@@@@)wwswmo@@

e GIS Lzme ,0 (AHP) 5l dldes Jdos o, 5l eoliinl b oyleaSwgs ool Job 10 (5530 omoj plas somaigy ((VFoT) g o oge el (5,5 1abiiaul
https://doi.org/10.22034/JEG.2024.18.4.104487 0+ - FYA «(F) VA (o (olids 'y

©Nole

BY NC

.OLf.\.;....iy‘ ©

gs‘))l? Rils 1yl



http://dx.doi.org/10.22034/JEG.2024.18.4.104487
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.4.1.3
https://jeg.khu.ac.ir/article-1-3133-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.22286837.1403.18.4.1.3 ]

[ DOI: 10.22034/JEG.2024.18.4.104487 ]

¥ o)Lo..,.'f: AA 0,99 “5.,;.)...@‘.4 ‘Swld.m )

FAY

«(Fezizadeh and Soltani, 2020) slale 5 col; oaub
ailoom oo ool ol & axkad ;5 (353050 sl gaiaigy
o5 o Al Eldite o3 late b, a5l 5 ol ploxil
5 5 ,me 00,8 soliiul 556 lye alle Llo o s
2y o ey ks (Mojarad et al., 2020) ) ,Son
gl @bs wisS ganaty Glsmd-olzsd spl o>
Olee (rFghem 0j9> (98w (iSe oS ol las

el o0ls plaisl ogs a |y i) 4 ol
solazal b (Zangmene et al., 2023) .l Kan 5 455
aibaio yo 1) (o33 (o) Sl gataigy AHP 3, 5]
o] zls aisls plal g elS Cye o Sizrwa-plugdl
ez 03, ;0 axdllae 5,90 039350 LFF 5l o aS ols Lis
5o ools 7y sl gniad SHTAY slass g ojls 13 YL L&
5 sl el 035 YU (L5 Copilis 03, b sgasme oy
sl 3 slo Jow o,Slee (Ahmad et al., 2023) | Son
L FR) Ll 3 e 3 (AHP) e alis Julos
ey Jled ciygdy )0 o ey ool ALE sagS
aS s e las LﬁoO] b Wo,S awlas sl
ST 0 Shes (o008 slaha) guwaryy > FR s,
s 5,5 «(Asmare, 2023) o Lol .ol atisls AHP g,
lopaid slp FR 5 AHP Gla g, (oo jlisl
@t Jlod «Sez 098 Skl )3 233 e ol
Sls ylis o] s s ol 13 Sl o a0 (o9
S ey St 00 FR g AHP la g, a5
il e TAY g ADIA s lls a5 4 dibaie oyl
Sl oy & «Pradhan etal., 2022) |,Ken ¢ ool
Ghlio 5> 53 i oolr gl 5 (Sl oS5
979 45 Wdw; am cpl @y g wiSloy Jls (SlasS
Sk sk 53 1y psloees Jlis esle (S S
€95 Sl 5l 990 (SN gl Pz g a3 oo 38l

Alals y sanaiy geoge drllle 4 dayeuS ple
o, % (Motasharei etal., 2012) | |Soa § = pio
W 9wy ell-glpd esl> o A5 Sl
JS )" as oo ul...u LQQT C"L"' .Aso; A ‘) QT (Ssdiyy
Qo,0 FY g ok sles s glls wo 0V wols sk
9 > Bbos (A e E939 slp 3k S sl
Oy s sawmany (Hasani et al., 2017) ., Ken
ol plol (5306 3late 39, 4 |y Wlgmm S ool i3
cbasis ArCGIS 4 IDRISI 58l oy Lams ;o g
5 W0, A adhaie (pl sln A5 ey S oA
YU s b gblie o bo iy opl clil a5 w8 sumlic
s «Firuzietal., 2021) ), Ko g (5598 ilails 1,8
SHESS sl )il 5 5elsnd LU o) 2 a2 c2055
oly o e 0 (Ko slocad slags,laubl glgsl b
O solad ol las byl s oSl - 0958
5 el s vgzs gl (Sl g s el
Godys ands (Asghari et al, 2020) .,Kes
oolazw! l.: |) J..u— u‘)m ooL?- d.:)_t.‘ Oy &5.95 ML,..}
@ o] 8,5 s 31 Blate g aSis dos sla Jow
sbo ar S gli)] 5 (AL (e &5 Now ) a5
S oo ol sy (>l sleml o (s S oIl Jelse
L «(Ariyantabar et al., 2021) ,Ken 4 L5 )]
A aigy sl s 5(QS) S xex g, 5l eolau]
3 Sl PG deily (bl slaely a4 Sus
o3 e s (Samadzadeh, 2015) ooljoes .ai)ls
Lojshiie cnoy 08 oy 1) ez e Js )l osl> o
Gl 1y oyl g ools 059 Y a g el g, 5l eolaiul
st BB s aS oy jlias sl Cawd 4 azis S
Sl hd ol Ly 0oy j0 adllas 550 ddlais


http://dx.doi.org/10.22034/JEG.2024.18.4.104487
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.4.1.3
https://jeg.khu.ac.ir/article-1-3133-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-25 ]

[ DOR: 20.1001.1.22286837.1403.18.4.1.3 ]

[ DOI: 10.22034/JEG.2024.18.4.104487 ]

FAF o309 6555 | o by ool b (liSss ool Jsb 5o G5 (e Sl sty

o S e @25 (sl 5 S92 00l Jlo i jlne ool

D) (g relS 50 Jlre
@ azrgi b aS oo SliwnsS gladhaie lnSiugs adlaie
55 4y Al yo Iy lazgs LB )k alse 5 of Conds
balps 5 Yo (Sl arg LB ool S92y i
(OlaSwgs ool SLbI s pgat el (S3glstd
o ol sl YL il adlate l B ool caly
058l Sloh3d (e e Gl B (S j o oS andls
L) JS8) Sl dtg 989 4 (e (M) 9 00 JUud
g el g 8y e ol FLD Lo adls 4 axgs
il ol g 0vg az g BB (leSiugs ool o (Sl
O 4y bl bl e ol gl oYL Sy Wlg oo
bl (lulids 5 (g2 G205 crl pll 5l Soa jslae

slasiwl gandigs by, 3l eslatwl b Jo3s) sty slyls

ibge Gblie (ul 5o (353 e BlaS

TRX

S sl 53 5 e sl Jodoxi g 4352 45 (2023
@bad Glodoe ookl b pliyy jo (GlwnsS ool>
Oen 5 LI amsley (ML) cpile ass,oy,
AHP g, 5l solazwl L «(Dhungana et al., 2023)
Shbl g Jols jo 1) Gisadirme) Comlus (gonarg, asds
PR RS SV N R P S
sl Fhy o, 4 «(Pandey et al., 2019).,Ken
2 el 5ok SSLSS 35 g (cwlibioge,
@ olab ol Jsb 5o Goalime; umlus (53lu o
Pardhan and ) sGaww g oleoly oSl e X,
slocad )l oLl )2 4 «(Siddique, 2020
LWl jo o33 axius sbosl> (o ool ail> S
Phase2 158l o5 g sgame yolie soae g, 5l solaiwl

Saes,e slXaw gl as oly olas L:oQT s asl

ObnSgs ool O jgle jo 0ol F) slo o) (sl g pglar N S
Fig. 1. Photgraphs of landslides that occurred in the vicinity of Tuskestan road
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Fig. 3. Classified map of lithology in terms of landslide susceptibility
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Table 2. Classification of slope direction in terms of stability against landslides

Azimuth Geographical direction | Class Description
0-22.5 N A very unsuitable

22.5-67.5 NE B unsuitable
292.5-337.5 NW C Relatively unsuitable
67.5-112.5 E D intermediate
112.5-157.5 SE E Relatively suitable
247.5-292.5 W F suitable
202.5-247.5 SW G very suitable
157.5-202.5 S H Excellent
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Table 3. Pairwise comparison and weight of the main criteria with CR=0.05

parameters A B C D E F G weight
A 1 2 2 3 4 5 8 0.296
B 1 3 3 2 6 8 0.279
C 1 3 3 5 8 0.178
D 1 1 4 7 0.098
E 1 4 7 0.090
F 1 3 0.038
G 1 0.021

A: lithology, B: slope, C: slope direction, D: distance from the stream, E: distance from the road, F: vegetation and G:
distance from the fault
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