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Fig. 1. Geographical location of the study area in Lorestan province

Fig. 2. Some of the landslides occurred along the Khorramabad-Zal Highway

50 K (S A8, uizmed 5 ol leaS Wil alex
SHINbb amivs Jlaws loaials « S5 glaoisl s il
ol ol3T cpl caliee blis o ygiSh aS (gl ar .ol oo
Sl S35l o peadl e g Il g (on) )b
ol Sl 4 iyl gl 45 o0lidl 3lisl 0y
2 O s 2l ead (lee 3 lse 4 4z g

bl s> olblir Coxdse il dilie o)l
Soinz 555 s Jsb 5 5 atbige SliasS
SV Foe el )l QUST Jdoas 00,5 alad | gouxie
JOORS RASNE NI SRRV N NS
yea deasily ol cad dods Lol sad sl
ey daine 5 Cagb) 4 ules Lo slasijle



Ysy VFe¥ Lo 9 jusly F'F o 5loud VA 0590 (g0 59,15 (ol o (.95 (LAl

b ol )l ools oL ol 5l e ST plulis |
00 ol (g y Cuayd 4y bl o ) eads Sl
a8l ganaib WS 7y 4 gl Jolsd yo
olas, e o )*-‘L’ oobel p ganas; el S kb
NS LYl leas ) ab sols plaisl el e
sl puie "Ulg ‘},‘5" by "Ub"' ¥ ‘.laﬂ;y;o" Y ‘"WSH Y
a2l A A gl p Al (L)l S 55 e
69,5 )5S B CLl ol aisbe (453 e Sl (o
—oems 2 OF U b @llae 5 lid IS Sl ol
AHP (sla ) ales 5o (V1 IS8) 95 o0 (et 053
S F g @059 yshie 4 GIS ke 0 WLC
b s GO S Gl atll alxe (Jelse

2 485 54 il sl uiaigy gloasss

Pk 45 Hebiyled e ga L4 (55955 ol I5] e
S ganany ol (Al slaghy, b ads
05 (o0 53 oolital 8590 Gl plipw )3 A3 Ce;
il ks o g Sl ool b (hagly (nl o a8
e 3> M) S glealdi ang 4 AHP L

Sl ool azzls 15 s — bl > o jol5]

JB pleil g, Y
dalllas ol 51 Gan il lgie 55 5 ks oS jeblen
Jlioblp 3 olyolil s jo (b 5a)cpna; s (saiaiyy
Uhgy 5 (AHP)  5lye aledes Ll o, 5l oolaswl b
oS ol ol oyl il s (WLO) Sj5 s oS 5
Spb angd SlAdd b oS oS S e L) bele (i
Sl g Slosgs &S > sl bl (p pastus oS

| Lithologhy H Slope || Stream | | Drainage || Rainfall || Climate || Elevation || Fault H Aspect || Landuse |

Raster reclassification

thhologhy | | Slope | | Stream | IDramage| l Ramfall || Cllmate H Elevation || Fault || Aspect ‘ lLanduse|

—_— T~

—_— T ~—_

T

—_—

4 — / -
y _— //” —
. / ///*

=

| Landslide SusceptlbllltyAssessment |

GIS

AHP

Landslide Hazard Zonation Map |

o (3] 50 oauh Sl gy Soiled Y JSCS
Fig. 3. Schematic of the method utilized in this research
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Table 2. Pairwise comparison in the analytic hierarchy process (AHP)
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Table 3. Pairwise comparison matrix and calculated weights for the used parameters

Factors LI SL EL RF RO LA DD AS CL RI Weights

Lithology (LI) 1 2 3 4 5 6 7 8 9 9 0.246
Slope (SL) 1.2 1 2 3 4 5 6 7 8 9 0.198
Elevation (EL) 1.3 1.2 1 2 3 4 5 6 7 8 0.159
Rain Fall (RF) 1.4 1.3 1.2 1 2 3 4 5 6 7 0.124
Landuse (LA) 1.5 1.4 1.3 1.2 1 2 3 4 5 6 0.093
Drainage density (DD) 1.6 1.5 1.4 1.3 1.2 1 2 3 4 5 0.070
Aspect (AS) 1.7 1.6 1.5 1.4 1.3 1.2 1 2 3 4 0.053
Climate (CL) 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1 2 3 0.026
Distance to River (RI) 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1 2 0.017
Distance to Fault (FL) 1.9 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1 0.013

Amax = 10.5243, CR=0.051
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Abstract

The Khorramabad-Zal Highway is a crucial component of the Tehran-Bander Imam Khomeini axis,
which holds significant economic importance in the country. Hence, this study focuses on assessing the
risk of landslides in the Khorramabad-Zal Highway through the utilization of geographic information
system (GIS). To assess the landslide hazards zonation in this study, the hierarchical analysis method
(AHP) was employed. Field studies, observations, and geological conditions were considered to identify
10 factors that influence landslide occurrences. These factors include lithology, slope, aspect, distance
from fault lines, land use, climate, altitude, distance from rivers, distance from drainages, and rainfall.
Through the AHP method within a GIS environment, each parameter was weighted and maps were
generated to represent their individual contributions. In conclusion, the integration of various layers has
facilitated the creation of a comprehensive landslide hazard zoning map for the designated study area.
The analysis of this map revealed that approximately 54% of the surveyed region possesses a high and

very high potential for landslides.

Keywords: Landslide hazard zonation, GIS, AHP, Khorramabad-Zal Highway

Introduction

Transportation infrastructure forms the
backbone of socio-economic development in
any country. Expanding or constructing
highways can, however, adversely impact the
surrounding environment by disrupting natural
ecosystems, altering drainage patterns, and
destabilizing slopes. Landslides, among the
most prevalent geological hazards in Iran, pose
significant threats to infrastructure, property,
and human lives.

The Khorramabad-Zal Highway, as a vital
north-south corridor in Iran, traverses
geologically  sensitive  terrains,  often
experiencing slope instability exacerbated by
steep gradients, high rainfall, and the
geological characteristics of formations like
Gachsaran. This study aims to develop a
reliable landslide hazard zonation (LHZ) map
for a 60 km section of this highway using the
Analytical Hierarchy Process (AHP) integrated
with Geographic Information Systems (GIS).

Materials and Methods
The Khorramabad-Zal Highway, spanning 104
km, is a critical transit route linking northern

and southern Iran. The study focused on a
segment between kilometer 15 and 75,
characterized by steep slopes, complex
geological formations, and frequent landslide
occurrences. The area falls within a high
seismicity zone and experiences significant
climatic variations, contributing to slope
instability. To assess landslide susceptibility, a
multi-criteria evaluation approach combining
AHP and Weighted Linear Combination
(WLC) in GIS was employed. Ten key factors
influencing landslide occurrences were
identified:

Lithology: The Gachsaran and Aghajari
formations, due to their marly and gypsum-rich
compositions, are particularly susceptible to
landslides.

Slope Gradient: High gradients (>45°)
significantly elevate shear stress and reduce
stability.

Elevation: Areas above 1400 m are more prone
to instability due to heightened weathering.
Rainfall: Increased precipitation reduces soil
cohesion and raises pore pressure, triggering
mass movements.
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Land Use: Forested areas exhibit higher
stability, while barren lands are more prone to
erosion.

Aspect: South-facing slopes receive more
sunlight, exacerbating desiccation and erosion.
Proximity to Faults, Rivers, and Drainages:
These factors influence groundwater flow and
slope erosion.

Climatic Conditions: Semi-arid climates with
periodic intense rainfall events exacerbate
slope failures.

Each factor was weighted based on expert
judgment and processed within GIS. Factors
were classified into five susceptibility classes,
ranging from very low to very high.

Results and Discussion

The LHZ map indicated that:

Very High Susceptibility Areas: Constituted
29.35% of the region, primarily along the
Gachsaran formation.

High Susceptibility Areas: Accounted for
25.95%, located near steep slopes and fault
lines.

Moderate to Low Susceptibility Areas: Covered
the remaining regions, corresponding to
forested zones and less steep gradients.

Key Findings

Critical Role of Lithology: Gachsaran's water-
soluble layers and Aghajari’s marls showed the
highest instability.

Influence of Rainfall: Seasonal heavy rains
triggered slope failures, particularly in
fractured and marly terrains.

Verification: Field observations validated the
model, as most historical landslides occurred in
zones classified as high or very high
susceptibility.

The model’s consistency ratio (CR) was 0.051,
indicating high reliability in the AHP
framework. Comparisons with historical
landslide data confirmed the map’s accuracy.

Conclusion

The study successfully identified and mapped
landslide-prone zones along the Khorramabad-
Zal Highway. Over 54% of the study area
exhibited high to very high susceptibility to
landslides. Key recommendations include:
Monitoring: Regular geotechnical inspections,
especially after heavy rainfall.

Preventive Measures: Stabilizing slopes using
retaining walls and vegetation cover.

Land Use Planning: Avoiding construction in
high-susceptibility zones.

This LHZ map serves as a vital tool for
policymakers and engineers in mitigating
landslide risks and ensuring the highway’s
sustainability.



