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1-Introduction

Landslide is one of the geohazards that occur in natural and human-made hillslopes. In addition to killing
people, landslides destroy or damage residential and commercial properties and developments in urban areas,
agricultural and forest lands, and impair water quality of rivers and streams (Schuster, 1995). In each region, the
management and mitigating the social-economic consequences of landslides are needed to recognize landslide-
prone areas and prepare the landslide susceptibility maps. Landslide susceptibility is defined as an examination
carefully of slope movements and their controlling causes that lead to the quantitative or qualitative assessment
of the classification, volume (or area), and spatial distribution of landslides that exist or potentially may occur
on an area (Yalcin, 2008). On the other hand, a comprehensive and correct understanding of the main landslide
causal factors is required to identify the landslide-prone areas. Various factors are effected on triggering
landslides such as slope angle, aspect, altitude, proximity to faults and lineaments, proximity to streams,
proximity to roads and railroads, land-uses, lithology, soil cover, rain, and vegetation cover (Bui et al., 2012;
Wang et al., 2014; Yusef et al., 2016; Jaafari et al., 2014; Romer and Ferentinou, 2016).

Several techniques based on the geographic information system (GIS) spatial modeling have been established
for landslide susceptibility mapping. The most important of these techniques is the analytic hierarchy process
(AHP) and frequency ratio (FR). The analytic hierarchy process is a multiple criteria decision-making technique
that helps in analyzing decisions that have been competing with objectives. This method includes creating a
hierarchy of decision causes and afterward making comparisons between possible pairs in a matrix to give a
weight for each factor as well as a consistency ratio (CR). Also, the frequency ratio method demonstrates the
spatial relationship between a landslide occurrence location and each landslide-related factor. In this research,
both approaches apply to produce landslide susceptibility maps for the Masjed Soleyman area located in
southwestern Iran (Fig. 1). Due to geological and geomorphological features as well as land-uses, this area is
prone to landslide disaster so that 70 landslides record in the region. For this reason, producing the landslide
susceptibility map and studying landslides triggering factors are essential for mitigating damages.

3-Materials and methods

The first stage of the landslide susceptibility mapping in this study is the preparation of an inventory map of 70
landslides (Fig. 2). To carry out the landslide susceptibility mapping, moreover, landslide causal factors must be
identified. For this purpose, nine layers of landslide-related factors were prepared, including altitude, slope,
aspect, stratigraphy, faults and lineaments, rain, land use, proximity to roads, and drainages. These layers were
achieved from topographical and geological maps, satellite images, and field surveys. Then, landslide
susceptibility maps were developed by coupling the analytic hierarchy process (AHP) and the frequency ratio
(FR) methods in a GIS environment. Finally, prepared maps were validated using 21% of all mapped landslides
considered for testing the model.
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Fig. 1. Map showing the tectonic situation of Zagros and Dezful embayment sub-zone (Alavi, 2007). The location of the study area is
presented by the red circle.
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Fig. 2. Landslide inventory map of Masjed Soleyman area.

3-Results and discussion

In this study, the analytic hierarchy process (AHP) and the frequency ratio (FR) methods are employed to
determine the relative weights and rate the importance of each factor influencing landslide occurrence. In both
methods, final landslide susceptibility maps are drawn through calculating the landslide susceptibility index
(LSI) for each pixel of the study area by the combination of the various effective factors and classes given by
the equations 1 (AHP) and 2(FR):

LS1=0.122 stratigraphy +0.173 faults and linements +0.182 altitude +0.204 slope angle +0.046 aspect +0.048

proximity to roads +0.053 proximity to drainage +0.081 land use +0.077 rain (Eq.1)
LSI=0.038 stratigraphy +0.108 faults and linements +0.167 altitude +0.118 slope angle +0.014 aspect +0.177
proximity to roads +0.171 proximity to drainage +0.083 land use +0.124 rain (Eq.2)

In this research, the resulting maps are classified into low, very low, moderate, high, and very high
susceptible zones (Fig 3). Results demonstrate that about 69.45% (AHP) and 56.94% (FR) of the study
area belongs to the very high and high classes, respectively. Furthermore, the percentage of validating
landslides locations in moderate, high, and very high classes in each map was computed. According to
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the AHP susceptibility map, 66.67% of all tested landslides fall in the moderate, high, and very high
susceptible zones. In the AHP susceptibility map, it can be observed that the percentage of landslide
occurrences in the moderate, high, and very high susceptible zones are 73.33.
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Fig. 3. Landslide susceptibility map and their validation for study area; (a) AHP method, and (b) Frequency method. The location of the
landslide considered for testing is presented by black areas.

4-Conclusions

Landslide is one of the most common natural disasters in the Masjed Soleyman region. The current
study uses the analytic hierarchy process (AHP) and the frequency ratio (FR) models in the study area
for landslide susceptibility mapping. A series of data included nine geomorphologic, geological,
climatic, and land-use parameters that affect landslide susceptibility prepared in the GIS environment.
In general, the altitude, slope angle, and proximity to roads are rated as the most critical landslide-
related factors in this area. Although both models produced reasonable accuracy, the FR model is more
accurate than the ones. Therefore, the FR map is trustworthy for planning future developmental
activities and environmental protection throughout the study area.
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Fig. 1. The location of the study area in Zagros tectonic zone (Alavi, 2007). The location of the study area is presented by the circle.
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Fig. 3. Occurrence of landslides in the study area; (a) Rock slide in the Aghajari in Masjed Soleyman — Godarlandar road, and (b)
Circular landslide in the Gachsaran Formation in Masjed Soleyman — Ahvaz road.
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Table 1. Stratigraphic subclasses of the study area.

Subclass

Symbols

Quaternary deposites

Q

Lahbari member, Gachsaran, Kazhdomi, Garu, Tale Zang and Padeh-Gurpi

Lbm, Gs,Kz, Ga, Tz, PD-Gu

Formations
Aghajari and Mishan Formations and recent congolomerate Aj, Mn, Rc
Amiran, Kashkan and Bakhteyari Formations Am, Kn, Bk

Asmari, Asmari-Shahbazan and Ilam-Sarvak Formations

As, As-Sh, 1I-Sr
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Table 2. Land use subclasses of the study area.

Subclass Symbols
Water surfaces WS
Semi and dispersed pastures, Dry farming, Barren lands SDP-DF-BL
Sparse forests and Dense pastures SF-DP
Residential areas, Shrubbery, Semi-dense forests and Dense forests RA-S-SDF-DF
River bed, Irrigated farming, Gardens, Lagoon and Artificial forests RB-IF-G-L-AF
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Fig. 5. Occurrence of landslides close to a stream caused by undercutting in Masjed Soleyman— Ahvaz road.
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Fig. 6. Classified maps of landslide causal factors using AHPfor the study area.A) Stratigraphy, Classified maps of landslide causal
factors using AHP for the study area; (a) Stratigraphy; (b) Faults and lineaments, (c) Slope, (d) Altitude, (e) Land use, (f) Aspect, (g)

Rain, (h) Proximity to roads, and (i) Proximity to drainages.
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Fig. 7. Classified maps of landslide causal factors using frequency ratiofor the study area; (a) Stratigraphy, (b) Faults and lineaments, (c)
Slope, (d) Altitude, (e) Land use, (f) Aspect, (g) Rain, (h) Proximity to road, and (i) Proximity to drainages.
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Fig. 8. Scree plot of factor analysis of landslide causal factors for the study area.
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Table 3. Causal factors and normalized final weighting after VVarimax rotation.

Factors Factor loading Conv_er_sion to ppgitive Normali_zed_final
coefficient (addition + 1) weighting

Stratigraphy -0.569 0.431 0.038
Fﬁﬁ"::ﬂiggts 0.214 1.214 0.108
Slope 0.336 1.336 0.118
Altitude 0.888 1.888 0.167
Land use -0.06 0.940 0.081
Aspect -0.839 0.161 0.014
Rain 0.395 1.395 0.124
Proximity to roads 0.994 1.994 0.0177
Proximity to drainages 0.934 1.934 0.171
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Fig. 9. Landslide susceptibility map and their validation for study area; (a) AHP method, and (b) Frequency method. The location of the
landslide considered for testing is presented by black areas.
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