Kharazmi University

Journal of Engineering Geology OPEN ACCESS
Journal home page https://jeg.khu.ac.ir Online ISSN
2981-1600

Landslide hazard zonation along Tuskestan road using analytical hierarchy
process (AHP) method in GIS environment

1. MSc student,
nafiseh.sh2010@gmail.com

Faculty of earth sciences,

Nafise Shokrit, Aliakbar Momeni?®

Shahrood University of Technology, Shahrood, Iran. E-mail:

2. Associate professor, Faculty of earth sciences Shahrood University of Technology, Shahrood, Iran. E-mail:

Ali_moomeni@yahoo.com

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received 3 October 2024

Received in revised form 27
November 2024

Accepted 1 December 2024

Keywords:

Landslide hazard zonation,
Tuskestan, Geographic
Information System,

Analytical Hierarchy Process.

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 wvulnerable 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.
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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 NwW o 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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