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“Landslides are among the most common and destructive natural
hazards that change the shape of the earth's surface, and reviewing
the damages caused by landslides, the need to investigate the factors
influencing the occurrence of this phenomenon and predict its
occurrence. proves that Khalkhal City, due to its special geological,
climatic, and geomorphological characteristics and human activities,
has been affected by the risk of landslides for a long time. Therefore,
considering the importance of the issue; The purpose of this research
is to produce a landslide risk map in this city. In this regard, first, the
distribution map of landslides and influencing variables, including;
DEM, slope, aspect, land use, lithology, distance from fault, distance
from river, distance from road, and rainfall were provided. Next,
after the fuzzy membership and determining the weight values of
each factor using the CRITIC method, the landslide susceptibility
map was prepared using the MARCOS multi-criteria decision-
making method. The results of the study showed, respectively; that
The factors of slope, land use, and lithology with weight coefficients
of 0.148, 0.139, and 0.132 have the greatest influence on the
occurrence of landslides in the region. According to the results of the
research, respectively; 707.14 and 512.87 square kilometers of the
area of the city are in high-risk and very high-risk categories, and
these areas are areas that need management work and the
implementation of protection projects. Also, considering the use of
the ROC curve method the area under the curve (0.89), and the
correlation of 0.83% between the final map obtained from the
research and the distribution of sliding surfaces, the accuracy of the
MARCOS method in identifying and zoning prone areas The risk of
landslides in Khalkhal city is great.
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\ Extended Abstract ‘

Introduction

landslide is the displacement of a large volume of soil, rock, or a combination of them
down the slope due to the force of gravity (Rajabi, Rezacimoghadam, Takzare., 2021: 171).
Landslide is a phenomenon that depends on various factors such as slope, geology, climate,
hydrology, land use, vegetation, human factors, and earthquakes (Zhou, Zhou, Tan.,
2020:2). Landslides are referred to as geomorphological landforms that result in great loss
of lives, finances, and natural resources every year (Silakhori, Vahabzadekebriya,
Poorghasemi., 2023:122). Therefore, the threatening and harmful consequences of the
landslide phenomenon on the environment prompt us to think about dealing with and
mitigating the damage caused by this hazard (Pourfarrazeshzadeh and Asghari
Saraskanroud, 2022:42). Khalkhal City, due to its special geological, climatic,
geomorphological features and human activities, has been affected by the risk of landslides
for a long time, so considering the importance of the issue; In this research, the zoning of
Khalkhal city against this risk has been considered, so that the areas with high probability
of occurrence against this risk can be determined using spatial and descriptive data.

Methods and Materoal

The current research is of an applied type and its research method is an analysis based on
the integration of data analysis, geographic information system, and the use of multi-
criteria analysis techniques. ENVI, Ecognition, Arc GIS, Idrisi, and Excel software have
been used for image processing and data analysis. To assess the risk of landslides, first, the
effective factors (including slope, aspect, DEM, lithology, land use, rainfall, distance from
the communication road, distance from the river, and distance from the fault), according to
the natural and human conditions of the identified area became in the next step,
information layers related to each of the factors were prepared in the geographic
information system environment. The weighting of the investigated factors was done
according to the CRITIC method and the final analysis was done using the MARCOS
multi-criteria method. After preparing the landslide susceptibility map, the accuracy of the
models has been checked using the ROC curve.

Resultss and Discussion

According to the landslide risk zoning map obtained from the MARCOS method,
respectively; 707.14 and 512.87 square kilometers of the area of the city are made up of
very dangerous and high-risk classes. Also, 26.55 square kilometers of the area of the city
have medium risk and 18.70 and 8.96 square kilometers have very low and low risk,
respectively. Examining the location of cities and villages about the zoning of the
possibility of landslides also shows that the city of Kolur along with 40 villages (equivalent
to 26.67% of the villages of the city) are in a very high-risk zone. The high-risk category
consists of 43 villages (equivalent to 28.67% of the total villages of the city). In addition,
the spatial analysis of the vulnerability of the cities and villages of the city shows that
Khalkhal and Hashtjin along with 41 villages (equivalent to 27.33% of the villages in the
city) have medium risk potential. Respectively; 8 villages (equivalent to 12% of the total
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villages of the city) and 8 villages (equivalent to 5.33% of the total villages of the city) are
in the low and very low probability category in terms of the risk of landslides.

In addition, the results of this research showed that the factors of slope, land use, lithology,
and precipitation, respectively; With weight coefficients of 0.148, 0.139, 0.132, and 0.127,
are the most important influencing factors in the occurrence of instability in the study area.
Also, considering the use of the ROC curve method the area under the curve (0.89), and the
correlation of 0.83% between the final map obtained from the research and the distribution
of sliding surfaces, the accuracy of the MARCOS method in identifying and zoning prone
areas The risk of landslides in Khalkhal city is great.

Conclusion

The output of the research shows the high potential of the studied area in terms of the
occurrence of landslide risk and according to the results, it can be found that many
landslides occur in these areas with very high risk. have given. Therefore, custodian
organizations must carry out proper and expert watershed protection measures in these
potentially dangerous areas. Among these measures, we can prevent the quantitative and
qualitative reduction of vegetation and stabilize slopes by creating and strengthening
vegetation in areas prone to landslides, preventing rain fed cultivation in sloping lands, and
adjusting and reducing the slope in the slopes. Heights overlooking the construction of
roads, grading the slopes, drainage and correct water routing in the upstream and
downstream areas prone to landslides, the use of retaining walls, and most importantly,
educating the public (especially the residents around the areas) sensitive to landslides) To
have basic information about the phenomenon of landslides and to pay more attention to
the damages caused by it and reduce investment in the future. It is expected that the results
of the present research, considering the use of the MARCOS multi-criteria analysis
method, in the matter of choosing the appropriate method for landslide risk assessment and
zoning, especially in areas with natural and human conditions similar to Khalkhal city, to
be noticed by researchers.
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