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Objective: Landslides are one of the most important environmental hazards that cause a lot of
financial and personal losses, and by identifying areas at risk, this phenomenon can be prevented as
much as possible. Aliabad Katul County, due to its specific climatic, physiographic, geological, and
human conditions, has always been at risk of landslides. Therefore, the purpose of this study is to
identify landslide-prone areas in this county. In this regard.

Method: by reviewing the research background, using field studies, and examining the conditions
in the region, first, the factors of altitude, slope, slope direction, geology, distance from the fault,
distance from the river, distance from communication routes, land use, and precipitation were
identified as variables affecting the occurrence of landslides. Finally, the landslide susceptibility
map was extracted using the Marcus multi-criteria decision-making method.

Results: According to the results, respectively; The factors of slope, land use, and precipitation with
weight coefficients of 0.153, 0.142, and 0.138 were assigned the most importance in the occurrence
of landslides in Aliabad Katul County. According to the zoning map, 151.902 and 253.622 square
kilometers of the county area are in the very high and high-risk categories, respectively, and these
zones should be given priority in terms of management work and implementation of protection
projects. Also, considering the use of the rock curve method, the accuracy of the Marcos method in
identifying areas prone to landslide risk in Aliabad Katul County with a sub-curve area of (0.89) is
very good.

Conclusion: The landslide hazard zonation map of Aliabad Katul County shows that a
significant portion of its area (approximately 414 square kilometers) is in high-risk and
very high-risk classes, requiring immediate prioritization for management and protective
measures.

1. Introduction

hazards, the occurrence of which not only causes

A landslide, as a type of slope movement, refers to
the downward movement of a mass of rock, debris,
and soil on a slope under the influence of gravity.
The formation of landslide risk depends on
multiple factors, including slope, geology, tectonic
activity, earthquakes, weathering, climatic
conditions, hydrological conditions, vegetation
cover, land use type, and human factors. Landslides
are one of the most important environmental

huge losses to human society and economic
development but also poses a serious threat to the
environment. Today, considering the destructive
effects of landslides, it is necessary to investigate
the effective factors and identify areas prone to this
hazard wusing zoning techniques to achieve
solutions to control this phenomenon and select the
most appropriate and practical management option.
Aliabad Katul County, located in Golestan
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Province, has always been at risk of landslides due
to its specific climatic, physiographic, geological,
and human conditions. Because no study has been
conducted to date to zone Aliabad Katul County in
terms of landslide risk, and considering that
landslides are among the hazards that have multiple
options and criteria, and the study of this hazard
using multi-criteria decision-making methods has
received much attention from researchers today, in
the present study, the zoning of Aliabad Katul
County against landslide risk has been considered
using the new Marcos multi-criteria algorithm.

2. Methodology

The present study, considering the nature of the
problem and the subject under study, is of a
research-applied type, and its research method is an
analysis based on the integration of data analysis,
geographic information systems, and the use of
multi-criteria  analysis  techniques. ENVI,
Ecognition, ArcGIS, Idrisi, and Excel software
were used for image processing and data analysis.
Considering that landslides occur under the
influence of several factors, identifying the factors
effective in the occurrence of landslides is of great
importance. First, after reviewing similar scientific
research in the field of the subject, conducting field
observations, and considering the natural and
human conditions of the region, 9 factors of DEM,
slope, aspect, geology, distance from the fault, land
use, precipitation, distance from communication
road, and distance from the river were identified as
effective factors in creating landslide risk in
Aliabad Katul County. In the next stage,
information layers related to each factor were
prepared in the geographic information system
environment. The weighting of the factors studied
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 was
examined using the ROC curve.

3. Results

According to the landslide hazard zoning map,
170.612 square kilometers of the county have a
very low potential, 262.922 square kilometers have
a low potential, and 277.032 square kilometers
have a medium potential. The high-risk and very
high-risk classes cover 253.622 square kilometers
and 151.902 square kilometers of the county area,
respectively. Matching the distribution of landslide
points and areas at risk based on the zoning map
obtained from the study indicates that the largest
number and percentage of landslide surfaces are
located in the two very high-risk (30.43 percent of
landslide points) and high-risk (63.89 percent of
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landslide points) classes. In addition, the medium-
risk class also includes 19.57 percent of the
landslide areas of the county, and in the two low-
risk and very low-risk classes, the distribution of
landslide points is not observed. In addition, the
results of this study showed that slope, land use,
and precipitation factors with weight coefficients
of 0.153, 0.142, and 0.138 are the most important
factors affecting the occurrence of instability in
Aliabad-Katul County. Also, considering the use of
the Rock Curve method, the accuracy of the
Marcus method in identifying areas prone to
landslide risk in Aliabad-Katul County with an area
under the curve (0.89) is very good.

4. Discussion

The results of this study indicate the high potential
of this county in terms of the possibility of
landslides. In general, in high-risk and very high-
risk areas, the spatial distribution of factors is such
that it provides suitable conditions for landslides to
occur, which include the dominance of slopes with
medium to steep slopes (15 to 80), altitudes of 1000
to 3000 meters, abundant rainfall, diverse land uses
(forest  cover, pastures, agricultural and
residential), trenching and destruction of the slopes
following road construction and development
activities, susceptible geological formations
(alternation of limestone, marl, shale and sandstone
layers), undercutting of the slope support by
flowing water, fault structures and slope direction
(especially; north, west, east, southeast and
northwest directions).

5. Conclusion

Finally, it should be noted that given the large area
of landslide-prone areas in Aliabad Katul County,
expert protection, watershed management, and
management measures should be taken. It can also
be acknowledged that the results of this research
have a practical aspect and can be used as a more
powerful tool for risk management and reducing
losses and casualties from the environmental
hazard of landslides by stakeholders and
organizations such as the Crisis Management
Organization, the General Directorate of Natural
Resources and Watershed Management, the
General Directorate of Roads and Urban
Development, the Regional Water Organization,
and other organizations related to environmental
hazard issues.
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