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Received in revised form: | Nir-Sarab communication Route; Due to special geological, climatic, geomorphological features and
21 October 2023 human activities, it has been affected by landslides for a long time. Therefore, according to the
Accepted: importance of the subject, the current research aims to evaluate the risk of landslides in this
28 Octobe-r 2023 communication route by producing risk zoning maps and comparing two multi-criteria decision-
Published online: making models, MARCOS and CODAS. For this purpose, first by examining research sources
20 January2024' related to the subject, some of the most important factors affecting the occurrence of this
phenomenon include; Height, slope, direction, lithology, land use, distance from the fault, distance
from the road, distance from the river and precipitation were prepared as independent variables.
Valuation and standardization of the layers were done by using the fuzzy membership function and
weighting of the criteria, using the CRITIC method. Finally, modeling was done using MARCOS
and CODAS multi-criteria decision-making methods. The results of the study showed, respectively;
K ds: The factors of the slope, land use, and lithology have the greatest influence on the occurrence of
M?;‘évg]ro\fémem landslides in the region with weight coefficients of 0.176, 0.152, and 0.124, respectively. According
Hazard ' to the output of the CODAS method, respectively; 121.25 and 187.96 square kilometers of the range
GIS ' area, and according to the results of applying the MARCOS method, 85.32 and 201.76 square
' kilometers of the range area are in high-risk and very high-risk categories. Validation of the used
RO_C' multi-criteria decision-making methods, using the ROC curve method, very good accuracy of the
Nalr-sfirab road, CODAS method, with an area under the curve of 0.76, and excellent accuracy of the MARCOS
Potential occurrence. method, with an area under the curve of 0.87, is an expression.
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1. Introduction

Landslide can be defined as the downward
movement of rock and sedimentary units under the
influence of gravity, which occurs as a result of the
change in the shear strength of slope materials
(Miccadei et al, 2022:1). This natural phenomenon
causes disruption of the water and soil system in
nature, destruction of roads, highways, residential
areas, energy transmission lines, engineering
structures, destruction of vegetation and agricultural

lands, rapid sedimentation and Widespread in the
field of nature, the acceleration of erosion and the
transfer of sediments behind the dams and the
change and evolution of the landscape of the earth
(Materazzi et al, 2021:1; Sadeghi et al, 2022: 124).
Therefore, the threatening and damaging
consequences of the landslide phenomenon for the
environment prompt us to think about dealing with
and mitigating the damage caused by this hazard.
(Porfarazeshzadeh and Asghari Saraskanroud,
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2022:42). The communication path of Nir-Sarab, in
terms of the specific situation, such as topography,
the presence of loose and non-resistant surface
materials on resistant formations and climatic
conditions (especially due to spring rains and snow
melting in spring) from the potential It is prone to
landslides and is one of the most accident-prone
communication axes of Ardabil province in terms of
landslides.

2. Methods and Material

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 were used for image processing and
data analysis. To assess the risk of landslides, first,
the effective factors (including Slope, slope
direction, height, lithology, land use, rainfall,
distance from communication road, distance from
the river, and distance from fault), according to
natural and human conditions The area was
identified. 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, using CODAS and MARCOS multi-
criteria methods. After preparing the landslide
sensitivity map, the accuracy of the models has
been checked using the ROC curve.

3. Results and Discussion

The results of this research showed that the factors
of the slope, land use, lithology, and height are the
most influential in the occurrence of instability in
the study area. Examining the output of both
investigated methods shows that in terms of slope
criteria, areas with high and very high-risk
probability, mainly; are between 10 and 40% slope.
The comparison between the existing slip points
with the slope map also shows that no slip point is
observed in the slope classes lower than 10% and
higher than 40%. In terms of the criteria of land use,
agricultural uses, pastures (especially medium and
poor pastures), and orchards have the largest
amount of the land area, the possibility of a very

high risk is allocated to them, and therefore, not
observing crop rotation, cultivation in lands Slopes,
excessive grazing of livestock in pastures and
destruction of vegetation accelerate the occurrence
of landslides in agricultural uses, pastures, and
gardens. The comparison between the existing slip
points with the land use standard map shows that
50% of the slip points are in agricultural use and
respectively; 30 and 20% are seen in pastures and
gardens. About the lithology map, it can be said that
there are very high-risk and high-risk classes,
mainly; They are located in formations with very
low, low, and moderate resistance, as well as in
volcanic andesite and crushed basaltic rocks. A
comparative study of the distribution of landslides
with lithology criteria also shows that 40% of the
landslides occurred in formations with very low
resistance; It occurred in the form of alluvial
deposits of the fourth period. 20 percent of the
sliding points are also on steep slopes consisting of
formations with medium lithology (alternation of
gray and chalky marls with gray sandstones and
within micro-conglomerate layers, sandstone, marl,
clay, and tuff). rhyolite shear, igneous rocks
(mainly pumice, pumice tuff), and other landslides
in the range occurred in volcanic andesite and
crushed basaltic rocks. In terms of altitude criteria,
very dangerous and high-risk areas are located at
altitude levels of 1650 to 2150 meters. Examining
the sliding points of the range also shows that there
is no sliding point at altitudes below 1600 meters
and above 2150 meters. Therefore, landslides are
more likely to occur at middle altitude levels.
According to the landslide risk zoning map obtained
by the CODAS method, 15.71 square kilometers of
the area is in the very high-risk class and 24.22
square kilometers is in the high-risk class.
According to the output of the MARCOS method,
respectively; 11.05 and 26.13 square kilometers of
the area are very dangerous and high-risk classes.
Comparing the slippery surfaces and areas facing
danger shows that in the output of the investigated
algorithms, the areas that are in the high-risk
category have the highest number and percentage of
slippery surfaces. In addition, no-slip points are
observed in the low-risk and very low-risk classes
introduced by the multi-criteria algorithms.
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4. Conclusion

The results of the present research have shown that
the presence of steep slopes, rocks sensitive to
erosion (including marl, clay sheared tuff, igneous
rocks, mainly pumice, pumice tuff), and water
penetration in this mass, lead to It leads to the
reduction of shear resistance and the occurrence of
landslides. In addition, the output of both MARCQOS
and CODAS methods indicate the high potential of
the studied area in terms of the occurrence of
landslide risk. Because landslides can cause
irreparable financial and human losses, the relevant
organizations must carry out appropriate and expert
watershed protection measures in the area.

Finally, it should be mentioned that each of the
methods of studying environmental hazards,
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