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Identifying areas prone to landslides with proper accuracy is one of the primary
measures in managing and reducing damages, especially in the watershed areas of dams.

In this research, landslide sensitivity was zoned using statistical models in the Kurdistan
Dam watershed and the most appropriate model was introduced. First, the studied area
was determined and with field observations, the number of 9 landslides was recorded
and a landslide distribution map was prepared. In the next step, the factors affecting the
occurrence of landslides including geology, rainfall, land use, distance from the river,
distance from the fault, slope and height were identified and then a map of these factors
was prepared. To determine the rate of each of the effective factors in the occurrence of
landslides, the map of each information layer of the effective factors is integrated with
the distribution map of the landslide and using AHP, BWM and FUCOM statistical
models, separate information layers are weighted and By overlapping different layers,
the final landslide risk zoning maps were prepared and compared. The results showed
that land use in AHP and BWM methods and rainfall lines, in addition to land use in
FUCOM method, have the greatest effect and the criteria of height, distance from the
fault and slope respectively in the three AHP, BWM and FUCOM methods have the
least effect on the occurrence of landslides. The results of zoning maps showed that most
of the landslides occurred in the northern half of the region, often in pasture lands, in
slopes of more than 20%, and near faults Also, the results showed that the lithological
variable has a great role on the occurrence of landslides in the studied area. In general,
the results showed that in AHP and BWM methods, the number of required pairwise
comparisons increases significantly with the number of compared parameters, and in
this case, the uncertainty of opinions increases, which shows the superiority of the
FUCOM method over It shows well in other ways.
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Introduction

In recent years, the landslide susceptibility map made it possible to assess the landslide risk potential, which
has been increasingly developed (Bara et al., 2019). In this regard, the multi-criteria decision analysis
(MCDA) technique has been widely used to integrate, identify or rank control factors, especially in the
analysis of natural hazards and adaptation. Determining the weight of criteria is one of the basic issues in
multi-criteria analysis models, but choosing the appropriate method to determine the weight of criteria in
multi-criteria decision-making problems is a more important step that complicates the decision-making
process. The weight of the criteria can significantly affect the outcome of the decision-making process,
therefore, it should pay special attention to the objective factors of the weight of the criteria (Pamokar et al.,
2018). In recent years, there has been no study on landslide risk zoning with BWM and FUCOM multi-criteria
decision-making methods. On contrary, many studies have been conducted with other decision-making
methods such as AHP, ANP, and Shannon entropy. Bara et al. (2019) assessed landslides using sensitivity
models and their comparison in the western region of the Indian continent by remote sensing. They concluded
that a landslide occurs under the influence of a set of conditions and factors such as height, slope, lithology,
and geomorphology. In addition to these external factors, precipitation, tectonics, and human activity are also

very effective in the frequency of landslides. In this study, multi-criteria decision-making methods AHP,
BWM, and FUCOM were used and their accuracy in determining the effective factors in the occurrence and
risk zoning of landslides in the Kurdistan dam area has been evaluated.

Methodology

In this research, the study area was first determined to achieve an accurate assessment of landslide risk zoning
methods in the Kurdistan Dam area. Then, the number of 9 landslides was recorded and a landslide distribution
map was prepared with field observations. In the next step, the factors affecting the occurrence of landslides
in the research area including geology, rainfall, land use, distance from the river, distance from the fault,
slope, and height were identified. Then, the map of these factors was prepared, and separate information layers
were prepared for each of the effective features. To determine the rate of each of the effective factors in the
occurrence of landslides, the map of each of the information layers of the effective factors was integrated with
the distribution map of landslides, and the individual information layers were weighted using AHP, BWM,
and FUCOM statistical models. In addition, by overlaying different layers, the final landslide risk zoning
maps were prepared and divided into five classes with very low, low, medium, high, and very high-risk
potential and the comparison and validity test was done.

Results and Discussion

According to the results of the survey of zoning forms, the spatial spread of landslide hazard potential in the
studied area is almost the same in all three methods and most landslides are concentrated in the northern half
of the area. But in all three of the AHP, BWM, and FUCOM methods, each of the areas with very low to very
high risk potential covers approximately 20% of the studied area. Generally, the number of required pairwise
comparisons dramatically increases in AHP and BWM methods with the number of compared parameters. In
this case, the uncertainty of the opinions increases and shows the superiority of FUCOM over other methods
which is related to the limitation in assigning initial weights to related criteria. In the AHP and BWM methods,
the decision makers used a limited 9-point table for this task, while in the FUCOM method, they used integer,
decimal or pre-defined scale values for pairwise comparison of criteria. The results of the accuracy assessment
and comparative comparison of the basin landslide risk prediction in the models, by examining the degree of
confidence of the pairwise comparisons, show that the FUCOM method has more acceptable accuracy than
the AHP and BWM methods.
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Conclusions

At present, due to the difference in environmental conditions and the methods used, the application of each
landslide risk zoning model requires proving their validity and accuracy. The current study presents three
methods of AHP, BWM, and FUCOM based on multi-criteria decision-making principles to prepare maps of
landslide risk potential in Kurdistan. In the three mentioned methods, out of the seven mentioned parameters,
the land use parameter in AHP and BWM methods and the parallel rainfall line parameter in the FUCOM
method have the greatest effect on the occurrence of landslides, and the criteria of height, distance from the
fault and slope respectively in the three methods AHP, BWM, and FUCOM have the least effect on the
occurrence of landslides. In addition, the final maps obtained from the three mentioned methods show that
70% of the landslides are concentrated in the northern half of the region and mostly in pasture lands, which
make up about 50% of the basin surface but lands with agricultural and garden use in total with 50% of the
basin area include about 30% of landslides.
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