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1- Introduction

Zoning slip is one of these methods that can help identify critical areas of zoning maps obtained and used in
planning (Azimpour, 2009). Landslides in different areas of the Zagros, including the study area, due to the
geological location and morphology, cause much damage annually. Given the importance and role of this
phenomenon in the sustainability of slopes, agricultural lands and development of urban and rural areas, etc., the
factors affecting landslides and the evidence in the study area have been investigated. The model used in this
research is fuzzy grey analysis. One of the advantages of grey relational analysis compared to other multi-criteria
decision-making methods is that there is no limit on the sample size and normality of data distribution, and in
addition, its computational method is easy. Applying fuzzy theory requires identifying the relevant membership
function based on the experience of experts. However, the grey theory also works well without considering the
membership function and the range of available information. Implementing this technique in a fuzzy environment
will improve the results and eliminate the uncertainties of the decision problem (Wang et al., 2018).

Therefore, due to the grey analysis capabilities, the ultimate goal of this study is a landslide micro zonation using
the available indicators and data and the application of this model.

2- Materials and Methods

This research is descriptive-analytical in terms of type and applied-practical in terms of purpose. In this research,
the data collection tool is a survey and a library whose information and data have been collected by collecting the
opinions of experts and statistical sources of the province. The collected research variables are data and maps of
slope, direction, hydrology, lithology, land use, topography, precipitation and vegetation. The mentioned
materials have been prepared from various statistical sources such as the digital model of surveying organization,
vegetation map resulting from Landsat satellite images and geological data. Finally, this information and data
have been analyzed with a fuzzy grey correlation model. The specialized application software used in this study
were ARCGIS, GS module and its specialized tools.

3- Results and discussion

In order to apply the model used, a map of research indicators in the ArcGIS environment was prepared. The
maps prepared from the research indicators include 1: waterways, 2: slope direction, 3: slope, 4: altitude, 5:
lithology, 6: land use, 7: vegetation, and 8: rainfall. After implementing the fuzzy grey relation, each indicator's
relation coefficient, grey relational rank and membership values were determined and applied to the relevant
maps and layers, respectively. After preparing every map using the weights of grey relational analysis, a fuzzy
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membership function was applied to them, and the relevant maps were generated. In the next step, using
overlapping layers with fuzzy membership degrees, in the ArcGIS environment, the landslide risk zoning map of
the Mollaghafar drainage basin in 5 floors with the probability of very low occurrence is very low, low, medium,
high and very high was extracted. With the studies performed and using the results obtained in the study area's
fuzzy grey relational analysis model, there are no signs of destruction due to natural factors on a large scale.
However, destruction due to complete cutting, road construction, severe grazing, soil compaction, surface and
furrow erosion, and conversion of forests to pasture and agriculture are observed in all areas with a slope of less
than 60%. Among the studied factors, slope with values of 0.7142 and lithology with 0.6802 had the highest and
lowest rank in landslide zoning of the studied area. According to the zoning map (Figure 5), and based on eight
factors affecting landslides in the form of different layers of information, levels with very high to very low risk
were identified in the form of 5 floors. From the whole area that is 1908491 square meters, areas with very low
landslide risk with an area of 430,568 square meters (including 22.5% of the total area of the basin), areas with
low landslide risk with an area of 295033 square meters(including 15.4% of the total area of the basin), areas with
medium landslide risk with an area about 423746 square meters (including 22% of the total area of the basin), an
area of 465431 square meters (including 24% of the total area of the basin) has a high risk of landslides. Finally,
15% of the total area of 294703 square meters is very high risk

4- Conclusion

Since the landslide kills and injures many people in many parts of the world, this necessitates paying attention to
this dangerous phenomenon. Considering the importance and role of this phenomenon in the sustainability,
agricultural land and the development of urban and rural areas, etc. In this research, the factors affecting the
creation of landslides and evidence in the study area have been addressed. Factors such as susceptibility to
variable conditions, unregulated exploitation of forests, non-compliance with technical principles of road
construction and maintenance (forest and rural), lack of proper management, and improper use of available
resources have exacerbated this phenomenon. Landslides kill and injure many people every year in many parts of
the world, highlighting the need to pay attention to this dangerous phenomenon. Given the importance and role of
this phenomenon in the sustainability of slopes, agricultural lands and the development of urban and rural areas,
etc., in the present study, the factors affecting landslides and the existing evidence in the study area have been
investigated. The model used in this research is fuzzy grey analysis. Data were collected, and a map related to
each research variable, including slope, direction, hydrology, lithology, land use, topography, precipitation, and
vegetation, to achieve this study's goal. After standardizing the data, applying the fuzzy grey analysis model, and
preparing the research outputs, examining the area and the final output map shows that in the southeastern part of
the basin, despite the river, the risk of landslides is low due to low slope. It is east, center and northeast of the
basin. Areas with steeper slopes and denser waterways have high vulnerability. Therefore, if measures are not
taken to control surface waterways in the basin, these areas will probably gradually become high-risk areas. The
model was applied to the areas with diverse factors affecting the slip phenomenon to generalize and expand the
research results. This research considers each parameter at a level and for the general indicator. It is suggested
that the relevant specialists determine the excellent indicator of each factor with Delphi methods, and the results
are compared.
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Fig. 3. Definition of fuzzy membership functions of research parameters.
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Table 3. Grey correlation coefficient of indicators in Mollaghafar catchment.
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Hydrology (water network)
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Table 4. Grey relational rank of each index.

Rain

Petrology fall

Vegetation | Height

Hydrology

Land Steep

Use direction Slope | Mollaghafar catchment

0.6802 0.7081 0.6892 0.6992 0.7111

0.7028

0.7137 0.7142 | Grey relationship rank
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Fig. 4. Maps prepared from research indicators for the study area.
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Fig. 7. Graph of area and percentage of five landslide classes in the study area.
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