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Objective:Landslides are one of the natural hazards that threaten human life and property.
Landslides may destroy tens, hundreds, and perhaps thousands of hectares of land in a
short time in an area. This hazard has been destroying orchards, farms, forest areas,
pastures, communication roads, and rural settlements in the Mishkhas mountainous region
of llam province for years. Landslide hazard zoning is necessary to control this hazard in
this basin. The main purpose of this research is to zone landslide hazard areas in this
watershed.

Methods:One of the new methods for assessing landslide risk is the artificial neural
network method. This method has advantages over other methods, the statistical
distribution of the data is independent and does not require special statistical variables. In
this study, first, a landslide distribution map was prepared in the selected basin. Then, the
relationship between independent variables such as slope, lithology, distance from the
fault, land use, distance from the road network, distance from waterways, slope direction
and areas affected by landslides was examined. After preparing the weighted maps, these
layers were converted into numerical information in the ArcGIS software environment and
after standardization, they were imported into the MATLAB software and a program with
a perceptron structure with an error backpropagation learning algorithm was written. After
determining the structure of the artificial neural network and training and testing it, the
results were evaluated and the network output in the geographic information systems
environment was converted into a landslide hazard map.

Results:A landslide hazard map was prepared and the resulting hazard map was divided
into different hazard zones, classification and the amount of landslide in each zone was
calculated. The results of the study of factors showed that in the Mishkhas basin of llam,
Asmari Formation, slope class of 10 to 20 percent, class with a distance from the fault of
more than 500 meters, northeast direction, distance from waterways of more than 100
meters, orchards are the most sensitive land uses and distance from the road is more than
200 meters, the classes are most sensitive to landslide occurrence and have the highest
frequency of landslide occurrence in the basin.

Conclusions:The results of landslide risk zoning in the Mishkhas Basin of Ilam using the
artificial neural network method show that 11.21, 6.55, 13.63, 36.94, and 31.68 percent of
the basin area are in the very low, low, medium, high, and very high risk classes,
respectively. About 80 percent of landslides are in the high and very high risk zones.

Cite this article: Asgari, Sh., & Shadfar, S. (2025). Landslide hazard zoning using artificial neural network in the Mishkhas
watershed of Ilam. Spatial Analysis Environmental Hazards, 11 (4), 61-76. http//doi.org/10.61186/jsaeh.11.4.4

© The Author(s)
BY NG DOI: http//doi.org/10.61186/jsaeh.11.4.4

Publisher: Kharazmi University



https://orcid.org/0000-0003-2968-4277
https://orcid.org/0000-0000-0000-0000
mailto:s.asgari@areeo.ac.ir
mailto:shadfar@scwmri.ac.ir

Spatial Analysis Environmental Hazards, Volume 11, Issue 4, 2025 62

EXTENDED ABSTRACT

Introduction

Landslides in the Mishkhas mountain basin of llam province are a very important issue that
threatens the residents of this basin, farms and orchards, and it is necessary to plan for it in
this basin. The importance of this issue, considering the role of this type of erosion in land
degradation, requires that its risk zoning be addressed in order to plan for comprehensive
management plans for the use of executive bodies and pay special attention to this
phenomenon in regional planning, as well as to provide appropriate solutions and instructions
for the prevention and control of high-risk areas. Since the artificial neural network method
has been used very little in Iran for landslide risk zoning, this research focuses on landslide
risk zoning using the above method. This article is extracted from the National Research Plan
for Landslide Hazard Zoning using Artificial Neural Network (ANN) in selected watersheds
of East Azerbaijan, Ardabil, llam, Tehran and Mazandaran provinces. The Mishkhas
watershed of Ilam province was selected due to the destruction of orchards and agricultural
lands by landslides and the economic and social necessity of the region. The aim of this
research is to zone landslide hazard areas in this watershed. Using the artificial neural network
method, the most sensitive classes of each factor to the occurrence of landslides and those
with the highest frequency of landslide occurrence in the watershed were determined. The
artificial neural network method identifies areas with high and very high risk in terms of
landslide hazard, and the executive body can take necessary measures to prevent the
destruction of orchards that are directly related to the livelihood of the Mishkhas watershed
based on the results of the model of this research.

Methods

In this study, in order to prepare maps of effective factors and a map of landslide occurrence
distribution, the following basic thematic maps and satellite images of the study area were
used: - Geological map (scale 1:100,000) of the Geological Organization of Iran to extract the
map of effective factors of rock units or lithology, land use map (scale 1:250,000) and extract
the fault trend map for the distance and proximity of the landslide to the fault, and to extract
the land use map, the soil erosion map of the Soil Conservation and Watershed Management
Research Institute was used, and the road map of llam province was used to prepare the
distance and proximity map to the road. Digital elevation data (DEM) from the PALSAR
sensor of the Japanese ALOS satellite with a spatial accuracy of 12.5 meters are used to
extract hydrogeomorphometric maps including catchment area and altitude, slope gradient,
slope aspect, and distance to drainage. It is necessary to explain that the above-mentioned
maps available at different scales were used as the basis for initial information recognition.
Then, based on the information of SENTINEL?2 satellite images with a spatial accuracy of 10
meters, their information scale was refined and unified to a scale of 1:100,000. In other words,
the spatial data that was at a smaller base scale (1:250,000 such as land use) was refined with
SENTINEL2 satellite data to a larger scale (1:100,000). From Google Earth images, in order
to verify the maps of the effective factors, as well as to identify and determine the areas of the
landslide occurrence and complete the information, the landslides were visited in the field and
using a GPS device, the landslide points were verified and the location and height above sea
level and the area of the landslides were recorded. Next, to prepare and enter spatial data for
the model, all the required maps, including the maps of the effective factors, were resampled
in the ArcGIS®10.8 environment in a raster format with a similar and identical cell size of 25
meters. The software used included ArcGIS@10.8 to create and manage the spatial database
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of influencing factors, analyze and execute the model and output maps, SAGA GIS@4.9 to
prepare hydrogeomorphometric information layers, SENTINELZ2 to process satellite images,
and EXCEL@2019 to create the descriptive database of information layers, and SPSS@26 for
statistical calculations and analyses.

Results

The results show that the slope class of 10 to 20 percent has the highest frequency ratio, this is
consistent with the results of research conducted in the Peltan basin of Tonekabon County, the
highest proportion of landslides in the slope class of 10 to 30 percent (Shadfar., 2006) and the
occurrence of landslides in the slope class of 10 to 40 percent (Chen et al., 2011). In general,
the results showed that there is no linear relationship between increasing slope and landslides,
so that the landslide rate increases to a certain extent of the slope and then has a decreasing
trend. The class with a distance from the fault of more than 500 meters has the highest
frequency ratio and the Asmari Formation with a frequency ratio of 3.49 has the highest unit
in terms of landslide occurrence in the studied basin. This is consistent with the results of
research conducted in the Shirin-Rod Tajan basin, which identified lithology as the most
important factor in causing landslides (Fiznia et al., 2003). Also, landslides are more common
in formations with less resistant rocks (Chen et al., 2011). In the Mishkhas basin, the
northeast direction with a frequency ratio of 1.44, the distance from the watercourse of more
than 100 meters with a frequency ratio of 1.26, and the distance from the road of more than
200 meters with a frequency ratio of 1.13 are the most sensitive classes to the occurrence of
landslides in the studied basin. This is consistent with the results of research by Klarestaghi et
al (2006), who consider the trend of decreasing landslide numbers with increasing distance
from the road to be an indication of the effect of road construction on the occurrence of
landslides.

Conclusion

In the Mishkhas basin, orchards are the most sensitive land use with a frequency ratio of 1.70.
This is consistent with the results of research conducted by Fiznia et al (2003) in the Shirin-
Rud-Tajan-Sari basin in Guilan province. The performance results of the neural network
model in different numbers of hidden layers (3 to 20) and different learning rates (LR) (0.1 to
0.5) showed that the performance results of the model in the Mishkhas basin indicate that the
model in the learning rate of 0.1 and the number of hidden layers of 7 has provided the best
performance (RMSE = 0.22). The results of landslide risk zoning in the Mishkhas basin of
Ilam using the artificial neural network method are 11.21, 6.55, 13.63, 36.94 and 31.68
percent of the basin area are in the very low, low, medium, high and very high risk classes,
respectively. About 80 percent of landslides are located in high and very high hazard zones.
Rajabi et al (2018) in the Azarshahr Chay basin, Rezaimoghadam et al (2017) in the Doab Al-
Shater basin, Bakhtiariet et al (2018) in the Seymareh-Homian basin, and Yilmaz et al (2009)
in Turkey concluded that the artificial neural network method is a more suitable method for
investigating landslides than other methods.
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