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1- Introduction

Landslides are natural hazards that destroy nature and often cause severe damage to natural
resources and loss of life and human property (Intaravichin and Dasananda, 2010; Feyzzadeh et
al., 2013). Despite significant advances in risk analysis and landslide risk management, this
natural hazard remains a real threat to the lives and property of people in mountainous areas
(Getz et al., 2011). Natural factors affecting landslides can be rainfall, lithology, slope, and the
like (Talebi and Niazi, 1390). Among the natural factors affecting the occurrence of landslides,
we can mention factors such as rainfall, lithology, slope, and the like (Talebi and Niazi, 1390).
In general, Iran is considered a high-risk country due to favorable geographical conditions, lack
of comprehensive environmental management, and non-compliance with environmental
thresholds. Approximately 38 hazards have been identified and recorded in Iran, and due to the
multiplicity, diversity, recurrence, and severity of natural hazards and environmental unrest are
among the ten most prosperous countries in the world (Mohammadi et al., 2004). Considering
landslide hazard zoning map is essential for a proper understanding of its mechanisms in recent
research (Sun, 2014).

2- Methodology

In order to prepare a landslide susceptibility map using Dempster-Schiffer theory, first, using
the landslide database, the General Department of Natural Resources of Mazandaran province,
and field studies, landslide points in the region were identified. During the field observations,
the accuracy of the collected information was evaluated, and the position of the landslide
points was checked using the Global Positioning System (GPS), and 26 new landslides were
recorded. A total of 134 slide points were examined. In this research, 12 information layers
including altitude map, slope direction, slope degree, slope shape, distance from fault, distance
from road, land use, geology, distance from waterway, Slope length or sediment transport
index (STI), topographic moisture index (TWI) and vegetation were prepared and classified
using ArcMap and ENVI software using 1: 50,000 topographic maps, 1: 100,000 geology,
geology and satellite imagery, IRS for 2012. In order to evaluate the Dempster-Schaefer theory
in landslide risk analysis, the relative performance curve of the relative efficiency of variables
(ROC) is used. ROC curve analysis is used to determine the accuracy and efficiency of the
model (Egan, 1975; Soots, 1988; Williams et al., 1999). This curve is one of the most efficient
methods in providing diagnostic properties, probability identification, and prediction systems
that quantitatively estimate the model's accuracy (Soots, 1988). The area under the ROC curve
represents the prediction value of the system by describing its ability to accurately estimate its
occurrence events (landslide occurrence) and its non-occurrence events (non-landslide
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occurrence). Therefore, the area of the curve is used as a measure of the accuracy of the model.
In this study, out of 134 slip points, several points were used for modeling, and part of it was
used to evaluate the model (with a ratio of about 70 to 30%) (Matthew et al., 2007;
Pourghasemi et al., 2009; Constantine et al., 2010).

3- Discussion & Conclusions

The study of the slope factor shows that although the highest percentage of landslides is related
to the class of 15-30 degrees with 52.127 percent, which is consistent with the views (Moradi
et al., 2010). However, the highest weight is related to the class of 5-15 degrees, which can be
attributed to road construction and unprincipled constructions that have caused the slope to be
cut in the region. No landslides have been observed or recorded in areas with a slope above 50
degrees, which can be due to the rocky outcrop and the lack of soil layer in the high slopes.
According to the results of this study, the western and southern slopes with 19.15% and 18.1%,
respectively, had the highest percentage of landslides in the region, which with the results of
studies (Pour Ghasemi et al., 2009) and (Lee, 2007) corresponds. The study of altitude factors
indicates that the altitude class of 1000-500 with 56.38% of landslides, the highest number of
landslides, and the altitude class of 0-500 have the highest weight, also, with increasing altitude
in the study area, the sensitivity to landslides decreases, which is consistent with the studies of
Moradi et al. (2010) and Pourghasemi et al. (2011). At altitudes above 2000 m, no landslides
have been observed or recorded, which indicates a decrease in sensitivity to landslides with
increasing altitude (Moradi et al., 2010). The highest weight for the geological factor belongs
to group 1, which includes deposits and unhardened alluvial deposits of the Quaternary period,
while the highest percentage of landslides occurred in the units. The lithology of the Shemshak
Formation is located at 37.23%, which is consistent with the views (Naji, 2006), (Shadfar et al.,
2008), (Pourghasemi et al., 2011). The study of the linear element of the distance from the
waterway has shown that because the highest percentage of landslides occurred at a distance of
more than 400 meters at the rate of 31.915%. However, the highest weight in calculations by
class is allocated 0-100 meters, which is in accordance with the opinions (Pourghasemi et al.,
2009), (Dokota et al., 2013). Investigation of the distance from the road showed that the
highest percentage of landslides occurred at a distance of more than 500 meters (30.85%);
however, the highest weight in the calculations to the class 0-100 for the distance from the road
is allocated which is consistent with the results of studies of Mazouki et al. (2011),
Pourghasemi et al. (2009, 2012).
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