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Landslides are one of the natural phenomena that cause a lot of financial
and human losses in the country every year. Therefore, identifying
landslide-prone areas to use methods to prevent or deal with slope
instability is very important to reduce their hazard and risk. Landslides
have always been a serious threat to human habitation. The aim of this
study is to use the fuzzy hierarchical process method for landslide risk
zoning in Savadkuh through information layers and factors affecting
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Extended Abstract

Introdction

Landslides are one of the natural phenomena
that play a role in the transformation and
erosion of landforms, which, after
earthquakes and floods, cause the most
damage to human and natural facilities. The
increase in population and human activities,
such as the degradation of forests and
pastures, agricultural lands and the
development of construction in these areas,
reveal issues such as the dangers arising
from this issue. Therefore, the identification
of morphogenic phenomena is of particular
importance. By preparing and reviewing the
landslide risk zoning map, it is possible to
create areas for reducing risk and damage,
properly planning and developing cities, and
organizing and strengthening vulnerable
settlements. The purpose of this research is
to identify the most important factors
affecting landslides in Swadkoh city in
Mazandaran province and zoning the
landslides that occurred in this area in order
to take a step towards solving possible
problems due to the occurrence of this
phenomenon.

Methodology

This research method is descriptive and
analytical, and its type is practical. The
required information and data have been
collected using documentary studies.
ArcGIS10.8 software was used for data
analysis.

This research methodology consists of four
parts. First, the landslide points recorded in
Swadekoh are converted into landslide
zones. Second, the effective variables
(independent variable) in the occurrence of
landslide phenomenon (dependent variable)
are identified. Using the frequency ratio
method, the relative weight of each class of
each variable is calculated to use them in the
preparation of risk zoning maps.

These calculated relative weights make the
layers that, in the next research stage, from
their overlapping, landslide risk zoning
maps in the region are prepared using the
mentioned models. These maps will be
prepared based on the frequency ratio of
landslide areas to non-slide areas and
overlapping functions of the models based

on raster or grid analysis. The independent
variables used in zoning can be considered
as slope factors, slope aspect, elevation,
lithology or geology, land use, faults,
waterways and communication networks.
Finally, by combining the distribution map
of landslides in the city and risk zoning maps
in the ArcGIS environment, we evaluate and
compare the fuzzy operators of landslide risk
zoning using the two methods of total
quality (Qs) and method accuracy (P) and
the appropriate operator is selected
according to the investigated area and it is
suggested to investigate different classes of
landslide risk in Swadkoh.

Results and discussion

According to the calculated relative weights,
the distance from the road variable with a
coefficient of (0.359) is considered as the
most effective factor in the occurrence of
landslides in Swadkoh city based on expert
opinions. The distance variable from the
waterway is in the second degree with
(0.233). After that, the variables of distance
from the fault with the coefficient (0.133),
geology (0.104), soil science (0.058), land
use (0.043), slope (0.026), slope aspect
(0.021) and elevation(0.019) in the next
degrees. The occurrence of landslides is
located in the study area.

The total quality index (Qs) value, which
shows the comparison and evaluation of the
methods in comparison with each other,
indicates that the gamma fuzzy operator with
0.8 with 7.09 has the highest value (Qs)
among other fuzzy operators. So, this
operator is introduced as the optimal
operator for the landslide risk zoning of the
study area. After that, the index value (Qs)
for gamma is 0.9, which is a value of 5
higher than that of other fuzzy operators.
The qualitative addition values for the
gamma operator were calculated as 0.7, and
addition and fuzzy multiplication as 4.62.
Therefore, the most appropriate method of
overlapping fuzzy logic in preparing the
landslide risk map of Swadekoh city is
Gamma 0.8. The values calculated for the
accuracy index (P) also show that the highest
value was obtained for the gamma operator
of 0.8, which indicates that this operator is
more accurate than other operators.
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Conclusion

Due to the presence of rainfall and humidity,
the slopes with the north aspect play an
effective role in creating sliding movements
in the region, and its phase membership
value for the studied region was also areas
made of marl are effective in causing
landslides. The effective factor of the road
shows its obvious role in the occurrence of
landslides in the region with the fuzzy
membership values obtained for its different
categories; the category with a distance of
less than 6000 meters from the road has the
highest amount of fuzzy membership, and
the category with a distance of more than
20000 meters from the road has the lowest
amount of fuzzy membership. The
combination of landslide zones in the
distance layer from the waterway also
indicates that most landslides are in the layer
with a distance of 0 to 600 meters from the
waterway. The lowest fuzzy membership
value was obtained for distances above 3000
meters from the waterway. The most fuzzy
membership among land uses was calculated
for combined garden and agricultural land,
and the lowest value was calculated for
pasture land, stone outcrop and built land
use. Concerning the distance layer from the
fault, based on the frequency ratio method,
the layer with a distance of 0 to 3000 meters
has the most. The areas with distances of
more than 10000 meters have the least
impact on landslides in Swadkoh.
According to the calculated relative weights,
the distance from the road variable with a
coefficient of (0.359) was the most effective
factor in the occurrence of landslides in
Swadekoh. The distance variable from the
waterway is in the second degree with
(0.233). After that, the variables of distance
from the fault with the coefficient (0.133),
geology (0.104), soil science (0.058), land
use (0.043), slope (0.026), slope aspect
(0.021) and height (0.019) in the next
degrees. The occurrence of landslides is
located in the study area.
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