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Fig. 1. Study area and Historical landslides
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Abstract

Background and Objective Landslide as a terrifying
disaster can cause human and economic losses and the
destruction of cultural and natural heritage. While the
need for a method to directly predict the location of
landslides has vital importance but currently, the
prediction is not possible. The zoning of landslide
hazard can be an efficient indirect approach. This
paper proposes a method for landslide hazard zoning
based on the decision fusion and Analytical Hierarchy
Process (AHP) in the Semirom of Isfahan province.
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Materials and Methods In the first step of the
proposed methodology of this research, GIS
information layers of the study area are collected.
Then by using of fuzzy and non-fuzzy hierarchical
analysis method and based on expert knowledge, the
layers and sub-layers were weighted. In addition, two
different overlay methods including weighted overlay
and fuzzy overlay are applied for zoning of the AHP
and fuzzy AHP results. Combination of both AHP and
fuzzy AHP methods with two overlay methods create
four zoning maps for the area. The Fuzzy Overlay tool
makes it possible for the analysis of the possibility of
a phenomenon belonging to multiple sets in a multi-
criteria overlay analysis. Not only the fuzzy overlay
determines the influential members in the occurrence
of a phenomenon but also analyzes the relationships
between the memberships of several sets. Weight
overlapping is one of the most effective methods used
to overlay analysis to address multiple-criteria
questions such as location selection and appropriate
models. This method will adopt the values in the input
raster to a common evaluation criterion for suitability
or priority, risk, or appropriate scale.
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The cell values of each row of inputs increase with the
increase of importance of the raster. It also combines
the resultant cells to produce the output raster. After
obtaining four zoning maps, a decision fusion strategy
is applied for the fusion of these maps. Decision
fusion systems or in general data fusion or
combination strategies combines various decisions
made from different methods or data to ultimately
make decisions that are more precise and reliable than
the result obtained from a single decision. One of the
most important and effective methods for integrating
decisions is based on the concept of voting. In this
method, one vote is assigned to each decision. The
simplest form of this method is known as the majority
voting. In this method, if all decision-making methods
have the same weight and accuracy, the decision of all
strategies for an input sample is considered to be the
same weight, and the decision with the highest score
will be introduced as the winning class for the input
sample.

Results and Discussion The study area is located
approximately 60 kilometers from Semirom city.
Also, this area is located in Marbur River watershed.
Generally, different factors can be effective in slope
instability and landslide, which in this research, slope,
aspect, distance to fault, distance to roads, distance to
drainages, distance to residential areas, lithology and
rainfall were selected for assessing the landslide
phenomenon. These effective layers are obtained from
information data such as Digital Elevation Model
(DEM), fault lines, rivers location, streams location,
residential areas, roads location, lithology and
synoptic stations. The digital elevation model (DEM)
of the region is prepared with 30 meters pixel size
from the USGS website. By using DEM in GIS, slope

and aspect maps in five classes are created. Faults map
of the studied area is obtained from 1:100000 geology
map of the Geology organization center of the
country. Also, by using Euclidean distance in GIS,
distance to faults layer is created in five classes. For
preparation of rainfall map, the rainfall content of the
studied area has been used from the average rainfall
data of the Iran Meteorological Organization in the
last 10 years of 19 meteoroidal stations. Based on the
rainfall information, the area is divided into five
classes. Roads map of the area is obtained from
1:25000 map of National Cartographic Center. The
distance to road layer is created from roads map of the
area and divided into five classes. For drainage and
residential area maps, a 1:25000 map from NCC is
applied. Also, distance to residential area layer is
created by this map in five classes. For assessment of
the lithology in this area, a 1:100000 geology map is
applied.

Conclusion Results showed that the zoning methods
provide satisfactory results, but eventually the results
were improved with the decision fusion strategy. For
validation our finding the results were compared with
historical landslides. Based on the results, it was
concluded that zoning by four different combinations:
hierarchical analysis and overweight analysis,
hierarchical analysis and fuzzy overlay, fuzzy
hierarchical analysis and weighted overlay, and fuzzy
hierarchical analysis and fuzzy overlaying, have a
precision of 80%, 86%, 75% and 88% respectively.
After integrating the results of these four methods, the
accuracy of the zoning increased to 90%.

Keywords: Fuzzy analytical hierarchy process
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