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G . ) 2
SR I S S R R Eole | & c‘a % %
Bl e ¢ | ¥ | & e {\g; Lo e % cg . N %
|- S T = ' T
R I N K| T | % |
s o5 | 0.000 | 0.342 | 0.297 | 0.570 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.289
% mBlne [ 0.271 | 0.000 | 0.163 | 0.333 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.176
S
=
é o5 o | 0.085 | 0.081 | 0.000 | 0.097 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.059
sidshisesss | 0.644 | 0.577 | 0.540 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.476
el 0.000 | 0.000 | 0.000 | 0.200 | 0.000 | 0.102 | 0.098 | 0.081 | 0.108 | 0.082 | 0.085 | 0.108 | 0.080 | 0.079 | 0.000
ok 0.000 | 0.500 | 0.000 | 0.000 | 0.177 | 0.000 | 0.186 | 0.170 | 0.222 | 0.171 | 0.173 | 0.222 | 0.169 | 0.169 | 0.000
a5 <5 | 0,000 | 0.000 | 0.000 | 0.200 | 0.126 | 0.146 | 0.000 | 0.117 | 0.155 | 0.118 | 0.121 | 0.155 | 0.116 | 0.116 | 0.000
s x| 0.000 | 0.000 | 0.000 | 0.200 | 0.032 | 0.034 | 0.033 | 0.000 | 0.035 | 0.031 | 0.031 | 0.035 | 0.027 | 0.026 | 0.000
b 0.000 | 0.000 | 0.000 | 0.200 | 0.256 | 0.279 | 0.264 | 0.250 | 0.000 | 0.251 | 0.253 | 0.312 | 0.249 | 0.250 | 0.000
Q
i awb Job | 0.000 | 0.000 | 0.000 | 0.200 | 0.046 | 0.048 | 0.047 | 0.039 | 0.051 | 0.000 | 0.045 | 0.051 | 0.038 | 0.037 | 0.000
QD
5l alols
’ N 0.000 | 0.500 | 0.000 | 0.000 | 0.066 | 0.070 | 0.068 | 0.056 | 0.074 | 0.058 | 0.000 | 0.074 | 0.055 | 0.054 | 0.000
anly
«i9s | 1.000 | 0.000 | 0.000 | 0.000 | 0.256 | 0.279 | 0.264 | 0.250 | 0.312 | 0.251 | 0.253 | 0.000 | 0.249 | 0.250 | 0.000
“:é 0.000 | 0.000 | 0.500 | 0.000 | 0.023 | 0.024 | 0.023 | 0.022 | 0.025 | 0.022 | 0.023 | 0.025 | 0.000 | 0.019 | 0.000
&5
J&H 0.000 | 0.000 | 0.500 | 0.000 | 0.017 | 0.018 | 0.017 | 0.016 | 0.018 | 0.017 | 0.017 | 0.018 | 0.016 | 0.000 | 0.000
[Cadd]
g gzzzf' 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
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ot [E T A T |E %[

> slid (0 0.00 0.17 | 0.15| 0.28 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.29

g waldlgyun 0.14 0.00 | 0.08|0.17 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.18

%’- e by 0.04 0.04 0.00 | 0.05 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.06

v Siedr9e55 0.32 0.29 | 0.27 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.48

el 0.00 0.00 | 0.00|0.10 | 0.00 | 0.10 | 0.10 | 0.08 | 0.11 | 0.08 | 0.09 | 0.11 | 0.08 | 0.08 | 0.00

ok 0.00 0.25 0.00 | 0.00 | 0.18 | 0.00 | 0.19 | 0.17 | 0.22 | 0.17 | 0.17 | 0.22 | 0.17 | 0.17 | 0.00

(o) A 0.00 0.00 0.00 | 0.10 | 0.13 | 0.15| 0.00 | 0.12 | 0.16 | 0.12 | 0.12 | 0.16 | 0.12 | 0.12 | 0.00

o S 0.00 0.00 | 0.00|0.10 | 0.03 | 0.03 | 0.03 | 0.00 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.00

S- b 0.00 0.00 | 0.00|0.10 | 0.26 | 0.28 | 0.26 | 0.25 | 0.00 | 0.25 | 0.25 | 0.31 | 0.25 | 0.25 | 0.00

%' aly Jobo 0.00 0.00 0.00 | 0.10 | 0.05 | 0.05 | 0.05 | 0.04 | 0.05 | 0.00 | 0.04 | 0.05 | 0.04 | 0.04 | 0.00

anlyl l adlols 0.00 0.25 | 0.00 | 0.00 | 0.07 | 0.07 | 0.07 | 0.06 | 0.07 | 0.06 | 0.00 | 0.07 | 0.05 | 0.05 | 0.00

Sidsd 0.50 0.00 | 0.00|0.00|0.26 | 0.28 | 0.26 | 0.25 | 0.31 | 0.25 | 0.25 | 0.00 | 0.25 | 0.25 | 0.00

Bl by 0.00 0.00 0.25 | 0.00 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.00 | 0.02 | 0.00

=2l el 0.00 0.00 0.25 | 0.00 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.00 | 0.00

g P e s Ay 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
SARgi > il g YV Jgaa
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g eddly 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

%- o) b 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
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9 o) AT 0.12 0.12 0.12 | 0.12 | 0.12 | 0.12| 0.22 | 0.12 | 0.12 | 0.12 | 0.12 | 0.12 | 0.12 | 0.12 | 0.12

g' b S 0.03 0.03 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03

G 0.22 0.22 022 1022022 |022)0.22|0.22|022|0.22]|0.22]|0.22|0.22|0.22 | 0.22

asly Jobo 0.05 0.05 | 0.05|0.05|0.05 | 0.05|0.05|0.05|0.05|0.05]|0.05|0.05| 0.05| 0.05 | 0.05
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Abstract

Introduction

Landslides are dangerous and catastrophic phenomena. Which each year has many effects on human
societies, including economic damage, infrastructure destruction and environmental failure. In this
regard, the production of accurate zoning maps of landslide sensitivity is an important issue for risk
management studies. In this study, the risk of landslides in the Nirchai catchment area is evaluated.
Nirchai catchment area drains about 170 square kilometers of the southern slopes of Sabalan volcanic
massif. There are several large landslide massifs in the area of this basin, which indicates that the
basin is prone to landslides. Failure to pay attention to this important issue in regional development
planning can have irreparable consequences. Therefore, in the present study, landslide risk zoning is
attempted in the area of this basin, which can identify stable and unstable zones in terms of landslide
occurrence. Preparation of landslide risk zoning map in Nirchai catchment area by combining and
superimposing variables affecting the occurrence of this phenomenon using network analysis process
(ANP) model and in the framework of GIS Took. In recent years, humerous researches have been
done on spatial assessment and landslide risk zoning. The following are just a few of these studies that
are somehow related to the methodology used in the present study. Yousefi and Yarahmadi (1398)
assessed landslide risk using a combined model of network analysis (ANP) and fuzzy logic in the
Salavatabad basin of Sanandaj. The results showed that among the 8 factors studied on landslide
occurrence, slope and geological criteria with weights of 0.243 and 0.194, respectively, had the
highest weight in landslide risk zoning. Jafari et al. (2017) used landslide risk zoning in Badranloo
catchment using ANP method. According to this study, the most important factors affecting the
occurrence of landslides in the study basin are slope slope, lithology, distance from the river and
annual rainfall.

Methodology

In the present study, the risk of landslide occurrence in the Nirchai catchment area (Aghlaghani Chay)
is zoned. The study basin is located in the geographical coordinates of 47 degrees and 46 minutes to
48 degrees and 1 minute east longitude and 38 degrees and 1 minute to 38 degrees and 15 minutes
north latitude and is considered as one of the sub-basins of Balikheluchay. Nirchai is politically-
administratively located within the cities of Nayr and Sarein in Ardabil province and Sarab in East
Azerbaijan province. Of course, most of this basin is located within the city of Nayr (Figure 1). The
study basin has an elongated shape and with the general trend of northwest-southeast, it drains parts of
the southern slope of Sabalan volcanic massif. The area of Nirchai catchment is 170 square kilometers
and its perimeter is about 114 kilometers. In this study, 10 variables were used to prepare a landslide
risk zoning map. These variables include: rainfall, distance from the river, geology, altitude, slope,
slope direction, slope length factor, land convexity, land use and vegetation. To prepare and prepare
these variables, data were used as follows: The variables of height, slope, slope direction, slope length
and ground surface convexity were extracted from the image of digital area height model (DEM) with
a resolution of 27 meters. Through these images, the waterways of the region were also extracted
using the Hydrology tool of ArcGIS software. In the present study, in order to zoning the risk of
landslides in the Nirchai catchment area, the network analysis process (ANP) model in the form of
Geographic Information System (GIS) was used. The following is a description of the model used.
Network analysis process is one of the multi-criteria decision-making methods and is included in the
set of compensatory models. This model is designed based on the hierarchical analysis process and in
it, the network has replaced the hierarchy. The network analysis process, in contrast to the hierarchical
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analysis method, has a nonlinear structure and considers intra-cluster dependence and inter-cluster
dependence. The reason for the success of the model is the high correlation of its results with the real
world and popular decision-making and in the real world with its complexities.

Discussion

Evaluate the spatial distribution of variables affecting landslides: In this section, the spatial evaluation
of the variables affecting the landslide at the level of Nirchai catchment is discussed: Elevation: The
distribution of Nirchai catchment heights is shown in Figure 2. The lower and upper elevations of the
basin are of lower importance in the event of landslides. In fact, low altitude and the presence of
sloping lands in the downstream parts of the study basin are largely considered as a limiting factor of
landslides because they play a significant role in increasing rainfall, vegetation density and other
variables affecting A landslide event does not occur. At very high altitudes in the basin, the violence
of climatic elements and the dominance of steep and precipice morphology cause slippery processes
to other slope instability processes such as rockslides and overturns. Therefore, in the process of
pairwise comparisons, they have less weight. Thus, it can be said that landslides occur in the middle
levels of the basin are more likely to occur. Most of the landslides in the region are also located at
these altitudes; Hence, they have a higher weight. Land use: In the present study, the land use layer of
Nirchai catchment was extracted from Google Earth satellite images (Figure 10). The mountainous
nature of the study basin has caused the pastures with poor vegetation to good use to be the main
study basin. In this regard, over 66% of the study area includes various types of rangelands, among
which the share of good, medium and poor rangelands are about 19, 35 and 12%, respectively.
Rainfed agricultural lands cover about 19% of the basin area and are mainly concentrated downstream
and on low to medium slope lands. Irrigated agricultural lands cover only about 7.8% of the basin
area. These lands are mainly concentrated downstream of the basin and correspond to the main valley
of Nirchai. Calculate the weight of variables affecting landslides: As previously mentioned, in the
present study, the network analysis model (ANP) was used to calculate the weight of each of the
variables affecting the occurrence of landslides. In table (1), the initial disproportionate supernatant of
the ANP model, in table (2), the initial weighted supermatrix of the ANP model and in table (3), the
limit matrix of the ANP model are presented.

Conclusion

The results of the network analysis process (ANP) model show that the two variables of slope and
geology are the most important in relation to landslide occurrence in the Nirchai catchment. In fact,
these variables along with the variable of precipitation (presence of water) are the main controllers of
landslides in the study basin. Landslides in the region have occurred especially on slopes of 20 to 40%
and corresponding to the slopes consisting of highly aerated volcanic lava. Therefore, the mentioned
variables act on the scale of the whole basin and determine the landslide potential at different levels of
the study basin. The performance of other variables remains more local. The results of landslide risk
zoning in Nirchai catchment area show that about 9.8% of the basin area is in high risk class and
19.3% of the study area is in high risk class. Is. A significant part of the middle parts of Nirchai Basin
are located in these classes. In fact, the joint operation of many variables affecting the landslide event
has caused these zones to have a high slip potential. Existence of suitable landslide slopes (especially
slopes of 20 to 40%), weathering geological formations, medium altitude, heavy rainfall with
snowmelt water, high drainage density, high convexity of the ground surface, etc. lead to High
sensitivity of the middle parts of Nirchai catchment to landslides.
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