Summer 2021, Vol 19, Num 63 Geography and Development 1 147

Modeling of Mass Movements and Management of Areas sensitive to the
Occurrenceof these Movements Using Statistical Algorithms and

Mohamad Hosein Rezaei Moghadam'*, Davood Mokhtari Koshki 2, Nasrin Samandar

Neural Network (Case study of Ojan Chay catchment)

3

1. Professor of Geomorphology, Faculty of Planning and Environmental Sciences ,University of Tabriz
2. Professor of Geomorphology, Faculty of Planning and Environmental Sciences ,University of Tabriz
3. Ph.D Student of Geomorphology, Faculty of Planning and Environmental Sciences ,University of Tabriz

|Rezaei Moghadam, M H & Mokhtari Koshki, D & Samandar, N. (2021). [Modeling of Mass Movements and
Management of Areas sensitive to the Occurrence of these Movements Using Statistical Algorithms and Neural
Network (Case study of Ojan Chay catchment)]. Geography and Development, 19 (63), 147-174.

REIE http://dx.doi.org/10.22111/310.22111.2021.6190

Received:10/01/2020
Accepted :24/08/2020

Keywords:

Mass movements,
Artificial neural
network, GIS, Logistic
regression model.

ABSTRACT

Slope instabilities are one of the major natural hazards in mountainous areas that cause significant
damage to human activities each year. The purpose of this study was to compare the artificial
neural network model with the logistic regression model to evaluate the risk of mass movements
and amplitude instability and to identify the effective factors in this phenomenon in Ojan Chay
basin. The purpose of the results of the statistical models is to determine the regions with potential
of occurrence of instability and finally to prepare a hazard zoning map for the study area. And then
the layers are prepared. Distribution map of slope instabilities that occurred in the basin was
prepared and integrated with the map of factors affecting the movements and slope distribution
map of the slope. Distance from fault, land use, distance from village and road, distance from
drainage network were calculated in ArcGIS software environment.ROC, Pseudo R square and Chi
Square coefficients were used to evaluate the outputs of the models used. The results showed that
the percentages of high risk zones in neural network model and logistic regression were 10.32%
and 5.06%, respectively, which mainly include the lithologically restricted zones of these areas. .
Also the neural network model with ROC value is 0.89 more efficient than logistic regression for
zoning the occurrence of domain instabilities; based on zoning using neural network model,
respectively, 40.32, 22.15, 18.32, 8.89,10.32 of the area is classified as very low, low, medium,
high and very high risk classes.
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noncommercial 4.0 International License which permits copy and redistribute the material just in noncommercial usages, provided the original
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Extended Abstract reducing potential damage and risk management.

Landslide is one of the main geomorphic processes

1. Introduction affecting the evolutionary landscape in mountainous

dentifying areas sensitive to mass
movements, including landslides,
from risk modeling with appropriate
and efficient patterns, is a key step in

areas that has caused catastrophic events. During this
process, soil and surface materials are affected by
gravity, heavy rainfall, earthquakes, soil erosion and
human activities such as degradation. Vegetation and
improper engineering operations are located and flow
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analyzed in different areas. Researchers consider
various factors to be effective in landslides, including
altitude and slope direction, heavy rainfall and water
infiltration into cracks and fissures, activity of large
and active faults, the existence of drainage networks
and waterways, land use and its changes. The
diversity of texture and lithology and the type of soils
in the region that is effective in strength and
permeability, geology of the region and human
activities including road construction are the most
important factors in landslides. After identifying the
effective factors in landslides, the studied methods
should be reviewed. Researchers have used different
methods for landslide zoning, and the performance of
each of these methods varies in different regions.
Although valuable fundamental studies have been
conducted in the field of geomorphology of Sahand
mountain but the present study in order to continue
the implementation of development projects and
achieve the desired results in the future, for the first
time to identify and determine areas to mass
movements, materials have been studied in the
study area. The catchment area of Ojan Chay River
is located on the eastern slopes of Sahand, which
drains the waters of the eastern slopes of this
mountain . This river is 35.77 long and with the
area of the catchment area in geographical
coordinates between 47 31 46 to 17 47 4 east
longitude and 54 40 40 36 to 38 9 8 north latitude.
After draining a part of the eastern slope of Sahand
Mountain, this river finally joins Aji Chai River in
Tabriz. The maximum height of the basin is 3478
meters and the lowest height in the outlet of the
basin is 1528 meters. In this basin, in addition to
Bostan Abad city, which is located in the central
part of the basin, there are about 71 rural
settlements. In the present study, two methods of
artificial neural network and logistic regression
model were used to zoning the landslide risk in
Ojan Chay basin. The neural network model is a
computational mechanism that is able to provide a
new set of information by taking information and
calculating it.

2. Methods and Material

Fuzzy set of effective factors: In the present study,
in order to standardize continuous and discrete
factors, the fuzzy set of user identifiers was used.
Given that there is no clear boundary in these sets,

in other words, their conversion between
membership and non-membership in a set is
gradual, so the fuzzy set is determined by its fuzzy
membership degree and the range between 0 to 1
belongs to them. This range indicates a steady
increase from non-membership to full membership.
In other words, weight 1 was given to the sub-
criterion with more proportionality to the landslide
event and zero weight was given to the least
proportionality in the mentioned event to determine
the exact score of each layer and then the prepared
layers were entered into the software environment
to be used in The next step is to fuzzy. Logistic
regression is one of the predictive statistical
methods that uses independent variables to predict
the expansion of the dependent variable. In the
present study, which wused GIS approaches,
independent and dependent criteria were turned into
rasters. In other words, the landslide-dependent
variable was considered as a binary layer and the
independent variables were considered as fuzzy
standardized layers (zero to one) or classified. It
should be noted, however, that the class-dependent
variable is a follower of the logistic curve.

3. Results and Discussion

Neural network prediction: In most predictions,
three-layer perceptron neural networks are used due
to its widespread use. In the artificial neural
network (ANN) method, they are trained by a
limited set of real data, and if effective parameters
properly selected on the phenomenon under study
and given to the network, we can expect to receive
logical answers from the network. Perceptron One
neural network, a leading multilayer network,
including one or more input layers, one or more
there is a hidden layer and one or more output
layers. The input nodes receive information from
the outside and the results are extracted through the
neurons of the output layer of the network. In
prediction using multilayer perceptron neural
network method, the effective factors in landslide
occurrence as input neurons and independent
variables as well as landslide occurrence layer as
dependent and educator layer of network entered
the Idrisi software environment. After combining
the layers, which were prepared with pixels of the
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same size, the areas that had a slip effect along the
path were drawn and examined around their surface
in GIS, followed by the pixels that had a slip effect.
The value of 1 and other pixels took the value of 0
(Boolean logic) and was applied in a separate
column. In this way, the layer prepared and fuzzy
by the software entered the Idrisi environment and
the neural network model was applied on them.
Also, the validity of each model and the result
obtained from them were extracted by Roc method,
which is an efficient method for determining the
validity of the results. Landslide risk zoning,
assessment and zoning of hazardous areas with a
scientific and accurate method can be the most
appropriate way to reduce the risk in terms of cost
and time, in addition to identifying areas prone to
landslides affected by landslides and landslides.
Along with the production of zoning chips is an
important issue for risk management. In landslide
risk zoning, landslides are divided into separate
areas of varying degrees of low to high risk; this
process is based on recognizing natural properties
and quantitative modeling based on existing area
data. There are several methods for landslide risk
zoning, but they are generally divided into two
categories: direct and indirect methods. Direct
zoning methods are based on judgments based on
slippery areas and indirect methods, including
recent research, are based on identifying controlling
factors and combining these factors as indicators.
Landslide potential.. To zoning the risk of
landslides, it is necessary to prepare the layers of
effective factors in the occurrence of the
phenomenon of slope instability, which effective
factors according to the studies are up to 10 main
factors. The geology of the region is considered as
one of the effective parameters in the occurrence of
landslides and its diversity often causes differences
in the stability and strength of rocks as well as the
diversity of soil type. According to the geological
map of the study area the lithology layer of the area
was prepared according to the strength of the
available rocks. After extracting all the layers in the
next stage of work, each of the extracted layers was
cut with the layer of mass movements that occurred
and based on the histogram and the area of
occurrence of mass movements in each of the layers

of layers in some layers they were reclassified as
the slope direction. In other words, fuzzy set was
performed based on the histogram of the occurrence
of domain instability in each of the existing classes.
Such studies were performed using the histogram
model and based on the frequency of educational
data in each of the parameters and fuzzy it has also
been based on this performance. After
standardization of each parameter, 10 factors as
independent variables and landslides occurred as a
zero and one binary layer and as a dependent
variable for the logistic regression model, as well as
standardized factors as input neurons. The
landslides occurred as an instructor of the artificial
neural network model with multilayer perceptron
algorithm.

According to the above relationship, lithology,
distance from the river, distance from the fault,
height, slope and direction of land slope,
precipitation, land use have played the most
effective role in creating slope instabilities in the
study area, respectively. The validation rate of the
logistic regression model has been done using Chi2,
PR2 indices and also the validation and validation
of the logistic regression model has been done using
the ROC index. In other words, it shows the success
rate of the model compared to the error. Also, the
accuracy of this index was estimated to be 0.83,
which indicates the relatively high accuracy of the
model. In fact, the closer the number obtained from
the ROC index to 1, indicates the accuracy of the
model used.

4. Conclusion

The present logistic regression and the artificial
neural network perceptron Ojan Chay have been
performed with the aim of identifying areas with
high potential for mass movements. Coefficients
obtained from the models Movements are affected
by lithology, distance from the river, distance from
the fault, height, slope and direction of slope,
precipitation, land use. About 37% of Ojan Chay
catchment area is located in very high, high and
medium risk areas in terms of the occurrence of
mass movements. These zones include the heights
of the basin, especially the northern slope of Sahand
and also Ojan Chay valleys. In the case this place
are made of sandstone, and conglomerate, the most
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instability and landslides occurred, especially on the
slopes of the north and northeast; It has an effective
range in the field of instability. range of 350 to 400
mm with shale and alluvium. There are many
villages along this route that have medium to high
hazards in terms of the occurrence of mass
movements of the material, and these phenomena
cause great damage to the houses, roads,
agricultural lands and gardens of these villages.
According to the studies carried out in the region
and the exit maps of the risk zoning, the potential
for instability in this region is very high and
requires an urgent need for planning and control
measures so that the amount of high risk areas In
the logistic model it is 5.06 percent and in the
neural network model it is 10.32 percent.

Keywords : Mass movements, Artificial neural
network, GIS, Logistic regression model.
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