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Fig 1 .Map of the geographical location of the study area in the country and Mazandaran province
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Fig 2. Field picture of road landslides in Kalijan-Rostaq District of Sari a) Road landslide in Vastan village area b)
Road landslide in Ajarstaq village
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Fig 3. An image of flat interferogram generation using radar data
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Fig 4 Flowchart of the research method of South Sari region
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Fig 5 .Satellite image of the stud area and its surroundings with Landsat 8 satellite data processing
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Fig 6. Geological map and distribution of different formations of the studied area and its surroundings
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Fig 9. Surface displacement rate map obtained by interferometric technique with stable scatterer
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Fig 10. The location map of the distribution of the points of surface displacement, landslides and prone areas on the
interferogram from the data pair processing of Sentinel-1 radar around Painkoula village and the region
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Abstract

Landslide is one of the hazards that occurs as a result of
the intervention of various natural and human factors in
the steep slopes. In recent decades, due to climate
changes, periods of drought, and changes in land use, it
can be seen in most parts of the world, along with
financial and human losses. The country of Iran and the
province of Mazandaran has a high history of
occurrence of various types of landslides due to the
existence of various conditions and factors of geology,
geomorphology, hydrology, climate and land use
changes. more than 85%. The results of this research
showed that the region has a high potential for
landslides, and most of the unstable and landslide areas
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are related to the areas near faults, springs, and on the
sensitive formations of Shamshak of the second
geological period, as well as on the areas of land use
change. And they are located around the roads. 42% of
prone and drifting areas are scattered along the
roadsides, 40% of them are in changed user areas, and
18% are scattered along the banks of rivers. The result
is that the interferometry method for monitoring and
identifying landslide areas in areas with vegetable and
agricultural cover is one of the appropriate methods that
is suitable in terms of cost and time, and the results of
this study are useful for the executive management of
regional risks.This study focuses on monitoring and
mapping the natural areas of Kilijan-Rostaq Sari sector,
using interferometry (INSAR) and radar data processing
and using SNAP software. In this research, due to the
limitation of the forest cover of the studied area, the
radar data of Sentinel-1 satellite has been used in the
period between 2014 and 2020. Active landslides and
landslide-prone areas in the region have been monitored
in the form of specialized interferogram maps. In order
to verify the accuracy and accuracy of the results, a field
visit was carried out, and the accuracy of this study was

Problem design: Mass movement is the movement of
a large volume of soil, stone or a combination of them
down the slope due to gravity (14). This phenomenon
occurs when the force resulting from the weight of the
material exceeds the shear strength of the soil (8). In
different regions of the world, natural disasters happen
in different ways and in different sizes, shapes and
environments. These hazards cause financial and human
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losses worldwide every year (26). Among all natural
disasters, landslides are one of the most dangerous and
costly hazards, so that landslides usually cause damage
to roads, settlements, cities, facilities, forests, pastures,
and watersheds (5). In the last few years, heavy and
prolonged rains in most parts of the country have caused
dangerous floods, especially in the northern provinces,
as well as numerous landslides (13). The speed of the
study process and cost reduction and the high accuracy
of studies in predicting and preventing the occurrence of
landslides from natural hazards are among the serious
concerns of managers and people (20). In Iran, due to
the mountainous nature of a large part of the country
and the presence of various ups and downs, especially in
the northern regions of Iran, the occurrence of
landslides is one of the most common natural disasters
(13). Landslide study strategy includes recognizing the
process, risk analysis and predicting future landslides to
reduce the progress and damage caused by it (23).

Purpose: Considering that there are many landslides in
Mazandaran province, it is possible to predict areas
prone to road landslides by using interferometric remote
sensing technology (InSAR) and GIS. It reduced the
financial and life damages caused by it and reduced the
cost of the study and increased the accuracy and speed
of the study.

Methodology: In this study, we used the Sentinel One
radar satellite data using Snap software and ENVI
software in processing. The management of landslides
as one of the geomorphological hazards usually includes
three general phases, which are the identification of
landslides, the monitoring of landslides, and finally the
stability of landslides, which is usually associated with
construction operations. In the first stage, the
identification of landslides is usually helped by satellite
images and their processing, aerial photos, drone
photos, and field visits. In other words, these
information, data, documents, pictures and tools are
used to identify landslides in different areas. Checklists
of landslides with their appearance and behavioral
characteristics are determined by visual images and
satellite images, drones and aerial photos by
experienced people as well as field visits by the
geological team. At the end of this survey, maps under
the title of landslide zoning maps will be prepared. First
of all, this process is time-consuming and contains
mistakes and errors of human vision, and secondly, in
these images, only the slips that have occurred can be
identified and analyzed; However, due to the large size
of radar images, the size of several tens of kilometers,
the interferometer (INSAR) technology can be easily
used to detect displacement and surface changes of the
earth. Using displacement rate maps, surface
movements of a wide area and area were investigated

and monitored during the time of image preparation;
That is, the information obtained from these maps will
speed up the process of preparing landslide risk zoning
maps and improve the validity and accuracy of the
information. Also, considering the landslide areas in the
satellite images and observing its topographical surface,
it will show the possibility that the obtained
displacements are caused by landslides.

Results and discussion: In this research, in order to
monitor and display the existing landslides and to
discover landslide-prone areas in the Kalijan-Rostag-
Sari area, which is based on the Sentinel 1 radar satellite
data in the period from 2014 to 2020 with
Interferometer  (INSAR)  stable  scattering and
interferometry with short baselines have been processed
and analyzed. An interferometric interferogram image
was prepared from these radar data. Also, from these
interferometer images of selected pixels known as stable
scatterers, about twelve thousand pixels were selected in
the stable scatterer interferometric method and eleven
thousand pixels in the interferometric method with the
study baselines within the study area. Is. In the
continuation of the processing, the output results of both
fans were combined and merged with each other; The
overlapping points of both methods have been
determined. The results of both mentioned methods
indicate the presence of movement in small and large
sliding masses of the region and indicate their
movement activity. Also, the results of this research
showed that in addition to the existing and examined
landslides in the region, there are movements and
displacements in several parts relative to the line of
sight of the surveyors, which have not yet shown any
special effects in the region. And therefore, these areas
may become a big mass movement in the future. The
average displacement rate of the earth's surface in the
line of sight of the sensor in the stable scattering
interferometric method is between 1.5 and 4.7 mm per
year.

Conclusion: Since landslides are one of the most
important natural disasters in Mazandaran province and
occur every year in steep places due to various reasons
such as active faults, heavy rainfall, changes in land use,
sensitive and weak formations. it happens. It causes a
lot of loss of life and money. The study of this risk is
usually done in traditional and old ways; But in this
study, using the new method using Sentinel 1 radar data
and the interferometric method (InSAR) using the
advanced Snap software, advanced maps have been
produced in the form of interferograms. In the
interferogram map produced from radar data, the
distribution and dispersion of the landslide and prone to
landslide areas are shown in color and the bands with
displacement rates are specified. This map shows that
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the area has a high potential for landslides and requires
the implementation of stability operations and
stabilization of landslides. The maps produced in the
GIS environment and the field observations beautifully
show the relationship between the location of the
landslides and the numerous faults in the region, as well
as the formations sensitive to erosion, the changes in
land use and the hydrographic network. The results of
this research show He said that the region has a high
potential for landslides, and most of the unstable and
landslide areas are related to areas close to faults,
springs, and on sensitive Shamshak formations of the
second geological period, as well as on areas of land use

change; Therefore, the interferometry method for
monitoring and identifying landslide areas in covered
areas is one of the methods that is cheaper and more
accurate in terms of cost and time.
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