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ABSTRACT

Landslides, among other natural hazards, have had very
devastating effects on lives and finances, especially in the
mountainous regions of Iran and all over the world. Radar
interferometry is an efficient and highly accurate method for
monitoring small movements and measuring displacements in
a wide area of the earth, including landslides. In this study, the
radar interferometry (INSAR) technique was used to monitor
the Tafin-Dagaga axis landslide in Kurdistan province from
Sentinel-1 satellite data to measure ground displacement
during the years 2017 to 2019. By comparing multi-temporal
radar images, this method detects the changes of the earth's
surface with high accuracy and calculates the amount of
displacements. Radar images were collected and analyzed in
different time intervals to accurately evaluate land elevation
changes, settlements and landslides. The results of this method
showed that the ground displacement data during 2018 and
2019 indicate important changes in the ground condition along
the Tefin to Dagaga road. In 2018, the ground displacements
were mostly reported as minor settlements, with an average
displacement of -0.0235 meters. In August, which showed a
relative improvement in the condition of the land compared to
2017. Also, limited settlements with a minimum displacement
of -0.0501 m were observed, which showed instability in some
specific places. On the contrary, in 2019 the situation of
displacements became more severe. The average displacement
reached -0.0376 m, which indicated an increase in land
subsidence compared to 2018. The minimum displacement this
year reached -0.1094 m, raising further concerns about ground
instability in some areas
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Extended Abstract
Introduction
Landslide is the falling down or integrated

and often rapid movement of a volume of
sedimentary materials along the slopes. The
speed of their operation and their extent
often creates spectacular and sometimes
catastrophic phenomena, and tens or
hundreds of thousands of cubic meters of
rock and soil may be removed at once. to
influence This phenomenon works mostly
in separate granular rocks and the presence
of water is necessary for its occurrence.
There are many examples of landslides in
nature and they operate in very different
dimensions, small or large. The deadly
flood of Lon Garn, Italy in 1963 can be a
specific example of it. (Mohammedzadeh,
1401) Landslides play an important
geomorphological role in the evolution of
landscapes It affects the natural
environment (soil, ecosystems, aquatic
habitats, etc.) and built environment
(residential areas, roads, pipelines, etc.).
(Turner and others, 2015) Landslide is one
of the most widespread geomorphological
hazards, which is considered a great threat
to human life, infrastructure and natural
environment in most mountainous areas
with steep slopes.

Methodology
Since the 1980s, the interferometric

technique of synthetic aperture radar
(INSAR) has been used to monitor land
surface deformation and to detect hazards,
for example, earthquakes, ice movement,
volcanoes, landslides, and groundwater
flow (Jia et al. , 2016). There are important
challenges related to the practical use of
satellite radar data in landslide research

(Kalu et al., 2012). In this study, the INSAR
technique was used with Sentinel-1 satellite
data to measure ground displacement
during the years 2017 to 2019. By
comparing multi-time radar images, this
method detects the changes of the ground
surface with high accuracy and calculates
the amount of displacements. Radar images
were collected and analyzed in different
periods of time to accurately evaluate land
elevation  changes, settlements, and
landslides. Also, from topographic maps
1/50000 related to the country's mapping
organization and geological maps 1/100000
related to The Organization of Geology and
Mineral Exploration of the country was
used to investigate the geology and
morphology of the region. The software
used in this research are: scape Sar version
5.2, ArcGIS version 6.10, ENVI version 5.3
and Google Earth, which are used to
prepare and process radar images and
prepare displacement maps related to
landslides. was used.

Results and discussion

Review and comparison of ground
displacement data during several time
periods (from 2017 to 2019) show
significant changes in ground behavior
along the Tafin-Dagaga road. This
comparative analysis can clearly determine
the process of land subsidence and other
geographical changes during these years. In
2017, the average land displacement in this
area was -0.0561 meters, which indicates
extensive land subsidence. The minimum
displacement recorded this year was -
0.0845 m, representing the most severe
subsidence along the route. Also, the
dispersion of displacements in this year is
more than in other years, which can mean
diversity in the behavior of the ground.
Most of the displacements in 2017 are in
the range of -0.0584 to -0.0538 m. In 2018,
the ground displacement was measured in
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two different time periods (July and
August): in July 2018, the average
displacement was -0.0248 m, which is It
has been reduced to 2017. However, the
minimum recorded displacement is -0.0449
m, which indicates the continuation of
subsidence, but with less intensity. In
August 2018, the average displacement
slightly improved to -0.0235 m. The
minimum recorded displacement of -0.0501
m indicates that some points are still
affected by severe ground subsidence, but
the subsidence is generally less and more
uniform. 2019 has seen a further decrease
in ground displacement, with the average
displacement dropping to -0.0376 m.
However, contrary to the reduction of the
average  settlement, the  minimum
displacement reached -0.1094 meters,
which is the most severe amount of
settlement among the compared years. This
shows that although the subsidence process
has improved in general, some places have
experienced severe subsidence that needs
immediate attention. According to the
displacement data from 2017 to 2019, it can
be concluded that the subsidence along the
Tefin to Dagaga road is a The trend is
continuous and worrying. Although the
average displacement has improved in
2018, in 2019, some places have
experienced more severe settlement. These
data show that the region is still exposed to
the risks of land subsidence and continuous
monitoring and protection measures are
necessary.

Conclusion

One of the key factors in the occurrence of
landslides in these areas is the type and
density of geological layers. Areas with
high density of soil layers and unstable
sedimentary rocks are more prone to
landslides. Also, the presence of steep
slopes in some areas provides the
conditions for the occurrence of wider
landslides. In addition, heavy rains and
changes in underground water are also
important environmental factors that have a
great impact on the stability of the earth.
Runoff can put more pressure on the upper
layers of the earth and intensify
instabilities. The distribution of land

displacements in this map shows that the
subsidence and landslides did not occur
uniformly and some areas were affected
more than others. This dispersion may be
caused by a combination of different factors
such as soil type, land slope, and seismic
activity. The pattern of displacements
alsospecifically helps us to identify the
higher risk areas more accurately and take
the necessary measures to stabilize the land
in those areas. To reduce the risks of
landslides in this area, it is suggested that in
addition to stabilizing the soil and building
structures Resistant, early warning systems
for residents and road users should also be
installed. Applying methods to control
underground water and prevent water
accumulation in high-risk areas is also of
particular importance. Also, educational
programs should be implemented for local
residents so that they are aware of landslide
hazards and how to deal with them. The
final landslide map extracted by the fuzzy
method has well separated high-risk and
low-risk areas and provides a powerful tool
for managing landslide risks in this area.
gives The results of this analysis can help
future planning to reduce risks and protect
critical infrastructure. Due to its ability to
manage uncertain data and better separation
of high-risk areas, the fuzzy method is a
suitable method for landslide analysis in
this area and has been able to provide
accurate results.
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