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Land subsidence usually occurs in cities and surrounding areas due to the indiscriminate
harvesting of underground aquifers and the natural risk of earthquakes, the result of which
may be revealed in the long term in residential areas and facilities as well as
geomorphological landforms. Therefore, in order to better evaluate and manage resources,
time and place monitoring of subsidence is necessary. In investigating land subsidence,
identifying the extent and rate of this phenomenon is an important step, but due to the slow
rate of subsidence, ground measurements may not be cost-effective and require special
equipment. Therefore, remote sensing technology and SBAS radar interferometric
technique with the possibility of long-term monitoring of the subsidence phenomenon and
solving the problems of the traditional D-Insar method can be useful in this kind of study.
In the last few years, Iran has faced a crisis of earthquakes and subsidence in different
regions. On the other hand, the problem of indiscriminate mining of underground aquifers
is also discussed by researchers. One of the recent big earthquakes is the earthquake of 17
November 2018 in Turkmenchai, 25 km from Sarab, which was accompanied by a
significant vertical displacement. Therefore, it seems necessary to investigate the
subsidence of this area. The aim of this study is to estimate the subsidence rate of a part of
Sarab city using the SBAS radar interferometry technique and the Sentinel 1 radar image
series in the period from 2018 to 2021. Another goal of this study is to investigate the
condition of the groundwater table in the subsiding areas as well as the land use condition
of the region. The use of the SBAS technique considering the great earthquake of
November 1998 and the condition of underground aquifers in this area can be considered
an innovation of the present study.
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Introduction

Land subsidence usually occurs in cities and surrounding areas due to the indiscriminate harvesting of
underground aquifers and the natural risk of earthquakes, the result of which may be revealed in the long term in
residential areas and facilities as well as geomorphological landforms. Therefore, in order to better evaluate and
manage resources, time and place monitoring of subsidence is necessary. In investigating land subsidence,
identifying the extent and rate of this phenomenon is an important step, but due to the slow rate of subsidence,
ground measurements may not be cost-effective and require special equipment. Therefore, remote sensing
technology and SBAS radar interferometric technique with the possibility of long-term monitoring of the
subsidence phenomenon and solving the problems of the traditional D-Insar method can be useful in this kind of
study. In the last few years, Iran has faced a crisis of earthquakes and subsidence in different regions. On the
other hand, the problem of indiscriminate mining of underground aquifers is also discussed by researchers. One
of the recent big earthquakes is the earthquake of 17 November 2018 in Turkmenchai, 25 km from Sarab, which
was accompanied by a significant vertical displacement. Therefore, it seems necessary to investigate the
subsidence of this area. The aim of this study is to estimate the subsidence rate of a part of Sarab city using the
SBAS radar interferometry technique and the Sentinel 1 radar image series in the period from 2018 to 2021.
Another goal of this study is to investigate the condition of the groundwater table in the subsiding areas as well
as the land use condition of the region. The use of the SBAS technique considering the great earthquake of
November 1998 and the condition of underground aquifers in this area can be considered an innovation of the
present study.

Data and Method

In the current research, SBAS interferometric technique was used with the time series processing of Sentinel 1
images in the period of 11/14/2018 to 01/02/2021 to investigate the subsidence of a part of Sarab city. The
technique of differential radar interferometry is for extracting a map of the shape of the earth's surface on a large
scale with an accuracy of centimeters to millimeters. SBAS technology is based on the singular value
decomposition (SVD) algorithm and based on a suitable combination of interference of differential views to
analyze time series and obtain the average annual displacement rate (subsidence rate) of the studied area on SAR
images. In the following, the land use map of the studied area in 7 classes (barren, communication road, rainfed
and water agriculture, residential area, river, snow cover, water, poor pasture) using the Landsat 8 image of
2021, with the necessary pre-processing Using the FLAASH model and object-oriented technique, it has been
done to investigate the subsidence in different uses. In the continuation of the research, the data obtained from
the regional water organization related to piezometric stations have been used to estimate the state of the
groundwater table in the region.

Results and Discussion

In the present study, after improving the accuracy of baseline measurement in radar images, the connection
graph was formed and the master cloud image was selected. And then using the Goldstein filter (Werner, 1998)
and applying the least squares method, the interferograms were formed and the displacement value was
calculated. According to the findings, we see an uplift in the northern parts of Sarab city and scattered
subsidence in different areas with maximum and minimum values of 2-9 c¢cm per year in the region. The
remarkable thing is the changes after the great Turkmenchai earthquake and around 2021 in this region.
According to the findings, the highest rate of subsidence is observed around agricultural use and pasture, which
is more obvious around the city of Sarab. The investigation of the underground water table in the region showed
that the underground water has been experiencing ups and downs from 2003 to 2018, but since the beginning of
2019, a sudden decrease in the water table level has been observed. Therefore, both the lowering of the
underground water level and the big earthquake can be the cause of the subsidence of the region, but according
to the studies, it seems that the 2019 earthquake was more effective. On the other hand, fault plates and fractures
and their impact on the penetration of running water and the abundance and quality of underground water
resources cannot be ignored.
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Conclusion

According to the results of the present study, four cases are significant; one is that the subsidence that occurred
in the region can be affected by the drop of underground water. The second case is the time of subsidence, which
seems to have a stronger role in the occurrence of earthquakes; The third case is the fluctuations of the aquifers,
which according to the mentioned materials can be due to the movements of the fault plates and the change of
the direction of the aquifers and the permeability pattern. The fourth case is the earthquake of November 8, 2019,
in Turkmenchai, which is not unlikely to be due to the change in the condition of the table and the drop that
happened in them. According to the surveys, it seems that all four cases can be involved in the changes in the
region. But each case needs to be investigated separately and in detail. It is worth mentioning that the amount of
subsidence obtained in the region needs to be checked by experts and provide suitable solutions to reduce the
rate of subsidence. It is suggested to use other techniques in future studies, such as the PSI technique in the
region or other areas where there is a possibility of subsidence. Investigating the influencing factors in the drop
of underground water is another suggestion of this study.
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