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Fig. 1. Geographical location of the study area
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Abstract

In this study, images from the Sentile 2 satellite have been used. In the study, the proximity of
the images was taken into account to minimize the error due to changes in gray scale. Also in this
study, GIS and remote sensing data and SNAP software were used as tools.According to the
subsidence zones obtained in the study area, it is observed that the maximum amount of
subsidence around the tomb of Sheikh Mohammad is between 80-90 mm per year of landslide.
The results show that the highest rate of subsidence in the study area is due to agricultural use
and irrigated agriculture in the region. This problem may be mainly related to the issue of
groundwater extraction for agriculture and drinking, and possibly other factors such as geology
and tectonics. The centralization of the maximum rate of subsidence in residential areas has led
to relatively insecure living conditions for the inhabitants and increased their vulnerability to land
hazards. Also, considering the results of the steps taken to study the phenomenon of land
subsidence in the study area, it is concluded that the phenomenon of land subsidence has a
significant relationship with the grain size and with the lowering of the water table. Therefore,
the combination of radar interference methods with high spatial resolution with high
spatial resolution, satellite positioning systems with high temporal satellite positioning
systems with high temporal resolution, and precise alignment with very high accuracy,
is a good way of to study the movement of the earth's surface.

Keywords: Subsidence, Kazerun plain, DINSAR, Sentinel.

Introduction
Land subsidence, as a morphological phenomenon, is a type of deformation of the earth's surface that
involves vertical deformation or downward movement of the earth's surface, as well as gradual
subsidence or sinking of surface materials. In other words, the phenomenon of land subsidence
involves the collapse or sinking of the earth's surface, which may have a small horizontal
displacement vector. This movement is not limited in terms of intensity, extent or the areas affected.
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Many factors cause subsidence (Moradi et al., 2019). However, various technigues and methods have
been used to study the extent and nature of land expansion and to measure behavior in relation to
subsidence. One of the most recent and effective methods is the technique of interfering with radar
images. In general, groundwater pumping and effective stress conditions in the field, continuous
compaction and viscosity and loaded soil characteristics, dense crust thickness, instantaneous loading
time and the presence of loading as effective factors in subsidence generation have been introduced.
(Moradi et al., 2019). Landslides can destroy irrigation systems and farmers' fertile soils (by reducing
their porosity). Damage to wells in rural and urban areas is quite common, leading to well collapse
and causing phenomena called well growth or piping ( Amighpey, and Arabi, 2009). Since the early
1990s, with the advent of radar satellites, radar interference has also been widely used by geologists.
Radar data interference (INSAR) between different methods for detecting changes in the Earth's crust
is considered the best method for continuous measurement of these changes in terms , scale and speed
(Arab Ameri et al., 2018).

In general, radar interferometry (INSAR) is a valuable technique for measuring ground deformation
due to its high spatial resolution and ability to obtain information remotely. Differential
interferometry is the phase difference between two images of the same region taken at two different
times. It is used to estimate the deformation of a region. To measure the behavior of a deformation
phenomenon, we need to examine the temporality of a phenomenon in a study area. Therefore, several
images from different time periods should be availablefrom that area and several mapping
interferences between different time periods should be included in the calculations to calculate the
deformation rate (Roozban et al., 2016).

Materials and Methods

This study used images from the Sentile 2 satellite. In this study, the proximity of the images was
taken into account to minimize the error due to changes in gray scale. Also in this study, GIS and
remote sensing data and SNAP software were used as tools for image coding, processing, analysis
and output. Geographic information systems and remote sensing data have facilitated and used
analyses of processes and patterns of change over time and space. Images used:
S1A_IW_SLC__1SSV_20150928T023018 20150928T023045 007909 _00BOA9 2A63.zip
S1A_IW_SLC__1SDV_20210908T023055_20210908T023122_ 039584 04ADD1 9316.zip.

Results and Discussion

According to the map obtained from the amount and amplitude of subsidence using the radar
interference technique, it is observed that very large areas of the pit and the Kazerun plain have been
exposed to land subsidence. Thus, the final map of the average rate of subsidence resulting from the
analysis of the 2015 and 2021 time series for the entire subsidence area is shown in Figure (Figures
3 and 4). In this map, the redshift of the red areas indicates subsidence and the blue areas indicate an
increase between the two periods - that is, in 2172 days, this amount has shifted. The maximum rate
of subsidence in the region is therefore estimated to be about 9 cm per year. According to the
subsidence zones obtained in the study area, it is observed that the maximum amount of subsidence
around the tomb of Sheikh Mohammad is between 80-90 mm per year of landslide. The presence of
joints, cracks and fissures in various buildings and cracks in the ground observed during field visits
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may be one of the effects of land subsidence in the study area. The area around Burj Sokhteh-e-Olia
village, around Kenar-e-Sabz tomb and around Alimoradi mountain also shows subsidence of 40-40
mm. The area around the village of Pirabolhassan is also a high-risk area, with a subsidence of 10-20
mm. Further, around the cities of Kazerun and Khesht, including the areas around the villages of Tel
Milk, Mahbodi, Walid Abad, Rabmalek, Fatehabad, Javalghian, Mordak, Hassan-Abad Rilemi,
Telenadri, Kaskan, around Mount Dovan, around the Shahpour River in Next are the subsidence lines.

Conclusions

The results show that the highest rate of subsidence in the study area is attributed to agricultural use
and irrigated agriculture in the region. This problem may be mainly related to the issue of groundwater
abstraction for agricultural and drinking purposes, and possibly other factors such as geology and
tectonics. The centralization of the maximum rate of subsidence in residential areas has created
relatively insecure living conditions for residents and increased their vulnerability to land hazards.
Also, the main cause of subsidence in the Kazerun plain is the uncontrolled extraction of water from
groundwater aquifers with the findings (Roozban et al, 2016; Arab Amiri et al, 2018; Moradi et al,
2016; Ebrahimi et al, 2016; Shafiee et al, 2019; Abidin et al, 2015, Faunt, 2015, et al, 2017, Motagh
et al, 2016, 2015 Bhattarai) has it. Moreover, considering the results of the steps taken to study the
phenomenon of land subsidence in the study area, it is concluded that the phenomenon of land
subsidence has a significant relationship with grain size and with the decline in groundwater level. In
areas with fine grains, compaction is more pronounced than in areas with coarse grains, leading to
subsidence. The results of the population and housing studies showed that one of the densely
populated areas of the Kazerun Plain is at risk of subsidence if the open spaces with agricultural and
industrial activities are removed. Therefore, the combination of radar interferometry methods with
wide coverage and high spatial resolution, satellite positioning systems with high temporal resolution
and precise alignment with very high accuracy is a good way to study the movement of the earth's
surface.
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