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Article Info ABSTRACT

Article type: Land subsidence as a geological and geomorphological disaster has serious negative
effects in many countries and regions of the world. In this research, it was tried to use 5
images of Sentinel 1 satellite for the period of 27/02/2017 to 01/01/2021 in order to
Article history: measure and calculate the land subsidence. For this purpose, the land subsidence was
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investigated in four time periods, and the results of these four periods show the maximum
amount of subsidence in the first period of 17 cm, in the second period of 8 cm, in the third
period of 5 ¢cm, and in The last period was 12 cm. In terms of the spatial distribution of
subsidence in all periods, the maximum subsidence corresponds to the western and
northwestern parts of the plain. In order to measure the land subsidence potential in the
Kermanshah plain, a possible subsidence map was prepared using a hierarchical analysis
model. In order to do this, eight factors affecting land subsidence were used, including
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the western and northwestern part of the plain. Due to the fact that this part of the plain is
also in the maximum range of land subsidence. Therefore, the comparison of the maximum
subsidence in both mentioned methods shows the complete matching of the results.
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Introduction

Natural hazards threaten the lives of many people across the world. Included in these hazards is land subsidence.
According to the US Geological Survey, land subsidence refers to the settlement or downward sinking of the
earth’s surface with little horizontal displacement vector (Khorshid-Doust et al. 2017:82). In recent decades,
subsidence has caused horrific damages driven by its climatic, morphological, and geological conditions, on the
one hand, and the uncontrolled expansion of cities and mass constriction sites, and the rising industrial and
mining activities, on the other hand. In the meantime, Iran, together with Egypt, China, and India are the four
countries that have suffered the highest damages in this regard (Fakharzadeh-Torbati, 2017:3). For this, this
study aimed to use the D-InSAR technique within a four-year interval (from 2017/02/27 to 2021/01/01) to
calculate the level of subsidence using four interferometers. Then, to measure the potentiality of the land
subsidence risk, Kermanshah’s plain capability map of the subsidence peril was prepared and evaluated. To elicit
the said map, the hierarchical analysis zoning model was used.

Data and Method

To survey the subsidence, the main step was to identify the area and measure the rate of this phenomenon. This
is nowadays possible by using radar image processing. To do this measurement, five images of the Sentinel-1
sensors in the ascending and transit 174 orbits were used. The processing stages of these images were carried out
in the SNAP/9 software environment. Then, to measure the potentiality of the land subsidence, the possible risk
zoning of the subsidence in Kermanshah’s plain was performed using eight factors affecting the subsidence
sensitivity, including the drop of groundwater levels, land use, the density of the number of wells, distance from
faults, the geological log of piezometric wells, soil science, slope, and the slope direction. According to this
method, layers of the data intended, having been provided, were converted into a raster file with a system of
similar coordinates. Then, after classifying them in a GIS software environment and determining the value of
each effective factor, the hierarchical analysis technique in the Expert Choice environment was used to provide
the final map.

Results and Discussion

This study used the remote sensing method to calculate and measure the level of land subsidence for 4 years in
Kermanshah’s plain. To do this, five Sentinel-1 images in the ascending orbit within the four-year interval were
used. The results indicated that the rates of subsidence for the first period (from 2017/02/27 to 2018/01/05), the
second period (from 2018/01/05 to 2019/01/12), the third period (from 2019/01/12 to 2020/01/05), and the fourth
period (from 2020/01/19 to 2021/01/01) were 17, 8, 5, and 12 cm, respectively. The spatial distribution of the
maximum subsidence in each period was noted in the western and northwestern parts of the plain. Later, to
measure the potentiality of the land subsidence and determine the factor affecting it in the region, the zoning of
the plain’s subsidence risk possibility was conducted. For this, the eight factors affecting subsidence, including
water level drops, fine-grain deposit thickness, slope, land use, well density, distance from rivers, and slope
direction were used to zone the plain. After weighing each layer, expert views were used to provide the final risk
zoning map, which was divided into five classes very highly-likely, highly-likely, moderately-likely, less-likely,
and very less-likely.

Conclusion

Land subsidence is a globally-recognized phenomenon, and many studies worldwide have begun identifying and
monitoring its risks. For this, the present study used five Sentinel-1 images from 2017/02/27 to 2021/01/01 to
measure and calculate it. Thus, the phenomenon of subsidence was investigated for the four above-mentioned
periods, with the maximum subsidence rates being 17, 8, 5, and 12 cm for the first, second, third, and fourth
periods, respectively. In terms of spatial distribution, the maximum subsidence was noted in the western and
northwestern parts of the plain. To measure the potentiality of the subsidence in the plain, the possible
subsidence map using the hierarchical analysis model was provided. To provide this map, the eight factors of
water level drops, land uses, well numbers, the earth’s slope, wells’ geological log, slope direction, soil, and
distance from faults were used. The map revealed that 21.9% of the plain’s area had a very highly-likely risk
possibility, while 27.2% had a highly-likely risk possibility in the western and northwestern parts. This part of
the plain is characterized by agricultural use and suffers from the highest water drop rates, thick fine-grain
deposits, and a dense number of wells. Thirty-two percent of the plain’s area includes a class of low and very
low-likely rates of subsidence, covering the eastern and southeastern parts, where water levels are the lowest,
and the fine-grain deposits are less thick with few numbers of wells. A comparison of both measurement and
zoning methods suggests they are fully consistent, suggesting the validity of the D-InNSAR method. In both
methods, the maximum level of subsidence was in the western and northwestern parts, while the minimum level
was in the eastern and southeastern parts.
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