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Subsidence is an environmental phenomenon caused by the gradual or
sudden sinking of the earth's surface. Subsidence in residential,
industrial, and agricultural areas can cause catastrophic damage. In
most parts of Iran, there is a high correlation between land subsidence,
the decrease in groundwater level, and the density of soil layers. This
study calculated the amount of subsidence in Damaneh plain (Frieden
city) using two time series of radar images from Sentinel sensors
acquired in 2014 and 2019. Changes in water level of the region's
piezometric wells were investigated using data from 9 wells during
2014 to 2019, and the results showed a significant correlation between
land subsidence and changes in groundwater level at a 95% confidence
level. Continuing the research, a logistic regression model was used to
predict the subsidence trend in the study area and prepare a subsidence
probability map. The independent variables used in the model included
altitude, slope, slope direction, geology, distance from the road,
distance from the river, land use, distance from the village,
groundwater level, and piezometric wells. The output of the model is a
subsidence risk zoning map categorized into five classes. The accuracy
and validation of the logistic regression model were evaluated using
the system performance characteristic curve, and an accuracy of 0.89
was obtained. The logistic regression model showed good accuracy in
producing the probability map of subsidence in the study area.
According to the model's output, an area of 1980 hectares, equivalent
to 7.9% of the total area, is experiencing very severe subsidence. This
poses a dangerous situation and calls for control and management
measures to reduce this destructive effect.
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Introduction

One of the basic and increasing problems in many countries, including Iran, is the
phenomenon of subsidence. In recent years, there has been excessive extraction of water
from aquifers in most provinces of Iran, which has led to subsidence in many plains. In some
cases, this has even caused wells to completely dry up and resulted in the destruction and
depopulation of these areas. The Damane Plain, located in Isfahan, is particularly vulnerable
to this issue due to its climatic conditions. Deep wells are commonly used for agricultural
purposes in the Damane Plain, leading to the overexploitation of these resources.
Consequently, the number of wells and their water quality have decreased, causing land
subsidence and damaging the urban and rural infrastructure in the region. This is an
important issue that could have been prevented. This research aims to estimate the level of
subsidence in the region using radar interferometric techniques, explore its correlation with
piezometric wells, and ultimately predict the future extent of subsidence in the upcoming
years.

Methods and Material

Based on its purpose, the current research is divided into applied research, and the method
of collecting information is library-field. The data prepared includes Sentinel 1 satellite
images, land use prepared from Sentinel 2 satellite images, ASTER digital elevation model,
and geological map. To further the research goals, Sentinel 1 sensor products, specifically C
band, were utilized from 2013 to 2018. This data is one of the SAR image level products,
with a spatial resolution of 5 meters and a 12-day acquisition period. Information regarding
the underground water resources of the study area, which includes the distribution of
piezometric wells and their water level changes, was prepared from Isfahan Regional Water
Company. Field data was collected using the Global Positioning System (GPS). Various
software programs, such as ArcGIS and SNAP, were used during the research to prepare and
analyze the available data. The following criteria were used from different sources to produce
the analysis: height, slope, direction of slope, land use, geology, distance from the river,
distance from the road, and distance from the well. These criteria were constant variables in
the research, and the subsidence variable was analyzed using a logistic regression model to
calculate the influence of each criterion on subsidence. The areas prone to subsidence were
identified for a twenty-year period using the logistic regression model, and the validity of
the model was determined using the ROC curve.

Results and Discussion

According to the results obtained from the analysis of the radar images presented, the
classified map and supplementary information, we have observed a change in the water level
in the area. Except for the mountainous areas, there has been an accumulation of sediments
resulting in a decrease in the water level by up to -45 cm. In this research, the area in question
was investigated from 2014 to 2019 using the data of Mahora Grace and three algorithms -
crs, gf, jpl - on Google Earth. According to these algorithms, the water level in the region
has decreased. The logistic regression formula indicates that the groundwater level, distance
from the well, and geological formation have the highest influence coefficient in the model,
with coefficients of 6.0042, 3.681, and 2.66 respectively. It has been observed that in some
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areas with high well density, there is a direct relationship between these two variables and a
decrease in the groundwater level, which leads to subsidence. The probability of subsidence
is higher in these areas. On the other hand, the distance from the road and the distance from
the village have the lowest coefficients, with -0.0032 and -0.0004 respectively. The logistic
regression model with an AUC value of 0.89 indicates a very good evaluation, and the land
subsidence risk zoning in the study area has been accurately performed.

Conclusion

In this research, two time series of radar images with artificial aperture from the Sentinel
sensor belonging to the years 2014 and 2019 were used to investigate the amount of
subsidence in the plain of the calculation range and the changes in the water level of the
piezometric wells in the area. The information from 9 wells between 2013 and 2018 was
used for this investigation. It was found that the correlation between land subsidence and
underground water level changes was significant at the 95% level. Using the logistic
regression model, the subsidence trend of the studied area was predicted and a subsidence
probability map was prepared as a dependent variable for the logistic regression model. It
was determined that the changes in the land surface ranged from 3 to -45 cm. The output of
the model is the subsidence risk zoning map, which was created in five classes. The accuracy
of the logistic regression model was assessed and validated using the characteristic curve of
the system performance, and an accuracy of 0.89 was obtained, indicating good accuracy of
the model. In the production of the map, it was determined that an area of 1980 hectares,
equivalent to 7.9%, has subsidence with a very severe degree. This situation has put the
region in a dangerous condition and requires control and management to reduce it. This has
a destructive effect.

Keywords: Sentinel radar, logistic regression, subsidence, plain domain
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