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ABSTRACT

Introduction

In recent years, population growth and exploitation of groundwater for domestic,
agricultural and even industrial water supply in some parts of the world, especially in
basins full of alluvial sediments, shallow seas or unconfined lakes, have led to
subsidence or subsidence of the land surface and created the risk of subsidence. Since
the early 1990s, with the advent of radar satellites, radar interferometry has also been
widely used by geoscientists. Among the various methods for detecting changes in the
Earth's crust, radar interferometry is considered the best method for measuring these
changes in terms of cost, scale and speed. The principles of this technique were first
described by Graham in 1974. Differential radar interferometry calculates the phase
changes from two pairs of radar images taken at different times and continuously, and
accordingly reveals the changes in the Earth's crust quantitatively and qualitatively.
This technique has been successfully used to measure displacements caused by
earthquakes, glacier movements, as well as subsidence and landslide phenomena.
Subsidence, as a morphological phenomenon, is a type of deformation of the earth's
surface characterized by vertical deformation or downward movement of the earth's
surface.

Methodology

In this study, differential interferometry was used from Sentinel 1 images that acquire
images in the C-band range of microwave waves (56 cm). The base image and the
function of geometric and radiometric image corrections were performed in Snap
software, and then the necessary processing was used through the SARSCAPE 5.2
extension in ENVI 5.3 software. The technique used in this study to determine the
amount of subsidence is the differential interferometry method with a combined
aperture of two repeated or non-repeated passes. One of the most basic steps in radar
interferometry processing is the selection of a suitable image pair, and several factors
such as sensor frequency, spatial baseline, temporal baseline, and spatial overlap in the
direction of sensor movement are effective in selecting the image pair. In this study,
two Sentinel 1 images were used, and based on that, calculations related to the vertical
baseline and other factors mentioned in selecting the image pair were performed.
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Results and Discussion

In this study, all research processes, such as selecting the image pair to recovering the vertical displacement phase of
the Shahriyar Plain surface, were carried out, and the capabilities of the new and updated Sentinel 1 images of the
European Union Space Agency were depicted in preparing the areas affected by the subsidence of the Shahriyar Plain.
The output map of positive displacement values is related to the movement of the earth towards the radar view (uplift)
and negative values indicate the earth's surface moving away from the sensor in the direction of the radar view
(subsidence). The results are shown in Figure 4. Examination of the subsidence situation in the last 7 years from 2016
to 2023. The subsidence rate has increased. In 7 years, the Shahriyar Plain has been estimated to be 15 centimeters and
the uplift rate is 5 centimeters. When subsidence occurs in the area, it does not only go down, but also has duality or
uplift. Based on the information obtained from the subsidence map of the Shahriyar Plain, it was determined that we
witnessed a significant amount of subsidence during the studied period. In the subsidence map, the highest level of
subsidence was in the central part of the city and the lowest level was in the southwest of the Shahriar Plain.

Conclusions

The main focus of the present study is to measure the rate of land subsidence in the Shahriar Plain during the period
from 2017 to 2023 using the radar interferometry technique and its relationship with the decline in groundwater levels.
For this purpose, two pairs of time series images from the Sentinel-1 satellite have been used. The subsidence situation
has increased in the last 7 years from 2017 to 2023. In 7 years, the subsidence rate in the Shahriar Plain has been
estimated at 28 centimeters and the uplift rate at 10 centimeters. When subsidence occurs in the area, it does not only
go down, but also has duality or uplift. Based on the information obtained from the subsidence map of the Shahriar
Plain, it was determined that we witnessed a significant amount of subsidence during the studied period. In the
subsidence map, the highest amount of subsidence was in the central part of the city and the lowest amount was in the
southwest of the Shahriar Plain. In order to reconcile the results of radar interferometry with other complementary data,
piezometric wells were used on the Shahriar plain. Land subsidence is a widespread phenomenon worldwide, which
has had significant quantitative and qualitative manifestations in recent decades, mainly due to the excessive
exploitation of groundwater resources and the intensification of its decline. Excessive extraction and the lack of balance
between the feeding of aquifers and their discharge have caused the water table in the region to follow a continuous
downward trend. As the water in the aquifer pores empties and the water in these pores is displaced by air, it causes a
decrease in the pressure balance between the layers.
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Table (1). Characteristics of radar images in the research conducted in Shahriar Plain.

Year Sensor name Sub-image Original image Number
2017 Sentinell S1A_OPER_AUX S1A_IW_SLC__1SDV 1
2018 Sentinell S1A_OPER_AUX S1A_IW_SLC__1SDV 2
2019 Sentinell S1A_OPER_AUX S1A_IW_SLC__1SDV 3
2020 Sentinell S1A_OPER_AUX S1A_IW_SLC__1SDV 4
2021 Sentinell S1A_OPER_AUX S1A_IW_SLC__1SDV 5
2022 Sentinell S1A_OPER_AUX S1A_IW_SLC__1SDV 6
2023 Sentinell S1A_OPER_AUX S1A_IW_SLC__1SDV 7
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Figure (3): Histogram generated fm the output of BaseLine

S99 9 (Kb, YL (hoxo yrolie g ild Cundy Sl g (4) S
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Figure (10) Field survey, October 1, 2024. Road subsidence on the Adaran-Shahriar
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