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Table 1. Satellite images used for interference
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Abstract

In the present study, to investigate the occurrence
of land subsidence in Isfahan plain, SNAPS.0
software and radar differential interferometry
technique were used. For this purpose, after
processing Sentinel-1A images in the period 2019-
2015, rate and intensity subsidence maps were
prepared in the desired period. Also, changes in
groundwater water level in the period 2002-2018,
as one of the geodetic factors affecting subsidence,
were studied to match the points that have
subsidence. Then the output of SNAP software was
studied using ArcGIS10.8, with land use layers and
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average water level changes and Maps of mean
subsidence changes, groundwater drop, standard
deviation and time of maximum subsidence were
prepared. The results show the occurrence of
subsidence phenomenon in areas with groundwater
decline with urban use, roads and agricultural lands
with a maximum rate of 14.2- 20.8 cm in the years
2018-2019. The average change represents the
maximum subsidence of 9.6 cm per year, in line
with the satellite line of sight, in the urban area.
Also, spatial analysis of subsidence hazards at
strategic points showed that the study area needs to
provide the necessary warnings for the occurrence
of subsidence crisis on a larger scale in the future.

Introduction

According to the definition provided by the US
Geological Survey, land subsidence involves
subsidence, which occurs on a large and small
scale under the influence of various factors.
Subsidence in each area is affected by one or more
factors. Groundwater extraction in arid and semi-
arid climates is a major cause of land degradation
and subsidence that can cause significant damage
to infrastructure, hotspots and power lines. During
the last 30 years, the depth of groundwater aquifers
in Iran has decreased by at least 15 meters. Isfahan
plain with an average rainfall of 125 mm, with
vegetation scattered in different parts has a high
concentration of authorized and unauthorized
exploitation wells for agricultural and industrial
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activities. Abi has brought the plain of Isfahan, so
there is a possibility of occurrence of subsidence at
high rates, especially in areas with looser soil and
fine-grained clay texture and little vegetation. In
this research, radar differential interferometry
(DInSAR) technique has been used to determine
the range and subsidence rate in Isfahan plain.
Groundwater water table as one of the geodetic
factors related to land subsidence was also
analyzed. In this paper, an attempt was made to
present the first results of differential radar
interference measurement in Isfahan plain as a
subsidence map in the years 2015-2016-2017-2018
and 2019.

materials and methods

To study the phenomenon of subsidence, it is
necessary to study radar images as well as the
factors that aggravate subsidence. In this regard, to
receive free radar images from the European Space
Agency in one-year periods, for the statistical
period (2015-2019). After the necessary processing
on each of the images in SNAP 8 radar
interference software, the radar outputs (Geotiff
format files) were input in ArcGIS10.8 software
and analyzed to prepare the final subsidence map.
Therefore, in order to determine the role of
geodetic factors (groundwater, slope, altitude,
distance from the river, vegetation, etc.) on the
probability of subsidence, fluctuations in
groundwater level as one of the factors affecting
this phenomenon are analyzed. For this reason,
after receiving data from Iran Water Resources
Management ~ Company, 185  piezometers
representing the study area with appropriate
distribution and data were selected and annual data
on the water level of piezometric wells in
Najafabad, Isfahan, Barkhar and Kuhpayeh Segzi
basins in the statistical period 2003-2019 were
prepared in Excel. In order to prepare the raster
layers of water loss in the region, the average
values of water table of each well were input in
GIS software and after ranking the layers, finally
the classified map of groundwater level for the
whole study period in four classes of low, medium,
high and very high.

Then, C-band Sentinel-1 radar images were used in
the period from December 13, 2015 to December
4,2019. The available SAR data consists of 5 TW-
SLCSAR images, the first level SAR image
product has vertical polarization with a one-year
harvest width of 250 km. In 2015, the study area is
located in two satellite images, so the received
image related to 2015 with the same date and
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feature, with the upper part of the image was
received. Also, the study area is located in two the
Interferometric Wide so to receive the first
subsidence map in which 2015 as the Master image
and 2016 as the Slave image. For each year, the
extracted image in Orb format of the previous step
enters the next section and phase and coherence
images are formed.

In order to calculate the subsidence accurately, the
topographic effect of the ground surface must be
eliminated. Therefore, based on a digital model
and using DEM SRTM 1SEC HGT, the phase
effect due to topography was removed. To
determine the amount of height displacement over
time in digital model images, the ground was
applied as a fixed base surface for all images. In
this way, by considering the base level, the amount
of difference in each image compared to the
previous image was determined, and finally, by
summing all the differences created in each image,
the total amount of height difference was obtained.
After calling SNAP software outputs in ArcGIS,
subsidence areas are separated from other points
and by final failure classification method in 5
classes, final maps of subsidence areas, land use,
groundwater drop, mean and standard deviation of
subsidence during statistical interval Finally, a map
Location of the largest amount of subsidence in
different years was prepared.

Results

The results of radar differential interferometry for
Sentinel-1 satellite in this study show that in 2015,
the highest rate of change is in the center of the
basin and in the urban area of Isfahan province. In
2016, the highest rate of change is related to the
urban area, which has an approximate overlap with
the map of 2015, and about 75% of the study basin
has no subsidence and is green, and the area of
areas with subsidence is very large, about 0.01% of
the total area.

In the map of 2017, 2018 and 2019, more changes
and displacements are observed than in the
previous two years, so that the areas without
subsidence in 2015 and 2016 have become classes
with low and medium subsidence intensity in the
following years, Also, the area of areas with very
high subsidence has an increasing trend that the
percentage of their area in 2017, 2018 and 2019
have increased by 0.97, 0.33 and 0.06,
respectively. The study of subsidence maps of
Isfahan plain in the last three years (2017, 2018
and 2019) shows that the central areas of Isfahan
basin are mainly in two classes of high and very
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high subsidence and most of the eastern and
northern regions are in the classes of low to very
low subsidence intensity. According to the land use
map, it is clear that urban and agricultural areas are
in high and very high subsidence intensity classes.
The subsidence rate has an increasing trend from
12.5 cm per year in 2015 to 19.9 cm per year in
2017 and an increase of 20.8 and 14.2 cm per year
in 2018-2019.

Also, out of the total area of the study area, 2363
square kilometers, the average annual water table
of the region is in very high slope zone, 1839
square kilometers in high slope zone, 4124 square
kilometers in medium slope zone and 3629 square
kilometers in low slope zone. The highest rate of
subsidence changes from 2015 to 2019 is related to
the center of the basin, the urban area of Isfahan
province, which shows subsidence of 3-9.6 cm.
The year 2017 has the highest amount of area with
a subsidence rate (6.19-9.9) cm per year in the
classroom is very high and after 2018 with a
subsidence rate (5.8-20.8) cm per year in the
classroom is very high,Shows a larger area of
occurrence of subsidence. The year 2019, the last

year studied in this study, has the highest
occurrence of subsidence in Isfahan basin that the
rate of land subsidence in this year is in the range
(4.7-14.2) cm per year and is in a very high
subsidence class.

Conclusion

Findings show that areas with maximum
subsidence rates are consistent with urban and
agricultural use, which have the largest share in
groundwater abstraction. Also in the groundwater
zoning map, it can be seen that the increase in
water loss from the east of the Kohpaye-Segzi
basin to the west and northwest of the region,
Borkhar and Najafabad basins has an upward trend
and the concentration of water loss is in the central
part of the basin. Therefore, subsidence maps
prepared in the statistical period are in line with the
groundwater loss zoning map.
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