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Abstract

Global climate change and overpopulation increased the
need for groundwater resources. Land subsidence due to
groundwater extraction and water depletion is one of the
environmental hazards that threatens the communities.
This research has been done as a case study in
Semalghan plain, one of the agricultural plains in North
Khorasan province. According to the information of the
Regional Water Organization of this province, most of
the groundwater resources have been extracted from the
deep wells of this plain and groundwater resources are
in a critical situation. In this study, to investigate land
subsidence due to groundwater depletion in Semalghan
plain radar differential interferometry technique of
Sentinel-1 satellite Descending data from 2014 to 2020
have been produced and analyzed.
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Also, to monitor vegetation changes Landsat-8 satellite
images and study of aquifer interaction behavior was
applied. Groundwater depletion maps have been
produced using GIS and piezometric data of plain, and
their relationship with subsidence was assessed. The
result maps showed a direct relationship between water
table head fall and subsidence in the Semalghan aquifer
during the study period. The maximum subsidence
which occurred in this plain in 2019 is equal to 34 cm
and a minimum of 18 cm in 2015 and 2018 respectively.
Finally, the relationship between groundwater level
decline and land subsidence was studied and the
behavior of the aquifer was investigated. The results
showed the elastic behavior over the Semalghan aquifer
and around Chamanbid city. Furthermore, by processing
Landsat-8 images from 2015 to 2020, the temporal-
spatial relationship of vegetation changes with
subsidence was studied. The results showed that the
destruction of vegetation has occurred by 5.9% in some
areas in the plain due to groundwater level drop which
has occurred all over the plain and subsidence in the
region and revealed a high temporal-spatial correlation.

Statement of the Problem:

Population growth and the increasing demand for
groundwater have led to the uncontrolled extraction of
these resources. The subsidence occurring in many
plains in Iran and other parts of the world, including
China, Japan, and the United States, has affected and
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caused great damage to them. Nowadays, various
methods are used to monitor subsidence, and
Interferometric synthetic aperture radar is one of the
fastest and cheapest approaches, which is both highly
accurate and able to monitor the subsidence over a long
period. The vertical displacement of the earth can be
reversible or irreversible and is proportional to the
aquifer layer and groundwater head changes. With the
occurrence of subsidence in the region, there is a
possibility of destruction or change of vegetation in the
region. Also, a linear pattern of vegetation is observed
in these areas due to the land cracks. Furthermore,
changes in groundwater levels will result in changes in
plant density in the region.

Semalghan plain is one of the most important plains in
North Khorasan province, which suffers from negative
water balance and land subsidence. Land subsidence
spreads slowly, but in the long term, it causes large
numbers of damage to roads, residential areas, well
buildings, etc. Therefore, the study of subsidence in this
plain is of great importance.

Purpose:

In the present study, by processing satellite data and
measuring the relation between land surface changes
and aquifer interaction behavior in the Semalghan plain,
adequate strategies for controlling the subsidence will
be proposed. Also, vegetation changes in the area will
examine using the Landsat-8 satellite imagery.

Methodology: The study area in the present study is
Semalghan plain in the west of North Khorasan
province. The Descending path images of the Sentinel-1
satellite from 2014 to 2020 and the DInSAR method
were used To investigate subsidence in this region.
After selecting the master and slave images, the
interferograms were prepared and processed. Finally,
cumulative subsidence maps were prepared in the
studying period. Next, the statistics of 17 piezometric
wells in the period 1387-1397 were used to prepare a
groundwater depletion map using the IDW method in
GIS. In addition, to study the changes in vegetation in
the study area, Landsat-8 images in 2015 and 2020 were
downloaded, and the vegetation map of the area was
created after performing the necessary preprocessing.
Finally, a correlation was made between the results.

Results and discussion:

The results of radar interferometric processing and
cumulative subsidence maps showed the pattern of
subsidence over time in the study area. Subsidence in
Semalghan plain in 2015 was observed in all northern
parts of the region with a maximum value of 18 cm. In
2016, the subsidence followed the same pattern as the
previous year and its maximum increased by 5 cm. In
2017, subsidence has been observed in almost all parts
over the plain. In the north of Ashkhaneh, uplift was
recognized in the northeast-southwest direction. Then in
2018, the subsidence pattern similar to 2015 and 2016
was repeated, and it was detected in the north,

northwest, and Semalghan aquifer. The progression of
subsidence during the study period confirms the
progress of land subsidence towards Chamanbid,
especially at the end of the study period. Following the
trend of land surface changes, it is possible to observe
the uplift of the land surface after its subsidence in some
places.

The trend of changes in water level in each well and the
average water level in the plain were studied and their
diagram was drawn. The data were then imported to the
GIS, and groundwater depletion maps were prepared
using the IDW interpolation method. In some areas of
Semalghan plain, the groundwater level dropped by 26
meters. To achieve a better investigation of the
relationship between water level drop and subsidence,
water level changes in piezometric wells in 1393-1398
were overlayed with subsidence. Subsidence has
occurred at all points where water levels have
decreased. Also, in the areas where water loss was low,
the subsidence radius was less in the areas around the
well. The subsidence of the low-elevated parts of
Semalghan, where the concentration of agricultural
lands is high, and water extraction is extreme, has been
completely affected. With lower water levels, the rate of
subsidence has also decreased.

After calculating the approximate storage coefficient of
the aquifer using the diagram of land surface changes
related to groundwater changes, the map of changes in
the aquifer storage coefficient of Semalghan plain was
drawn using the IDW interpolation method. The lowest
calculated storage coefficient was obtained as 0.04 and
the maximum value was derived as 0.36. The higher the
computational storage coefficient, the more sensitive the
ground surface to water level changes. Using the
resulting map, the approximate amount of land surface
changes can be estimated using the groundwater level at
the desired point.

At a radial distance of 250, 500, 1000, and 4000 meters
from the observation wells, all the displacement maps
produced in the descending direction were clipped using
GIS software. Then, the average of the collected data
for each year at a distance of 250 meters from these
wells was plotted in a graph. A trendline was also drawn
on the graph representing inelastic behavior in the
region. According to the trend of land surface changes
in the study period, the whole period was divided into 4
periods, which included both uplift and subsidence
behavior. After selecting the periods, the ratio of the
amount of uplift to subsidence and the ratio of their
period were calculated. Also, the relationship between
the duration of each period of subsidence-uplift was
investigated. The highest ratio of uplift to subsidence is
in the fourth period. To achieve optimal aquifer
management, the best time ratio is between 2 and 4. The
length of the selected statistical period according to the
trend of land behavior, the first period has the best time
interval in which the recovery period was 277 days and
the decline period was 193 days.

Increased vegetation has been observed in densely
vegetated areas. According to groundwater maps, in the
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southeast, north, and northwest of Semalghan plain, the
highest drop in water level was estimated, which in
these areas, changes in dense to medium vegetation and
medium to weak or no vegetation were observed. Also,
in the southern and southwestern parts of Semalghan
plain, many vegetation changes have occurred, in which
a water level drop of up to 4 meters is estimated.

Conclusion:

The results show that subsidence in Semalghan plain
has an almost constant pattern over time. Although
subsidence occurs in the central part of Semalghan plain
every year, the uplift has been observed in some areas
during the study period. According to the annual
displacement maps, in some parts of the study area,
including the north of Semalghan aquifer, northern
parts, and northwest of this plain the subsidence
occurred to a great extent that these areas should be
under consideration. By examining the trend of

groundwater level changes in Semalghan plain, it is
claimed that the subsidence in this plain could be
affected by groundwater decline and uncontrolled
extraction from the aquifer in this plain. The study of
the interaction behavior of the aquifer affected by
changes in groundwater level shows the elastic behavior
of the ground in the Semalghan aquifer and around
Chamanbid city. Also, it represents the inelastic
behavior of the ground surface in other parts of the
Semalghan plain. Understanding the behavior of land to
reduce damage and achieve sustainable management of
water resources is essential. In order to lessen the
damage caused by subsidence, it is suggested that for
each year of uncontrolled extraction from the plain
resources, the plain should enter the recovery phase for
two years.

Keywords: Subsidence, Semalghan plain, INSAR, Land
vegetation
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