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Obijective: Land subsidence is one of the most important environmental hazards that has
affected many plains of the country today. The purpose of this research is to predict the
amount of ground subsidence in Mashhad city.

Methods: In order to achieve this goal, the D-InSAR technique of radar interferometry has
been used. Sentinel 1 satellite data was done in the Snap8.1 software environment. Also,
using the OLS model, the spatial analysis of factors affecting subsidence was done. In this
research, an attempt has been made to carry out a spatial analysis of the subsidence of the
city of Mashhad and to determine the extent and trend of its expansion during a period of 3
months in 2022. The effective factors of subsidence in this research include land use,
distance from the fault, changes in the underground water level, distance from the river,
elevation, slope and soil.

Results: The results of this method show that the rate of subsidence in Mashhad is
increasing. In addition, during this period, the size of these areas has increased and the
process of expansion towards the western areas is moving. Also, the results show that the
highest amount of subsidence happened in the western and northwestern parts. The spatial
comparison of subsidence with the level of underground water showed that in order to
predict subsidence, the role and effect of other factors controlling subsidence should be
obtained. According to the OLS model, which sig shows a significant relationship between
7 effective factors, the most influential factor in the subsidence of the underground water
level and the least influential factor of the subsidence was the slope.

Conclusions: The subsidence event is due to excessive extraction of groundwater in most
plains and cities of Iran, such as Mashhad. Given that the main and fundamental cause of
the subsidence of Mashhad is the excessive use of groundwater and groundwater levels,
proper management of groundwater extraction should be carried out by the relevant
organizations.
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Introduction: Subsidence is the lowering of the earth's surface in the vertical direction with a small
horizontal displacement vector, and this phenomenon occurs under the influence of various factors
such as oil, gas, underground water extraction, mines and tectonic issues. Changes in the earth's
surface shape and the earth's geometry are among the most common visible outcrops caused by this
phenomenon, due to the prevailing dry climatic conditions and the increasing exploitation of
underground water sources in recent years, suitable conditions and capabilities have been provided for
this phenomenon. The occurrence of this incident destroyed surface and subsurface structures due to
cracks in the earth's surface. Due to climate change and a decrease in rainfall, an increase in
population and an increase in water demand, the influx of humans into underground water aquifers to
meet the water demand has increased and this has caused a drop in the level of underground water
aquifers and, as a result, an increase in subsidence. Subsidence in urban areas will cause a lot of
material and human damage, and considering that this phenomenon does not occur once and
continuously and little by little, it affects residential and non-residential structures and environments.
Urban areas are much more vulnerable to subsidence due to high population density, construction and
important communication lines. The residents of Mashhad, located in the arid and semi-arid climates
of northeastern Iran, have always depended on underground water for their livelihood. Deep wells,
etc., have created issues and problems in the water resources of these aquifers. This indiscriminate use
is due to the increase and development of the city's population and the increase of the pilgrims of
Imam Reza, peace be upon him, along with the growth and expansion of the urban infrastructure,
which has caused the occurrence of subsidence and its consequences in the studied area. Considering
the consequences of subsidence, such as the subsidence of some buildings on the path of a Mashhad
city train, as well as the subsidence of the ground in the four roads of Mashhad police station and the
creation of financial and physical damages in several consecutive years in the nineties, it is necessary
that the issue of subsidence, the factors affecting it and the consequences of this complication should
be seriously studied in Mashhad.

Material and Methods: This research aims to evaluate the subsidence of Mashhad city using the
radar interferometric method and to identify the geographical factors affecting the subsidence
phenomenon of the city of Mashhad City using the OLS model. Ground data and remote sensing were
used to carry out this scientific research. In the first step, to obtain the subsidence zoning, Sentinel 1
images are processed in Snap 8.1 software, and the final image is transferred to Arc GIS for output.
Also, to obtain a map of 7 effective geographical factors from piezometric good statistics, DEM 30
meters, 100,000 geological layers, the slope of the fault file and River and Land use of the whole of
Iran, then in the Arc map environment, underground water level maps, slope and height, The soil type,
distance from the fault, distance from the river, land use are discussed and the significance level and
influence of these factors are measured through the OLS model.

Results: The findings of the research show that the calculation of the subsidence rate by radar
interferometric method during 3 months of 2022, an average of about 3 cm of subsidence has occurred
in the city, and that there is more risk in the northwestern part of the aquifer, which is between It is 4
to 5 cm. Also, the results of the OLS model implementation showed that to identify the most effective
influencing factor using 7 parameters which include soil, slope, land use, height, distance from river
and fault and underground water level. The highest value with a significant coefficient of 0.0005 is
related to the underground water level and the least effective factor is related to the slope of about 0.6.
Also, the highest correlation coefficient in the first place is related to the underground water level is
0.8 and the second place is the distance from the fault is 0.78 and the weakest correlation coefficient
was assigned to the slope with 0.25.

Conclusion: The results of subsidence zoning showed that the maximum amount of subsidence in the
west and northwest parts of Mashhad cover about 83 square kilometers of the total area of 351 square
kilometers of Mashhad city. According to the OLS model, the most fundamental cause of the
subsidence of Mashhad City is the excessive use of underground water and the underground water
level, so proper management by the relevant organizations should be done for the amount of
groundwater withdrawal. By comparing the results of this research with similar research in Iran and
the world, we conclude that most of the plains and cities of Iran, including the Yazd-Ardakan plain,



like the rest of the world, including the Aguascalientes Valley in Mexico, use radar interferometry to
calculate subsidence, who reached similar results that the subsidence event is due to excessive
withdrawal from the groundwater level. In this research, in addition to radar interferometry (DInSAR),
the OLS model was used to better identify the factors influencing the subsidence of Mashhad City,
which was not used in the above cases. In addition, our method is different from the methods of
Shahbazi and Pour Khosravani, Lashkari et al. because these people used GPS stations to evaluate the
subsidence.

Keywords: Subsidence, Mashhad city, geographical factors, ordinary least square regression.
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