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ABSTRACT

Land subsidence refers to the gradual or sudden lowering of the earth's surface as a
result of various factors such as tectonic activities, mining, oil and gas fields, and illegal
extraction of underground water. In Alborz province, the growing trend of population
and migration in recent years has added to the increase in demand and the amount of
water withdrawal from the underground water table, so it is subject to subsidence due
to the sharp drop in the level of underground water. In this research, subsidence was
first evaluated using the radar interferometric technique, and then, prone areas were
zoned with a multi-criteria algorithm in the time frame of 2016 and 2023. The results
of information extraction with interferometric technique showed that the average
amount of subsidence in the urban boundaries of Saujblag, Karaj, Nazarabad,
Chaharbagh and Fardis is between 15 and 320 mm. According to observations, the
highest amount of subsidence is in the eastern part and then in the southern and
southwestern parts. According to the estimated results of subsidence risk zoning; The
parameters of water level drop, land use, slope and geology, respectively, with weight
coefficients of 0.16127, 0.141875, 0.130145 and 0.128474, are the most important
factors in creating the risk of subsidence in the study area, which are 31 and 23%,
respectively. From the range, it has a very high and high probability of danger. Finally,
it can be said that the most important factor in subsidence in the studied area is excessive
use of underground water and the drop in water level. In some urban areas, such as Hew
and Goch Hesar, Malekabad-Mechrshahr-Mehrvila-Kamalshahr, and Mohammadshabhr,
the highest risk of subsidence can be seen.
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Extended Abstract

Introduction

According to the definition of the Geological Institute of the United States of America, the phenomenon of land
subsidence includes the collapse or downward subsidence of the earth's surface, which can have a small displacement
vector and occurs gradually and instantaneously on a large scale (US Geological Survey, 2011). The most important
cause of the regional subsidence of the land surface in the sedimentary basins of arid and semi-arid regions is the
condensation and compaction of sediments due to excessive extraction of underground water table resources (Zhou et
al., 2015). If the watery clay layers are placed between the sand layers, this phenomenon will be observed more widely
and more acutely (Liu et al., 2006). With the decrease in the underground water level, the increase in effective stress
caused by the decrease in pore water pressure causes subsidence. Usually, it takes time to reduce the pore water pressure
and increase the effective stress; Therefore, following the reduction of the piezometric water level, subsidence will
occur with a time delay (Peter et al., 2017). Subsidence caused by the drop in fluid level mainly takes place in
unconsolidated or semi-consolidated sediments that are adjacent to sand layers (Salehi et al., 2013).

Methodology

In this research, for the convenience of investigation and study, the materials and methods section is divided into two
sections: radar interferometry and the estimation section of high-risk points zoning, which is provided in the following.
First stage (radar interferometry)

The current research is of an applied type and its research method is an analysis based on the integration of data analysis,
geographic information system and the use of multi-criteria analysis techniques. GIS Arc, Ecognition, ENVI, Idrisi and
Excel software have been used for image processing and data analysis. In this research, the images of Sentinel 1, which
is located in the C band of microwave waves, were taken. In the current research, two SLC images related to the years
2016 and 2023 were downloaded from the site and used. Next, Snap software was used for the necessary processing.
The second stage (estimation of the zoning of high-risk points)

In this research, in order to investigate the relationship between the subsidence of the study area and the state of
underground water sources, the groundwater loss was investigated. For this purpose, the information related to 36 wells
of observation wells of the piezometric level of the city boundary was prepared from the regional water organization of
Alborz province. Also in order; It is related to the water depth and water level map of the studied area. After examining
the fluctuation of the level of the urban area of Alborz province, in the last six years, the annual drop of underground
water was calculated and then a zoning map of the fluctuations of the piezometric level was prepared using the kriging
method.

Results and Discussion

After the interferometry steps, the phase difference was converted to vertical displacement and it has been converted to
vertical displacement in the metric system. It also indicates the final output resulting from the estimation of the
subsidence amount using the radar interferometric technique, which according to the output map, the positive values

and in brown color are the displacement related to the movement of the earth towards the radar sight (uplift) and the
negative values to The white and purple colors indicate that the earth's surface is moving away from the sensor in the
direction of the radar sight (subsidence). The result of the study of the amount of subsidence between zero and 300 mm
during the last 6 years shows that according to the above map, the highest amount of subsidence is in the urban area of
Alborz province (in the area of Mehrshahr (Hossein Abad region)-Golshahr-Rajai Shahr). , Khormadasht, Mohammad
Shahr) in the amount of 100 to 300 mm and in the southwestern part of the area (Mahadasht) in the amount of 20 to 80
mm, and in the western area of Alborz province of Nazarabad city in the amount of 30 to 90 mm, which is in the form
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of lands agriculture and south of Karaj-Qazvin highway in the area of Haji Abad village in the amount of approximately
250 to 300 mm and in the area of Kamalshahr in Zafar region in the amount of 40 to 480 mm per year and in the urban
area of Saujblag in Hashtgerd district in the amount of 100 to 230 mm meter is concentrated. In zoning the risk of
subsidence, according to the results, the criteria of water level drop, land use, slope and geology received the most
weight and importance, and considering that in CRITIC weighting, the weight of the criteria, According to the criteria
maps and the degree of correlation, contrast and standard deviation between the used information layers, the use of this
method in the weighting of the criteria in the present research can solve the problem of the independence of traits from
to resolve each other that exists during pairwise comparison within the framework of hierarchical analysis process and
network analysis process. According to the result of using the Aras method, 14.302 square kilometers of the range area
is in the very high risk class and 192.09 square kilometers is in the high risk class. Examining the relationship between
the ground water level drop with subsidence and matching the areas with high subsidence rate with the location of the
wells also shows that there is a direct relationship between the drop in the water level of the wells and the amount of
subsidence in the area and their correlation coefficient is 0.89. be And the correlation value between the subsidence risk
zoning map and the water level drop map of the wells showed their correlation coefficient of 0.98. As a result, the more
the underground water is withdrawn; The empty space in the basement will also increase, which will lead to subsidence

Conclusions

The results of the present study with the presented technique, with the results of the research of people such as; Abedini
et al. (1401), Asghari et al. (1401), Asghari et al. (1401), Barouq et al. In this way, they also believe that multi-criteria
analysis methods are highly effective for identifying subsidence areas. According to the obtained results, it can be said
that the most important factor involved in increasing the amount and potential of subsidence in the study area is the
excessive exploitation of underground water and the drop in the water level, and therefore, the results of the present
study with the results of the studies conducted by; Torani et al. (2017), Yazdani et al. (2018), Montazerion and Aslani
(2018), Ebrahimi et al. (2019), Asghari and Mohammadzadeh (2014), Bhattarai (2017), Tang Min et al. colleagues
(2020), Ranjbar et al. (2021), based on the lack of proper control and management of underground water resources and
reserves and the drop in the underground water level and, following that, the increase in subsidence, it is consistent.
Due to the fact that land subsidence can cause irreparable financial and human losses and damage many surface and
subsurface structures in urban areas and its suburbs, in the urban area of Alborz province, therefore, it should be Long-
term solutions in the form of reforming water resources management methods and short-term solutions in the form of
preventing the extraction of underground water tables in various forms and continuous monitoring of areas prone to this
phenomenon, creating underground dams in order to increase the water level and reduce subsidence, water containment
surface water and implementation of artificial feeding plans, confiscation of unauthorized drilling equipment, provision
and installation of smart meter devices, establishment of water collection organizations and support of these
organizations, creation and establishment of local water market and organization of drilling companies, strict control of
water consumption and change of consumption pattern, It should be taken into consideration by relevant authorities and
local residents. According to the mentioned cases, it is necessary to deal with the phenomenon of subsidence by optimal
management of the water source and preventing the drilling of unauthorized wells in the region, which definitely
requires the cooperation of various institutions and organizations in order to preserve and maintain the water resources.
According to Mr. Dr. Pour Khosravani's article and the graphs in the research, if the cause of subsidence can be
attributed to soft crustal movements, but the decrease in the amount of underground water and underground resources
in general is definitely not ineffective in the subsidence of the region. The management of underground water resources
is definitely an important issue in the field of preventing the occurrence of such natural phenomena on the surface of
the earth, because in case of non-management of water resources, competent organizations must bear higher costs to
cover the damages caused. In this research, according to the follow-up carried out by the country's mapping organization
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and the Ministry of Roads and Urban Development, the amount of subsidence in Alborz province was announced as
approximately 100 to 400 mm, which was confirmed by checking the sites and reports available in reliable news
agencies. And the announcement of the regional water department of Alborz province, as well as the subsidence that
took place during the past years in the announced areas (Figures 2, 3, 4 and 5), as well as previous articles and records
worked in Alborz province in the mentioned areas, as well as studies (Muntzariyoun and Aslani, 2018) and (Barouq
and Fathullah Zadeh, 1401) in Alborz province, it can be said that the results estimated in this research are acceptable.
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Figure 2: The left side of the land subsidence on 3/12/2021 at 2 am in the urban and commercial area of Karaj-Rajai Shahr city.
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Figure 3: The right side of the land subsidence on 04/06/2022 at 18:00 in the urban and central area of Karaj-Midan Sepah
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Figure 4: The left side of the land subsidence on 26/04/2023 at 14:00 in the urban area of Mehrshahr and Golshahr.
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Figure 5: The right side of the land subsidence on 09/09/2023 at 8 o'clock in the Mehrshahr urban area, Chaharbandi Street
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Figure6: Alborz province city boundary location map
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Tablel: Information about the images used in the research

year Sensor name Sub-image Original image
2016 Sentinel 1 S1A_OPER_AUX_20151101 S1A_IW_SLC__1SDV_20161113T143538
2023 Sentinel 1 S1A_OPER_AUX_2020012 7 S1A_IW_SLC__1SDV_20231205T143608
" Sentinel-1A
2 www.scihub.copernicus
3 SNAP
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Figure7: Images and range obtained
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Figure8: The left side of the harmony image
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Figure9: The state of the filter and the local values of rise and fall
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Figurel0: A part of the SRTM elevation digital model of the studied area
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Figurell: Water depth map of the urban area of Alborz province
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Figurel2: Level map of the urban area of Alborz province
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Figurel3: Water drop map of the urban area of Alborz province
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Figurel4: Subsidence and uplift map of urban area of Alborz province
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Figurel4: Right side. A clearer display of the largest amount of subsidence case by case in the area of Nazarabad-Hyu-Muskul,
Chambork and Arababad.
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Figurel4: Left side. A clearer display of the largest amount of subsidence case by case in the area of Mehrshahr,
Golshahr, Rajaeeshahr, Mohammadshahr and Khormadasht.
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Figure (17): The left image of the crack in the building in the Hesar of Karaj - the middle image of the subsidence on Jomhori Street
towards Sepah Square on the northeast side of Bagh Fateh - the right image of the crack on the newly constructed building in the lower
Hesarak of Karaj
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Figurel4: Maps of the proposed criteria in the zoning of the subsidence risk of the study area
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Figurel9: Fuzzy maps of the proposed criteria in zoning the risk of subsidence of the study area
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Table3: Correlation matrix of the proposed criteria in the zoning of the urban boundary of Alborz province

_ e 3| alod 31 alold 331 0 o o]
JuSlalals | )b el - Sz
Lwgy g alsog, ‘5¢?|)| sw‘.}.& ol
ARV AR AR < IVAAY ARRAY AR ARAR \ s,aT o cél
DINA /S AR < [FOYO </ffov < PYOF < [OYNY \ <YV bl oy
< IAYY# “IYNY < IYAAY AN 4 < 1OYAN \ <JOYVY DAREN Y s
<0V OF < IYOOY <IfAPO < [OFYE \ < /OYAN iand </¥AYY -1 332
31 alold
< [FAVY < [FYTY AR \ INAAT RAYNZ4 AR < I¥AYA
ﬁl"d,)
5 e 31 AL
«IAAYE < [FANF \ AR <[FAPO DAAYNY < [FOY0 AR
Liwg)
< [PYEY \ «[PAAF < [PYEY < IYOOY <IYNY /SR AR YN ok
\ < [FYTY <INV < [FAVY <0\ OF INA%4 INA ARY.N4 Jou 31 aliold

3l Lol (6 ptets o 32 Sl 8 (GSAgy 50 Tako W )lixo LT s Lo F Jgu

Table4: The contrast matrix of the proposed criteria in the subsidence zoning of the urban boundary of Alborz province
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TableS: The standard deviation is the amount of information of the criteria mentioned in the zoning of the urban area of Alborz

province
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Table6: The final weight of the proposed criteria in the zoning of the urban area of Alborz province
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Figure20: Subsidence risk zoning map of Alborz province

Table6: Subsidence risk classes information
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