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ABSTRACT

One of the risks that has occurred in many parts of the world, especially in Iran, in
recent years is the risk of subsidence. Ardabil plain has also been faced with a sharp
drop in the underground water level in the last few years, which has caused this area to
be exposed to the risk of subsidence. Therefore, the purpose of this research is to
investigate and analyze the most important factors involved in creating the risk of
subsidence in the Ardabil plain and to identify the susceptible surfaces that are likely
to be involved in subsidence in the near future. The purpose of this research in the first
stage is to evaluate the subsidence using radar interferometric technique in the
environment of Sarscape software, using the capabilities of A1 Sentinel images in the
time frame of 2016 and 2021, and also in the following, regarding the zoning of
susceptible areas with the algorithm Aras multi-criteria was implemented in the Edrisi
software environment. The results of the present study showed that between zero and
22 mm of subsidence has been created in the studied area, and the highest amount of
subsidence is concentrated in the central part and then in the eastern and north-eastern
parts. According to the results of subsidence risk zoning; The criteria of water level
drop, distance from the river, geology, land use are the most important factors involved
in creating the risk of subsidence of the study area with weight coefficients of 0.221,
0.166, 0.152 and 0.147 respectively, and respectively 41 267/21 and 403/21 square
kilometers of the range have a very high probability of danger. Finally, it can be said
that the most important main factor involved in increasing the amount and potential of
subsidence in the Ardabil plain is the excessive use of underground water and the drop
in the water level.
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Extended Abstract
Introduction

Land subsidence as a morphological phenomenon is a change in the shape of the earth's surface, which is
associated with a vertical change or downward movement of the earth's surface, as well as the gradual removal
or settlement of surface materials. The occurrence of subsidence as a morphological phenomenon can be
influenced by natural factors (changes in the shape due to tectonic and volcanic factors, imposition of heavy
loads, disturbance of isostasis, etc.), human factors (removal of liquids and compression due to imposition,
heavy loads, compaction due to land drainage, etc.), although the focus of the event is on two main cases,
namely factors of underground water extraction and karstization of soluble rocks.

Methodology

The current applied research is based on an analysis of the integration of data analysis, the geographic
information system, and the use of multi-criteria analysis techniques. Zoning the risk of subsidence in the data
collection stage requires identifying the influential components, which are the basis for the collection and
classification of the required data and information. For this purpose, the affecting factors (including slope,
lithology, land use, distance from the city and village, distance from the river, distance from the fault, and
drop in the underground water level) were changed in this research according to the natural conditions. The
human conditions of the region and then information layers related to each environmental factor of the
geographic information system were prepared in the next step. The ARAS method is based on the argument
that the complex phenomena of the world can be understood using simple relative comparisons.

Results and Discussion

The result of investigating the rate of subsidence between 0 and 22 mm in the last 6 years shows that the
highest rate of subsidence (10-22 mm) is concentrated in the central and eastern parts. The analysis of the
land use map, subsidence, and conducted studies confirms that the most occurrence of subsidence is in
agricultural, urban, and rural areas, respectively. The areas with agricultural use have a high potential for
subsidence due to the utilization of underground water fields, and there is a two-way relationship between
urban development and land subsidence in which both influence and are influenced by each other. The results
obtained from the Aras zoning method according to the criteria of water level drop, distance from the river,
geology, and land use were assigned the most weight and importance.

Conclusions

The results of the assessment of the underground water situation in the region indicate that the study area
has experienced an increasing trend of underground water level drop in recent years. The water level drop in
some wells has reached 9 m, and subsidence occurs with the decrease in the underground water level and
the increase in effective stress caused by the decrease in pore water pressure. In general, the water level drop
has increased from the west to the east of the study area. The evaluation of the rate of subsidence in the
region shows that the highest rate of subsidence occurred in the central and eastern areas of the study area,
with an increase from the south to the north and west to the east of the study area. According to the results
of zoning the risk of sales, the criteria of water level drop, distance from the river, lithology, and land use
(with the weight coefficients of 0.221, 0.166, 0.152, and 0.147, respectively) are the most important factors
involved in creating the risk of subsidence in the study area. According to the results, 267.41 and 403.21 km
of the range area are in the categories, respectively, and there is a high risk of land subsidence in the central,
eastern, and northern regions. According to the obtained results, it can be concluded that the excessive
utilization of underground water and the drop in the water level are the most important factors involved in
increasing the rate and potential of subsidence in the study area.
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Table(2): The type of fuzzifier functions of thematic layers affecting the risk of selling the studied area
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Fig (2): Image of the steps of extracting the subsidence map using the radar interferometric method
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Fig (3): Map of subsidence and uplift of Ardabil plain
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Fig (4): Land use map (object oriented method) of the study area
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Fig (5-6): Location map of piezometric wells in Ardabil plain in 1366 and 1399
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Fig (7-8): Interpolation map using Kriging method for the water year 2019 and 2018
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Fig (9): The map of the proposed criteria in zoning the risk of subsidence of the study area
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Table(3): The final weight obtained from the ANP method
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Fig (10): Ardabil plain subsidence risk zoning map
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Table(3): The final weight obtained from the ANP method
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