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Abstract

One of the dangers in many areas in recent years is subsidence. Landslides are less harmful than
other hazards and its adverse consequences will directly affect human, industrial, agricultural, and
civil development. The importance of paying attention to this issue is that the most harmful side
effects are irreparable. Scientometric research have provided a comprehensive understanding of
global research on the subject. Data were obtained from the Scopus Scientific Database (1965-
2022). Most of the scientific research on land subsidence has been on the United States and China.
The most important aggravating factors for the occurrence of hazards include the exploitation of
groundwater and mineral extraction, which has been emphasized in most studies. On the other
hand, the use of scientific technologies over the past years has become more widespread in
landslide research. Now it is used more to predict the risk. Most research on the risk of land
subsidence has focused on the use of methods and models, but its impacts on different aspects of
human life have not been considered. The results of this research can help reduce and manage the
negative consequences of land subsidence.
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Abstract

Global climate changes and population growth have increased the need to exploit underground
water resources. The phenomenon of land subsidence as a result of groundwater extraction and
water depletion is one of the environmental hazards that threatens societies all over the world. In
this research, for the first time, Sentinel-1 radar satellite images were used by the
SNAP2StaMPS to automate the process of processing and analyzing the subsidence in Marand
Plain. In recent years, the uneven development of agricultural lands and the excessive extraction
of underground water in the Marand plain in East Azerbaijan province have caused landslides
on the surface of this plain. In this study, an automatic interferometric processing algorithm
between SNAP and StaMPS was used to determine the displacement rate in the direction of the
satellite line of sight. The results of the PSI interferometry technique were performed on 133
images of the Sentinel-1 satellite in the descending orbit of the Sentinel-1 satellite. Based on the
obtained results, the annual land displacement rate for Marand plain in 2016, 2017, 2018, 2019,
and 2020 was -13.7, -12, -2.15, -12.3 and -13.1 cm respectively. In order to validate the results,
the amount of subsidence resulting from the interferometric processing was compared with the
amount of groundwater level drop in the study area, using the unit hydrograph analysis method.
The results showed that the amount of water level drop and the results of hydrograph analysis of
observation wells in the region are consistent with the results of time series maps obtained from
interferometry. Therefore, the automatic method presented in this study can be used for
monitoring land subsidence.

Keywords: Land Subsidence, Radar Interferometry (PSI), Marand Plain, Snap2stamps Automated
Algorithm
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Abstract

One of the dangers facing Iran’s plains is subsidence. Land subsidence due to various reasons,
such as over-harvesting of underground water sources and climate changes, has caused many
problems in agricultural lands, roads, and power and energy transmission lines. Therefore, it is
important to deal with the causes and influencing factors to control the risks. Ardabil plain is also
one of the areas prone to subsidence due to climate changes and the decrease of underground
water in recent years. The aim of the present research is the zoning subsidence risk in this plain.
First, the factors influencing subsidence in the Ardabil plain (slope, land use, lithology, distance
from the fault, distance from the waterway, drop in water level, distance from the city and the
village) were identified. Then the layers of data were applied in the geographic information
system. In the next stage, the weighting of the investigated factors was done using ANP method
and in the Super Decision software, and the final analysis and modeling were done using the
MABAC method as one of the multi-criteria decision making methods. Finally, the resulting map
was classified into five categories from very low risk to very high risk. The results showed that
such factors as water level drop, distance from the river and lithology have the highest weighting
factor. Moreover, 244.29 and 370.59 square kilometers, respectively, of the area of this plain, are
in very dangerous and dangerous classes. Finally, due to the high potential of Ardabil plain in
terms of subsidence, protective and management measures should be taken into consideration by
relevant authorities and institutions.
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Abstract

Land subsidence is one of the most important environmental problems that affects agriculture and
urban infrastructure. In order to plan for mitigating the damages caused by land subsidence, it is
necessary to identify high-risk and prone areas for this phenomenon specially in different plains
of Iran. The main purpose of this research was zoning the land subsidence in Kashan aquifer using
Dempster-Schafer, Weight of Evidence, Shannon Entropy, and Frequency Ratio. To conduct this
research, 14 factors affecting the occurrence of subsidence including elevation, slope, slope
direction, surface curvature, distance from stream, distance from fault, distance from road,
lithology, land use, longitudinal and transverse curvature, water table changes, distance from
mining and well density in aquifer surface were used. Then, determining 108 subsidence positions
and 108 non-subsidence positions at the aquifer level, these points were randomly classified as
30% and 70% as validation data and test data, respectively. To evaluate each of the models, the
ROC curve was used. The results showed that among the used methods based on the ROC curve
and the amount of AUC, the Frequency Ratio method (training: 0.84 and validation: 0.89)
performed best and is introduced as the best method for predicting areas with subsidence
sensitivity in studied area. Shannon Entropy, Dempster-Schafer and Weight of Evidence were
also ranked next, respectively. The results of this study can be used by provincial managers to
reduce the damage caused by land subsidence and to determine areas with subsidence sensitivity.
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