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Land subsidence is an environmental phenomenon of the gradual or sudden subsidence of
the land. The purpose of the present study is to evaluate the land subsidence in Shabestar
plain of East Azerbaijan province. Using Small Baseline Subset (SBAS) time series
analysis method, the crust surface displacement rate between 2018 and 2021 is
investigated. The maximum subsidence is seen in the southern and southeastern parts of
the plain with a maximum rate of about 8 cm per year in the direction of the satellite line
of sight. Also, using AHP the conditioning factors are weighted and the land subsidence
susceptibility (LSS) is modeled using spatial analyses. Thereupon, Shabstar plain was
classified into five regions with the LSS: "Very High": 3%, "High": 20%, "Moderate":
25%, "Low": 33% and "Very Low": 19% of the total area of the plain. To verify the
accuracy of the subsidence susceptibility model, the displacement map obtained from radar
interferometry was utilized, the area under the ROC curve of 86% confirmed the good
prediction accuracy of the model. Also, the model was assessed by performing sensitivity
analysis for most important conditioning factors. The introduced model can provide useful
and reliable information for managers and decision-makers of the region for the effective
and timely 'prevention’ and 'mitigation’ planning with low cost and time.
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Introduction

The phenomenon of subsidence is defined as the displacement of the earth's surface in the vertical direction,
which can be caused by human activities or natural phenomena. According to UNESCO, land subsidence is the
collapse or subsidence of the Earth's surface that occurs on a large scale for different reasons, which occurs
either gradually or suddenly (Poland, 1984). Land subsidence can cause certain physical and social damages.
Therefore, it is necessary to evaluate the phenomenon in vulnerable areas timely and reliably. In the present
study, Shabstar Plain as one of the high risk plains located in East Azarbaijan Province has been selected as the
study area.

Data and Method

In this paper, using SBAS time series analysis method, a map of the crust surface displacement rate of
Shabaster Plain between 2018 and 2021 was prepared. The plain is located approximately in longitude of 45° 11’
to 46° 3 ' and latitude of 38° 7 ' to 38° 23 '. As the first step of preparation of displacement map using SAR
interferometry is to select appropriate set of SAR images. Sentinel-1A images are used in this study. Small
baseline subset algorithm (SBAS) was used. 143 interferograms were created for 46 Sentinel-1A images using
GMTSAR software, with the criteria that the time baselines are less than 100 days and the spatial baselines are
less than 100 meters. The land displacement map of Shabestar Plain showing the annual displacement rate was
obtained.

For modeling land subsidence susceptibility of the study area conditioning factors influencing ground
subsidence were selected considering previous studies. The factors were weighted using the Analytical
Hierarchy (AHP) method. The maps of the factors were classified and the sub-classes were ranked based on the
experts' opinions. Weighted overlay was used to integrate all the factors considering weights of each factor and
the rank of the sub-classes of in GIS environment. By weighted combination of the criteria and sub-criteria that
were obtained in the previous stages, the land subsidence susceptibility map was prepared.

Results and Discussion

The maximum land subsidence rate of about -79 mm per year in the direction of line of sight of the sensor is
seen using SBAS time series method. The maximum subsidence is seen in the southern and southeastern parts of
the plain. The obtained land subsidence susceptibility map was classified into 5 classes; namely the areas with
the highest sensitivity to subsidence (Very High: 3%), areas with high probability of land subsidence (High:
20%), areas with moderate probability of land subsidence (Medium: 25%) and areas with low and very low
susceptibility to land subsidence: (Low: 33%) and (Very low: 19%) classes in the land subsidence susceptibility
map.

In this article, two methods have been used to verify the accuracy of the land subsidence sensitivity map that
follows: a) Using displacement map produced by InSAR time series analysis method. The area under ROC curve
showed the prediction accuracy of 86% b) Sensitivity analysis to the conditioning factors with highest weights.
According to the performed validations, the effectiveness of the proposed method for evaluating land subsidence
in Shabstar Plain was confirmed.

Conclusion

According to the INSAR time series results, land subsidence is more visible in the southern areas of Shabastar
Plain. In the generated land subsidence susceptibility map, these areas were mainly located in the class ‘very
high’ sensitivity to land subsidence too. Based on AHP method applied for weighing conditioning factors,
among the selected factors, 'underground water level changes', 'geology' and 'land use' were the factors with
highest weights; 36.8 %, 22.6% and 18.7% accordingly. The important role of the three factors in causing land
subsidence was investigated and the existence of a direct and significant relationship between the important
conditioning factors and land subsidence that occurred in the Shabstar plain in the period from 2018 to 2021 was
confirmed.

By using the proposed method, it is possible to get a correct understanding of the region in terms of land
subsidence occurred and prediction of land subsidence occurrence according to a set of conditioning factors and
concerning their weights. This paper showed that the combination of SAR interferometry time series and spatial
analysis can be an efficient and low-cost method to evaluate land subsidence in land subsidence prone areas. The
method used in this paper can be useful for other areas where there is lack of enough field data about the
occurred land subsidence or its preparation is time consuming and expensive. The results of this study can help
managers and related authorities plan for necessary actions accurately and timely in the prevention and
mitigation phase.
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