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Extended abstract

Introduction

Salmas Plain represents one of the most critical areas in the country experiencing subsidence. In general, various
factors cause land subsidence, but in many areas, the excessive extraction of ground water from aquifers causes
land subsidence. The increasing use of ground water, especially in the sites that are accumulated with alluvial
deposits, shallow sea or unconsolidated lake, leads to subsidence or collapse of the land. With the excessive
extraction of ground water, the water level of the aquifer decreases and the hydrostatic pressure decreases,
which makes it possible for the land to subside gradually. Subsidence in plains mostly occurs due to this factor,
namely excessive groundwater extraction and compaction of clay and silt layers between aquifers. In this case,
even if the water table level rises again, the land cannot return to its original level.

Materials and methods

In this study, the susceptibility of land subsidence in Salmas Plain was investigated using layers of influential
factors in subsidence with ArcGIS software and fuzzy logic. In the first stage, statistical information on some
factors causing subsidence, including groundwater level decline, well extraction rate, aquifer storage
coefficient, transmissivity coefficient, precipitation, DEM map, soil texture, and bedrock depth, was collected
and raster maps of each of these factors at the aquifer level were prepared. In the next stage, fuzzy layering was
performed using fuzzy membership functions based on the impact of decreasing or increasing each of these
factors on land subsidence. Subsequently, the maps were combined using fuzzy operators (Gamma OR, AND,
SUM, PRODUCT) to obtain a unified map of aquifer subsidence susceptibility. Finally, to select the best
combination of operators, the results were compared and evaluated with field observation data and the ROC
curve performance index.

Results and discussion

The results showed that the OR operator had the lowest conformity with observed subsidence in the area with
an AUC of 0.693. Gamma operators with an AUC above 70% had the highest overlap or conformity with
observed subsidence in the plain. In this study, the Gamma 0.9 operator was selected as the best fuzzy operator
with an AUC of 0.805. The results indicate that the eastern part of the aquifer is critical in terms of subsidence.
Approximately 25% of the total area of Salmas Plain, equivalent to 93 square kilometers, has subsidence with
very high susceptibility.

Conclusion

Based on the results obtained, it can be said that although the AUC value of the fuzzy operator sum is higher,
the Gamma operator with a value of 0.9 has the highest conformity with the ground reality on the fuzzy map,
even though it has a lower AUC value. It is essential to mention that the minimum operator AND and Product
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create a region with low susceptibility, while the maximum operator OR and SUM maximize the susceptible
area. They cannot achieve satisfactory performance in preparing a subsidence susceptibility map. Here, they
have only been used to demonstrate the inefficiency of fuzzy operators in maximizing or minimizing subsidence
susceptibility.
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Table 1. Soil type on the surface of the aquifer

Soil type Class number
Sand 1
Loam 2
Silt 3
Clay 4
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Table 2. Bedrock depth at different points of the aquifer surface

Type of well Location UTMX UTMY Depth
Exploratory Araziye Tamar 488342 4216294 52
Exploratory Araziye Habashi 490434 4228297 45
Exploratory Araziye Sedgiyan 484773 4229470 92
Exploratory Aga Esmal 485956 4224853 99
Exploratory Poshte padejan 481286 4228834 95
Exploratory Poshte khantakhty 496473 4220000 62
Exploratory Khantakhty 496279 4220785 109
Exploratory Derishak 484110 4223990 40
Exploratory Soltan Ahmad 493167 4226470 159
Exploratory Soreh 484058 4226118 29
Exploratory Garegeshlagh 497471 4228477 53
Exploratory Kalshan 483878 4221607 121
Exploratory Goluzan 476071 4221377 39
Exploratory Moghanjog 480451 4232158 60
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Fig. 6. Raster map of the factors affecting the subsidence of Salmas Plain aquifer, a: Pumping well, b: G.W Draw down,
c: Transivity, d: Sy, e: Soil texture, f: DEM, g: Rain, h: Bedrock depth
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