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Abstract

Land subsidence is a significant hazard affecting many plains of Iran, including the
Eyvanakey Plain in Semnan Province. The Eyvanakey Plain has a high potential for
subsidence due to the influence of climate and topography. Given the importance of this issue,
the present research aims to evaluate land subsidence in the Eyvanakey Plain and analyze the
factors contributing to its occurrence.

In this study, Sentinel-1 radar images, Landsat satellite imagery, and data from piezometric
wells in the region were utilized as primary research data. The key tools employed include
GMT, ArcGIS, ENVI, and SPSS software. The study was conducted in two main phases:
first, an assessment of land subsidence in the region from 2016 to 2022, and second, an
analysis of the impact of groundwater depletion and land use changes on subsidence.

The results indicate that the study area experienced subsidence ranging from 28 to 533 mm
over the six-year period, which is a significant amount. Spatial analysis of the subsidence
reveals that the highest rates occurred in the southern parts of the Eyvanakey Plain. These
areas also experienced an annual drop in groundwater levels of approximately 2 meters,
highlighting groundwater depletion as one of the primary causes of subsidence.
Furthermore, based on the results, the extent of man-made areas and agricultural lands
increased by 6.9 km2 and 2.7 km?, respectively, between 1992 and 2022. Given that the
highest levels of subsidence were observed in these land use areas, the development of
agricultural lands and man-made areas has been identified as the main cause of subsidence.

Key words: Land Subsidence, Groundwater Depletion, Eyvanakey Plain, Land Use changes,
Sentinel-1 Radar Imagery, Spatial Analysis.
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Table 1- Date of the radar images used

&b @, &b @, <3 @, <3 @,

Date Num. Date Num. Date Num. Date Num.
2020.09.17 47 2019.03.27 32 2017.10.15 17 2016.01.06 1
2020.10.23 48 2019.05.02 33 2017.11.20 18 2016.02.23 2
2020.11.28 49 2019.06.07 34 2017.12.26 19 2016.03.18 3
2021.01.03 50 2019.07.13 35 2018.01.19 20 2016.04.11 4
2021.02.08 51 2019.08.18 36 2018.02.24 21 2016.05.29 5
2021.03.16 52 2019.09.23 37 2018.04.01 22 2016.07.04 6
2021.04.21 53 2019.10.29 38 2018.05.07 23 2016.09.02 7
2021.05.27 54 2019.12.04 39 2018.06.12 24 2016.10.20 8
2021.07.02 55 2020.01.09 40 2018.07.18 25 2016.12.07 9
2021.08.07 56 2020.02.14 41 2018.08.23 26 2017.01.24 10
2021.09.12 57 2020.03.21 42 2018.09.28 27 2017.03.01 11
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2021.10.18 58 2020.04.26 43 2018.11.03 28 2017.04.06 12

2021.11.23 59 2020.06.01 44 2018.12.09 29 2017.05.12 13

2021.12.17 60 2020.07.07 45 2019.01.14 30 2017.06.29 14

2020.01.10 61 2020.08.12 46 2019.02.19 31 2017.08.04 15
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Table 2- Specifications of the images used

okioris 0,58k &b )

Sensor Satellite Date Num.
™ Landsat 5 1992 1
™ Landsat 5 2002 2
ETM Landsat 7 2012 3
oLl Landsat 8 2022 4
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Table 3- Selected image pairs for generating interferogram maps

Image pair st zs; ’il’;; Image pair st zs; l\ol):r; Image pair st zs; ICI)LL:n:
2020.02.14 2020.03.21 41 2018.02.24 2018.04.01 21 2016.01.06 2016.02.23 1
2020.03.21 2020.04.26 42 2018.04.01 2018.05.07 22 2016.02.23 2016.03.18 2
2020.04.26 2020.06.01 43 2018.05.07 2018.06.12 23 2016.03.18 2016.04.11 3
2020.06.01 2020.07.07 44 2018.06.12 2018.07.18 24 2016.04.11 2016.05.29 4
2020.07.07 2020.08.12 45 2018.07.18 2018.08.23 25 2016.05.29 2016.07.04 5
2020.08.12 2020.09.17 46 2018.08.23 2018.09.28 26 2016.07.04 2016.09.02 6
2020.09.17 2020.10.23 a7 2018.09.28 2018.11.03 27 2016.09.02 2016.10.20 7
2020.10.23 2020.11.28 48 2018.11.03 2018.12.09 28 2016.10.20 2017.12.07 8
2020.11.28 2021.01.03 49 2018.12.09 2019.01.14 29 2016.12.07 2017.01.24 9
2020.11.28 2021.01.03 50 2019.01.14 2019.02.19 30 2017.01.24 2017.03.01 10
2021.01.03 2021.02.08 51 2019.02.19 2019.03.27 31 2017.03.01 2017.04.06 11
2021.02.08 2021.03.16 52 2019.03.27 2019.05.02 32 2017.04.06 2017.05.12 12
2021.03.16 2021.04.21 53 2019.05.02 2019.06.07 33 2017.05.12 2017.06.29 13
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2021.04.21 2021.05.27 54  2019.06.07 2019.07.13 34 2017.06.29 2017.08.14 14
2021.05.27 2021.07.02 55 2019.07.13 2019.08.18 35 2017.08.04 2017.09.09 15
2021.08.07 2021.09.12 56  2019.08.18 2019.09.23 36 2017.09.09 2017.10.15 16
2021.09.12 2021.10.18 57  2019.09.23 2019.10.23 37 2017.10.15 2017.11.20 17
2021.10.18 2021.11.23 58 2019.10.29 2019.12.04 38 2017.11.20 2017.12.26 18
2021.11.23 2021.12.17 59  2019.12.04 2020.01.09 39 2017.12.26 2018.01.19 19
2021.12.17 2022.01.10 60 2020.01.09 2020.02.14 40 2018.01.19 2018.02.24 20
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Table-4 Location and average annual decline of wells in the study area
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Table 5-The area of Land use types within the study area from 1992 to 2022 (km?)
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Fig.7. Graph of the area of land use types within the study area from 1992 to 2022
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Fig.8. A picture of the effects of subsidence in the Eyvanakey Plain
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