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Figure 1. Geographical Location of the Study Area
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Figure 2. Map of effective parameters on land subsidence (A: Distribution of piezometer wells, B: Groundwater
drawdown, C: Land use, D: Aquifer thickness, E: Thickness of the clay layer)
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Figure 3. Classification map of effective parameters on land subsidence (A: Groundwater drawdown, B: Lithology of
the aquifer, C: Land use, D: Aquifer thickness, E: Thickness of the clay layer)
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Figure 4. Land Subsidence map of Abarkouh plain using PCSM
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Figure 5. Land Subsidence map of Abarkouh plain using interfrogram (m)

3 xSy Sldos bl sl Oliyaely g Glpse sl
2y )8

Pl o mli @ ey b b ingh b il eslitl
wl Ded e dog (sblie Cuniigd Juwily (ow)y
Caslie sloialy S lgie 4 Slgs o Buizs oyl 5l ol

P

. Afifi, M.A. 2017. Assess the potential of land subsidence and its related factors (Case study: Plain

Saidan Farouk Marvdasht). Quantitative Geomorphological Research, 5(3): 121-132.

. Amighpey, M., Z. Mousavi, H. Nankali, S. Arabi, M. Sedighi and S. Hosseini. 2008. Studying

subsidence in Iran with leveling and permanent GPS observations. Geophysical Research Abstracts,
10.

. Arabameri, A., S. Saha, J.P. Tiefenbacher, A. Cerda, T. Biggs, B. Pradhan, P.T. Ngo and A.L. Collins.

2020. A novel ensemble computational intelligence approach for the spatial prediction of land
subsidence susceptibility. Science of the Total Environment, 726: 85-95.

. Asadzadeh, F., M. Kaki, S. Shakira and B. Raei. 2016. Impact of drought on groundwater quality and

groundwater level in Qorveh-Chardoli Plain. Water Resources Research, 12(3): 153-165 (In Persian).

. Daniel, R., C. Maisons, S. Carnec, C. Le Mouelic, C. King and S. Hosford. 2003. Monitoring of slow

ground deformation by ERS radar interferometry on the Vauvert salt mine (France) Comparison with
ground-based measurement. Remote Sensing of Environment, 88(4): 468-478.


https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/article/pii/S0048969720321112#!
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697/726/supp/C
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.2.12.3
http://drnl.sanru.ac.ir/article-1-175-en.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.2.12.3 ]

gy (hlras g op)d (Jg e Slimd o yo « 8L JB Hlsd] dosro ¢ Jlgyuis )2
WY yraa uLAM)})-ULJ/V O)Low/Jsl JLA/@.«J@ pr‘)‘ ;L.>|5w)_>u

6. Dehghani, M., M.J. ValadanZoej, |. Entezam, S. Saatchi and A. Shemshaki. 2011. Interferometric
measurements of ground surface subsidence induced by overexploitation of groundwater. Journal of
Applied Remote Sensing, 4(1): 56-73.

7. Gao, Y., E. Alexander and R.J. Barnes. 2005. Karst database implementation in Minnesota: analysis of
sinkhole distribution. Environmental Geology, 47(8): 1083-1098.

8. Garechaee, H.R., A.A. Nazari Samani, Sh. Khalighi Sigarugi, A. Fathabadi and Kh. Ahmad Alee.
2020. Assessing the Factors Affecting the Salinity Risk of Groundwater using Data Mining and
Statistical Methods in arid and Semi-Arid Regions. Degradation and Rehabilitation of Natural Land,
1(1): 45-60.

9. Haghighatmehr, P., M.J. Valadanzouj, R. Tajik, S. Jabari, M.R. Sahebi, R. Eslami, M. Ganjiyan and
M. Dehghani. 2012. Time Series Analysis of Hashtgerd Subsidence Using Radar Interferometry and
Global Positioning System. Geosciences, 22: 105-114.

10.Khalifi, P., A.A. Nadiri, E. Abbas Novinpour and M. Gharekhani. 2019. Estimation of subsidence
potential index using the PCSM Method and fuzzy model in Ardabil plain aquifer. Iran-Watershed
Management Science and Engineering, 13(45): 44-54 (In Persian).

11.Maghsoudi, Y., R. Amani and H. Ahmadi. 2019. A study on land subsidence in west of Tehran using
sentinel-1 images and persistent scatters interferometry. Iran-Water Resources, 15(1): 299-313 (In
Persian).

12.Maleki, A. and P. Rezaee. 2016. Forecast locations at risk of subsidence plain Kermanshah. The
Journal of Spatial Planning, 20(1): 235-251 (In Persian).

13. Mokhtari, D., H. Ebrahimy and S. Salmani. 2019. Land subsidence susceptibility modeling using
random forest approach (Case study: Tasuj plane catchment). RS and GIS for Natural Resources,
10(3): 93-105 (In Persian).

14. Nadiri, A.A., T. Taheri, G.H. Bazegari and K.H. Didehban. 2018. A framework to estimation of
aquifer subsidence potential using genetic algorithm. Water Resources Research, 14(2): 174-185 (In
Persian).

15. Nadiri, A.A., M. Gharekhani, R. Khatibi and A. Asghari Moghaddam. 2017. Assessment of
groundwater vulnerability using supervised committee to combine fuzzy logic models. Environmental
Science and Pollution Research, 24(9): 8562-8577.

16.Pham, H.G., T.H. Vu, D.H. Nguyen, T.H.A. Nguyen and N.M. Nguyen. 2020. Land subsidence
prediction for a new urban mass rapid transit line in Hanoi. Underground Space, 5(2): 93-104.

17.Pourab, Consulting Engineers, 2012. Geology and Hydrogeology Reports. (Abarkouh). 173 pp.

18. Sadeghfam, S., Y. Hassanzadeh, A.A. Nadiri and R. Khatibi. 2016. Mapping groundwater potential
field using catastrophe fuzzy membership functions and Jenks optimization method: a case study of
Maragheh-Bonab plain, Iran. Environmental Earth Sciences, 75(7): 545.

19. Saffari, A., F. Jafari and S.M. Tavakoli Sabour. 2016. Monitoring its land subsidence and its relation
to groundwater harvesting case study: Karaj Plain-Shahriar. Quantitative Geomorphological Research,
5(2): 82-93.

20. Sharifikia, M. 2010. Evaluation of land subsidence related disasters in plains and residential areas of
Iran. Iranian Association of Engineering Geology, 3(3): 43-58 (In Persian)

21.Shyu, G.S., B.Y. Cheng, C.T. Chiang, P.H. Yao and T.K. 2011. Applying factor analysis combined
with kriging and information entropy theory for mapping and evaluating the stability of groundwater
quality variation in taiwan. International Journal of Environment Research and Public Health, 8(4):
1084-11009.

22.Taheri Zangi, S. and A. Vaezihir. 2020. Vulnerability of Shazand Plain Subsidence Caused by
Groundwater Level Reduction Using Weighting Model and Its Validation Analysis Using Radar
Interferometry. Echohydrology, 7(1): 183-194.

23. Waltham, A.C. 1989. Ground subsidence. 1% Edition Blackie and Son Ltd. New York, USA, 49-97.

24.Zeng, D., K. Yinghai, G. Huili, L. Xiaojuan and L. Zhenhong. 2017. Land subsidence prediction in
Beijing based on PS-InSAR technique and improved Grey-Markov model. GIS Science and Remote
Sensing, 54(6): 797-818.

25.Zhou, G., T. Esaki and J. Mori. 2003. GIS-based spatial and temporal prediction system development
for regional land subsidence hazard mitigation. Environmental Geology, 44(6): 665-678.


https://hsmsp.modares.ac.ir/article-21-4935-en.pdf
https://hsmsp.modares.ac.ir/index.php?sid=21&slc_lang=en
https://hsmsp.modares.ac.ir/index.php?sid=21&slc_lang=en
https://hsmsp.modares.ac.ir/browse.php?mag_id=750&slc_lang=en&sid=21
https://www.tandfonline.com/author/Deng%2C+Zeng
https://www.tandfonline.com/author/Ke%2C+Yinghai
https://www.tandfonline.com/author/Gong%2C+Huili
https://www.tandfonline.com/author/Li%2C+Xiaojuan
https://www.tandfonline.com/author/Li%2C+Zhenhong
https://www.tandfonline.com/toc/tgrs20/current
https://www.tandfonline.com/toc/tgrs20/current
https://dor.isc.ac/dor/20.1001.1.27174425.1399.1.2.12.3
http://drnl.sanru.ac.ir/article-1-175-en.html

[ Downloaded from drnl.sanru.ac.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27174425.1399.1.2.12.3 ]

Degradation and Rehabilitation of Natural Land Vol. 1, No 2, Autumn and Winter 2021 ............ccccoieiviineieiieieee e eeeneennn. 122

Evaluation of Land Sensitivity Potential to Subsidence Phenomenon using PCSM
Method and Shannon s Entropy Theory (Case Study: Abarkouh Plain)

Zahra Khosravani', Mohammad Akhavan Ghalibaf’, Maryam Dehghani?,
Vali Derhami* and Mustafa Bolca’

1- Ph.D. Student of Combat Desertification, Department of Arid Land and Desert Management, Faculty of Natural
Resources and Desert Studies, Yazd University, Iran
2- Assistant Professor of Arid Land and Desert Management Department, Faculty of Natural Resources and Desert
Studies, Yazd University, Iran (Corresponding author: makhavan@yazd.ac.ir)
3-Associated Professor of Civil and Environmental Engineering Department, School of Engineering, Shiraz
University, Shiraz
4- Professor of Computer Engineering Department, Faculty of Engineering, Yazd University, Iran.
5- Professor of Soil Science Department, Faculty of Agriculture, Ege University, Izmir, Turkey
Received: June 12, 2021 Accepted: September 6, 2021

Abstract

The goal of this study is to prepare the potential map of subsidence in Abarkouh plain. For
this purpose, data of 34 piezometer wells and 77 logs were used. Five factors affecting the
subsidence include groundwater level, lithology of the aquifer, land use, aquifer thickness, and
the thickness of the clay layer were selected and with Point Count System Model (PCSM) using,
each study points leveled and their raster layers prepared with using Kriging interpolation.
According to the importance and effect of each studied parameters in the occurrence of the
subsidence, the weight of each layer was calculated using the Shannon’s entropy theory. Then,
the raster layers multiplied by weight of each parameter and combined together, and the
potential map of the land subsidence was obtained. Finally, in order to investigate the accuracy
and validation of the produced map, the results compared with the land subsidence map that
obtained from Sentinel -1 radar image. The results of the land subsidence potential map (PCSM
method) showed that the eastern, northern and northeastern regions of the study area had the
highest potential of subsidence. Besides the groundwater table drawdown, these areas contain
clay with considerable thickness. According to the Shannon entropy theory, the thickness of the
clay layer had a maximum effect on the subsidence occurrence. The comparison of subsidence
potential map with the subsidence map that extracted from radar images showed the high
efficiency (R=0.87) of the method that used in the present study.

Keyword: Abarkouh, Aquifer, Radar image, Shannon Theory, Subsidence
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