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I- Interferometric Synthetic Aperture Radar (InNSAR)
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- Differential Interferometric Synthetlc Aperture Radar (D-InSAR)

3 Global Positioning System (GPS
5- Topographic Wetness Index (TWI)

2- Geogra| PhIC Information System (GIS)
4- Normalized Difference Vegetation Index (NDVI)
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Figure 1. Location of the study area in Kerman province and Iran
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Figure 2. Flowchart of land-subsidence susceptibility mapping steps
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NDVI=(Band5-Band4)/(Band5+Band4) (Y akl))

1- Inverse Distance Weight (IDW)

2- Frequency Ratio (FR)

3- Maximum Entropy
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I- Modeling Ecological o
3- Statistical package for social science (SPSS)

2- Receiver Operating Characteristic (ROC)
4- Area Under Curve (AUC)
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Table 1. Frequency ration of effective factors on land-subsidence occurrence
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Figure 3. Land-subsidence susceptibility mapping using maximum entropy model

(295 Ay B9 J) o3l b (e Cantig B Copalu Ll Y Joo
Table 2. Classes of land-subsidence susceptibility using maximum entropy method

(colus) Jusy 2o yd Sy olass b 09,5
¥¥/-¥ YY VO p.f \
Y\/55 VYYYEY bwgis Y
VALY AFYYsy ob; Y
\SIYA Ad-YA- s ki ¥

S gddls o (/8 = IV) G (1Y —+/A) lawsie i o b5l 5 ol zuls sl onds &51)1 Y i o

DyS o ylB Lgd oo e ¥ Jodo 13 ROC lsges I odliwl b og,5]
olab O )'l J.Lo O,_{I O'.’.‘)'.’t:’ 2l ULM.: «[ADA |) J_\.o



¥

1.0
—
rd
,/
e
0.8 P
o
Py

Zos
= r
= s
w Py
S :
0.4 a

0.2

0.0 T T T T

0.0 02 04 06 0.8 1.0

1 - Specificity

2955 &y Jao ROC Jlages =¥ S0
Figure 4. Recivier operating characteristics curve of maximum entropy model

o) Camniiiq b slad 359150 35 (90l Aty Jio Coo —Y Jou>

Table 3. Validity of maximum entropy model in assesment land subsidence

720 (Siued oliobl

Sb e paw

3 lkiwl sllas Colue Jse

Ol s Vi as

.y ./avy foes

o[-y IV 2955 A

pole > ol jl odlatal g (5ymS el Jao cpl ogllae B
5 (V) B (aalop (A) Giddew Jed ) cilie
4 sy boplpls cwl sas (V) Cblyy (gl e
O5L65 sl 5l pre Coniin b oy 3 Juols slacauwl
sbml dilate Sl & (azecinj 5 olail (Sl
Che Mo golfodly STl eolatul D4 o
xSl S8 e gas)le ol siledse
Pgd e guite (yaj Cumdig)d Cllad oS sy
Sl g blwtipd e ileand @l cplpl
N g catby Jolo rizpn g odd dns Cuwlas
S aginy sWoly SNl ol 1 (ieinj ol sloo e
9 omeipe bl Glshyaln 2 (oke 4B Sl
A8k ausly aslllae 3590 ddlate )3 (rejpj ©f @lie Copte
O 98l dde S elel 8 axas ol g

3,5 30l 58 Fge Jole o ek

oon el & ol oges (Jao (9] Ay Jao

Pl S pitediz g by e SO ple by,
sl (YY) a0 i)l 4 e Sllllae gladipe;
0935 by eS8 Ll sl cawl Jad e Jae S
ol sl 1y 5eS1s Gl S olgee 1 5
@ @b bysie @ig 390 0 9 Sl Sl e
sl and , Jio opl 5l edlanel (YY) oyl 508 i
ol 45313y 6 3,Shes 5 ol 505 ol
RF Jao 5 (a9l dindin Jdo Oleo dunlie (izes ()
3 8das (V) (iojj gloc] Jesly 4 bgsyo (i 5
A ol RFE o 4 caws |y ME s i Swr i
sibo pyile (£53L (K05 clb o2ysS M s ME o
Sl Wlgi o « (ANNS) egime ms claaSed
s Bl (izen (YY) S oal8 bl gl 1) ke
3 St S5yt el s L aunlie 5 ME s (19)
5 @b (Sl culpls 039 3y 0 s osle Sluwlre

I- Random Forest (RF)

2- Artificial Neural Network (ANNSs)



VEY 29,5 iy Jdo 5] 03l b pee; Cammiig b ol 4 4 g S0 (g 5lodus

&l

1. Agrawal, D., J.K. Singh and A. Kumar. 2005. Maximum Entropy-based Conditional Probability
Distribution Runoff Model. Biosystems Engineering, 90: 103-113.

2. Azarbagh, H. 2014. Evaluation of the amount of soil restoration in the formation and development of
gaps in Jiroft plain. Master's dissertation, Islamic Azad University Zahedan, Faculty of Sciences, 87
pp (In Persian).

3. Berry, M.J. and G.S. Linoff. 2004. Data mining techniques. 2™ Edition. John Wiley and Sons.

4. Chen, W., H.R. Pourghasemi and S.A. Nagibi. 2017. A comparative study of landslide susceptibility
maps produced using support vector machine with different kernel functions and entropy data mining
models in China. Bulletin of Engineering Geology and the Environment, 1-18.

5. Elmizadeh, H. 2011. Morphological analysis and gradient in relation to erosion (Case study: Basin
Nechi). Geographic Information Magazine, 80: 79-83 (In Persian).

6. Ercanoglu, M. and C. Gokceoglu. 2002. Assessment of landslide susceptibility for a landslide prone
area (North of Yenice, NW Turkey) by fuzzy approach. Environmental Geollogy, 41: 720-730.

7. Jahani, S. and M. Delbrie. 2009. Estimation estimation of the maximum 24-hour rainfall in Golestan
province. Water Engineering Magazine, 13-22 (In Persian).

8. Khosravi, K., H.R. Pourghasemi, K. Chapi and M. Bahri. 2016. Flash flood susceptibility analysis and
its mapping using different bivariate models in Iran: a comparison between Shannon’s entropy,
statistical index, and weighting factor models. Environ Moint Assess, 188: 1-21.

9. Komac, M. 2006. A landslide susceptibility model using the analytical hierarchy process method and
multivariate statistics in perialpine sloveni. Geomorphology, 74: 17-28.

10. Lee, S., I. Park and T.K. Choi. 2012. Spatial prediction of ground subsidence susceptibility using an
artificial neural network. Environmental Management, 49: 347-358.

11.Li, Z., H. Zhou and Y. Xu. 2013. Research on prediction model of support vector machine based land
subsidence caused by foundation pit dewatering. Advanced Materials Research, 105-108.

12. Lubis, A., T. Sato, N. Tomiyama, N. Isezaki and T. Yamanokuchi. 2011. Ground subsidence in
Semarang-Indonesia investigated by ALOS-PALSAR satellite SAR interferometry. Journal of Asian
Earth Sciences, 40: 1079-1088.

13. Minasny, B., A. Mcbratney and S. Blanes. 2008. Quantitative models for pedogenesis-a review.
Geoderma, 144: 140-157.

14. Moghimi, A. and S. Negahban. 2012. Investigation of erosion in the watershed of Shahr Fadami River
using entropy model. Journal of Natural Geography Researches, 33: 1-16 (In Persian).

15. Mohammad Khan, S.H, A. Wisey and K. Bagheri. 2014. Landslide hazard potential using entropy
model, case study (Shirpanah mountainous area in southwest of Kermanshah province). Geographic
Quarterly of Territory, 44: 89-103 (In Persian).

16. Ozdemir, A. 2016. Investigation of sinkholes spatial distribution using the weights of evidence
method and GIS in the vicinity of Karapinar (Konya, Turkey). Geomorphology, 245: 40-50.

17.Park, 1., J. Lee and S. Lee. 2014. Insemble of ground subsidence hazard maps using fuzzy logic.
Center European Journal of Geosciences, 6: 207-218.

18. Pourghasemi, H.R. and M. Beheshtirad. 2015. Assessment of a data-driven evidential belief function
model and GIS for groundwater potential mapping in the Koohrang Watershed, Iran. Geocarto
International, 30: 662-685.

19. Pourghasemi, H.R. and N. Kerle. 2016. Random forests and evidential belief function- based landslide
susceptibility assessment in Western Mazandaran Province, Iran. Environmental Earth Sciences, 75:
1-17.

20. Pourghasemi, H.R., H.R. Moradi and S.M. Fatemi Aghda, C. Gokceoglu and B. Pradhan. 2014. GIS-
based landslide susceptibility mapping with probabilistic likelihood ratio and spatial multi-criteria
evaluation models (North of Tehran, Iran). Arabian Journal of Geosciences, 7: 1857-1878.

21. Pourghasemi, H.R., M. Mohammady and B. Pradhan. 2012. Landslide susceptibility mapping using
index of entropy and conditional probability models in GIS: Safarood Basin, Iran. Catena, 97: 71-84.

22.Pourghasemi, H.R., S. Yousefi, A. Kornejady and A. Cerdi. 2017. Performance assessment of
individual and ensemble data-mining techniques for gully erosion modeling. Science of the Total
Environment, 609: 764-775.

23.Pourhasemi, H.R., H.R. Moradi, M. Mohammadi, R. Mostafazadeh and A.S. Golijerandeh. 2013.
Landslide hazard zonation using the Bayesian theory. Journal of Science and Technology of
Agriculture and Natural Resources, Water and Soil Sciences, 62: 109-121 (In Persian).

24.Pradhan, B. 2011. Manifestation of an advanced fuzzy logic model coupled with geoinformation
techniques coupled with geoinformation techniques for landslide susceptibility analysis.
Environmental and Ecological Statistics, 18: 471-493.

25.Pradhan, B., M.H. Abokharima, N.M. Jebur and M. Shafapour Tehrany. 2014. Land subsidence
susceptibility mapping at Kinta valley (Malaysia) using the evidential belief function model in GIS.
Natural Hazards, 73: 1019-1042.


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_MdhnK0AAAAJ&citation_for_view=_MdhnK0AAAAJ:oqD4_j7ulsYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_MdhnK0AAAAJ&citation_for_view=_MdhnK0AAAAJ:oqD4_j7ulsYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_MdhnK0AAAAJ&citation_for_view=_MdhnK0AAAAJ:oqD4_j7ulsYC

VEY WAA i 9 3ol IV o)l [pmd Jlo 350l 0jg> o pite dolitingys

26.Rahmati, O. and H.R. Pourghasemi. 2017. ldentification of critical flood prone areas in data-scarce
and ungauged regions: A comparison of three data mining models. Water Resour Manage, 31: 1473-
1487.

27.Rahmati, O., H.R. Pourghasemi and A.M. Melesse. 2016. Application of GIS-based data driven
random forest and maximum entropy models for groundwater potential mapping: A case study at
Mehran Region, Iran. Catena, 137: 360-372.

28. Rahnama, H. and S. Mirasi. 2016. Analysis and Evaluation of Parameters Effecting on Earth Survival.
Journal of Civil Engineering, 1: 45-53 (In Persian).

29. Rodriguez-Galiano, V. and M. Chica-Olmo. 2012. Land cover change analysis of a Mediterranean
area in Spain using different sources of data: multi-seasonal Landsat images, land surface temperature,
digital terrain models and texture. Applied Geography, 35: 208-218.

30. Saffari, A., F. Jafari and S.M. Tavakolisabour. 2016. Monitoring its land subsidence and its relation to
groundwater extraction, Case study: Karaj-Shahriar Plain. Quantitative Geomorphology Researches,
2: 82-93 (In Persian).

31. Shadfar, S., A. Nasiri, S. Chitgar and A.S. Ahmadi. 2015. The zoning of the risk of land subsidence
using the Analytical Hierarchy Process (AHP) method, the study area (Boeinzahra City).
Geographical Quarterly of the Territory, Scientific-Research, 48: 101-116 (In Persian).

32. Sharificia, M. 2012. Determination of the magnitude and extent of ground subsidence by the radar
interferometry (D-InSAR) method in the Nough-Bahraman plain. Planning and Approach Space, 3:
56-77 (In Persian).

33. Soleimani, K., J. Zandi and M. 2013. Habibnejad Roshan. Evaluation of the efficiency of frequency
ratio methods, bivariate statistics in the preparation of a landslide sensitivity map (case study:
Mazandaran Vazrood watershed). Engineering geology and environment, 94: 41-50 (In Persian).

34, Tihansky, A.B. 1999. Sinkholes, West-Central Florida, 121-141.

35.USGS (United States Geological Survey). 2011. Research and review information located, Assess on
September http://water.usgs.gov/ogw/pubs/fs00165.

36. Ustun, A, E. Tusat. S. Yalvac. I. Ozkan. Y. Eren and A. Odemir. 2015. Land subsidence in Konya
closed basin and its spatio-temporal detection by GPS and DINSAR. Environmental Earth Sciences,
73:6691-6703.

37.Yesilnacar, E.K. 2005. The application of computational intelligence to landslide susceptibility
mapping in Turkey. Ph.D Thesis, Department of Geomatics the University of Melbourne, 423 pp.

38.Yilmaz, I. 2007. GIS based susceptibility mapping of karst depression in gypsum: A case study from
Sivas basin (Turkey). Engineering Geology, 90: 89-103.

39.Yilmaz, 1. 2013. Marschalko M, Bednarik, M. An assessment on the use of bivariate, multivariate and
soft computing techniques for collapse susceptibility in GIS environ. Journal of Earth System Science,
122:371-388.

40.Yin, J.,, D. Yu and R. Wilby. 2016. Modelling the impact of land subsidence on urban pluvial
flooding; Acase study of downtown Shanghai, China. Science of the Total Environment, 544: 744-
753.

41. Zare, M., H.R. Pourghasemi, M. Vafakhah and B. Pradhan. 2013. Landslide susceptibility mapping at
Vaz watershed (lran) using an artificial neural network model: a comparison between multi-layer
perceptron (MLP) and radial basic function (RBF) algorithms. Arabian Journal of Geoscience, 6:
2873-2888.

42.Zongji, Y., J. Qiao and X. Zhang. 2010. Regional landslide zonation based on entropy method in three
gorges area, China. Seventh International Conference on Fuzzy System and Knowledge Discorery,
(FSKD 2010).


http://www.sciencedirect.com/science/journal/00137952

Journal of Watershed Management Research, Vol. 10, N0.20, Autumn and Winter 2019 .........coeieiiiiiiiiniieiee e 144

Spatial Simulation and Land-Subsidence Susceptibility Mapping
Using Maximum Entropy Model

Sahar Abdollahi', Hamid Reza Pourghasemi’, Gholamabbas Ghanbarian'
and Roja Safaeian’

1- Department of Natural Resources and Environmental Engineering, College of Agriculture, Shiraz University
2- Department of Natural Resources and Environmental Engineering, College of Agriculture, Shiraz University,
(Corresponding Author: hr.pourghaseml@shirazu.ac.irg
Received: February 6, 2018 Accepted: August 27,2018

Abstract

“The aim of this research is spatial Simulation and land subsidence susceptibility mapping
using maximum entropy model in Jiroft and Anbarabad Townships. At first, land subsidence
locations were recognized using extensive field surveys and subsequently the land subsidence
distribution map was made in the dgeographic information system. Then, each of effective
factors on land subsidence occurred in study area such as: percent slope, aspect direction,
altitude classes, profile curvature, plan curvature, topographic wetness index (TWI), distance of
drainage, litology units, pizometric data, land use, and normalized difference vegetation index
(NDV?) digitized in GIS environment. Then, using frequency ratio (FR) method, the weight of
the classess of each factor and was determined. Finally, land subsidence susceptibility map in
the study area was prepared using the model maximum entropy. The results of validation of
model using 30% of the unused points in the modeling process and according receiver operating
characteristic (ROC) showed that the map of land subsidence susceptlblll_'% obtained from the
maximum entropy had the high accuracy of ARC value of 0.859 585.9%). erefore, the zoning
map can play a significant role in water resource management and identification of critical areas
according to extracting groundwater table in the study area.
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