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1- Natural 2- Engineering

3- Aquifers 4- Water table
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Figure 1. Location of Semnan plain in Iran
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1- Landslide hazard zoning
4- Profile curvature

2- Digital Elevation Model (DEM)
5- Topographic Wetness Index (TWI)

3- Plan curvature
6- Inverse Distance Weight (IDW)
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Figure 2. Conditioning factors of land subsidence in Semnan plain

1- Global Positioning System (GPS)
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Continued figure 2. Conditioning factors of land subsidence in Semnan plain
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Figure 3. Land subsidence distribution map in Semnan plain
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Figure 5. Land subsidence susceptibility map created using entropy in Semnan plain

1- Receiver Operating Characteristic (ROC)


http://dx.doi.org/10.52547/jwmr.12.23.75
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.7.2
http://jwmr.sanru.ac.ir/article-1-1002-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22516174.1400.12.23.7.2 ]

[ DOI: 10.52547/jwmr.12.23.75 ]

A

Sl 4 drg b asdee b (55)liS Sex 5 ladlaie
oWl > Cundigyd g8y » F5e slayiall gyl
P Cadigd Gl Gl el odg cob dnEdS
sl e loposte 1) Gliow €l 53 30 sla Lo
onfime b Cud 3 ol 3 (ein; ol e
sbol L9y L£)|>)J.°)-?(.‘ ol 5 4sX8 ook
S byl o Jie Glyieas blodges o)Ll e
GBS g bl ) e Jele (nSete e (duejn
9 93 orzed (TV) Sl odd (Bpee () Cumdiy)d
Jlo 5l 8 1y ez 55 0302 slacandis)d (1Y) o) Sen
It b (b ynS g @5 @3> )3 (qw)y 090 Ve 00
WS ol eejny ol s ) e ety st
o ) i g)byeste 56 & g (VA) ollSen 5 gl
95 0yl3l (o) aglgul ) ohgd Cuniig p
Sl jlagye by (Y0) hlses 5 (o )l b
uolsd 3blo Sl gyl ) Cumdig b (Lol > ()0
g8 2 <l b Shey U & 5 (M) hlSen 5 (S
Ly g (Slyee Cunl 03,8 o)Ll lisgiin > Cundigyd
g Cubdgpe Cbd 3 ciia (F) 2ls) 5 (e s (V0)
Contin 3 Jolo plgisas |y (dnojpj ol ddaw el olisle s
Cl b @ glie S0 ladiges Sl ge (B
(1) Wbb SoSL > Candigd GRIE p o (e
2 Opwdl adbate g (YY) G (V) (lwsSojSo
2 5o g e Jelse 5l 500 (S age o)Ll (V7) 150l
Fobs g 039 (wldime) Claogad (pe) Cuwiig)d
aldie) Sl g o) lasijls ) dilaie glacuniis s
opdse cpl 4 o (V) Jlue g cliwp cwl odb
Sleea 1y Glesel jo 5y )y Jsl g sgmg 03,5 oLl
Wdged (Bymo lhed cubd il ;0 ege Jolo

e daw dwlre g ROC oo jl oolaiwl b
(5 JSo) del cowdas +VND gyl Jse cdd

el (oo g (ool Loy gdade doe

Foo bl g 5l VY ojled /em3jlgd Jlo juscl 09> o prte doliinghs

P Comdigd g8y ) Gl g (b dilize Lelgs

bl 5 S0 el JuS cunl e Sliow Cudd
o slp Al 2980 Cuandig )b domll )3 g () Aoy
5 ime syl wile (6)S0> blpd Ll cudig)d
JuS U sl palyd e ol (slroyiw do | i adso
W)l g cuwd a8l oy ol g8y 9 S 4 B
9 SOt Cundy & o3y BSmid slapell
O b e )3 86 Cod ]y S Cash) (e
#U Bl Gl cumdy p )] g cud (pizen
bl & S 5 iyl Gl )b et
olela)) )0 5t citud iy ol ledlatwl 5 e
S9Sme Sl (Bib 5l 292y Mo kg oS
Gl dily ©aday adlas 3)50 dilaio > (550l 4
VST ul L9y w‘.)).s ul@] J,s\j.) )l 9 039 (w0
g SiS edlil byld o ol 5 ol slaise
llyy o p3 5 (B Gl & Wb 8 Sidaes
ein) sbol (ald gz ) il dguon (o
g b Wl it Gilae lp Ol mie e
2ol @le l agye catly 4 e & cusl ()liS
e 3)90 adlate ;3 (VF) 39 00 (o) Comulig)d 4l
CRPeRe Olpeds (deajn) (Sloyiu g 03 o5 )L Oljee
day b e Lials b o cadd Ol el ol aie
I ople gl bl ol Ol;;»‘ O Sao L
ool wly Ll e il ol 4 S0 (slaplil
u:f;"l)’él 4 e Syl il g ooy islibl ]y 5o g (Sixuo
Cla il a1 el lp jyslas’ bl
adlais 2 u.)}:lﬁ dl}bd)b))o).ee )409)’19 .)9.\»@ ).)um..)
Sir9liS (B 3 45 ) 329 (3L (St (slaoly
Lo ol caiby e o Sl o)l c\:s)f By
Caiby lise g Splpe sbroly Dl I ads Lol 4l
Sl eSpb GlidyS bawgs gd90 cnl (g 215 2929 ]


http://dx.doi.org/10.52547/jwmr.12.23.75
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.7.2
http://jwmr.sanru.ac.ir/article-1-1002-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22516174.1400.12.23.7.2 ]

[ DOI: 10.52547/jwmr.12.23.75 ]

Gl (om0 g (ol yg Lo jien ((shono Ao

AY 2955 Jto 5l 03l b jliows Cudd )3 (e Commiiig b (6 placamlus obj)l
10
0.8
3
‘i; 0.6
K
.q\
<}
5
r 047
4
)
2
} 0.2
00 T T T T T
00 02 04 06 08 1.0

Oliows cadd 5 ‘__93.9):31 Jo b odd 45 Gy b Conlus 45 gl ROC ieio =8 JS0
Figure 6. ROC curve for entropy model in Semnan plain

S oSS adlllas 3)90 adlaie ) (b plio g Cons
Wl 6 red dnwgs 3 (6L Jole (piaed Canitig b
cos 1y slojle o (oolasdl slacdled o) Camiidgyd g
) 553 owlib o) sloodyly Casl (San g o2l 5 55k
adllas )50 ailato )3 Wb oty ol ulply e s
§ aSslr sy gblis J 539 355 Capio 5 slee
ol sl i caby el g ol Slis
Oee) Contin 3 b badye (o pde lalidl dloo Sl i)
Comwlus il dpd Cundigyd Copde ;3 pl8 plgl Ll
ashy ol 4 pimeh cnl 3 o ol o By 4 ddlais
2 St b (¢ piCamluns 5l (008) AL Sy dags 0D
5 ke 2 b S GIS aly  adlas 550 adate

Ol Cundigyd clylad ials

(sie ) pdaw e gl eadsddly) o jlailiul olsl y
Godag b oS E o aib o g0l Ju e
sy pAS (kg j9dS 53 Laodld Codgage Cundy
aid o led g)lde dgng YL cdd b (02959 slaodly &
& 3 e e s Ji iia oubans
5 Kby o laicds Wlodged o)lil jsShe Jao o)
ohlen g lo)ls «(pjalipe; las s 5> (V) coleuid
5 by B Gl en 2 (M)
9 Piome) rbicasls adl ags  (VF) ohlses
i) ol Jewily s 3 (V) ohlSen 5 (ol
Slodges oy ol €dd 500 84 1y o958l b,
Sodg )3 Qlpieds (o) Comti b Colu (L))
bow Ol @l glpte (ool @l lpyasby &


http://dx.doi.org/10.52547/jwmr.12.23.75
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.7.2
http://jwmr.sanru.ac.ir/article-1-1002-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22516174.1400.12.23.7.2 ]

[ DOI: 10.52547/jwmr.12.23.75 ]

AY

© ® N o

11.
12.

13.

14.
15.
16.

17.

18.
19.

20.
21.

22,
23.
24,
25.

Sl (siome g (ol oy Lo jdsen ¢ ghazme diome

VEe e ol g 5l IYY oyl /om35l9y Jlo juul o) Ca e doliiimgly

&l
Abdollahi, S., H.R. Pourghasemi, G. Ghanbarian and R. Safaeian. 2018. Spatial Simulation and
Land-Subsidence Susceptibility Mapping Using Maximum Entropy Model. Journal of Watershed
Management Research, 10(20): 133-144.
Alesheikh, A.A., A. Ghorbanali and N. Nouri. 2007. Coastline change detection using remote
sensing. International Journal of Environmental Science and Technology, 4(1): 61-66.
Aobpaet, A., M.C. Cuenca, A. Hooper and I. Trisirisatawong. 2013. In SAR time-series analysis of
land subsidence in Bangkok, Thailand. International Journal of Remote Sensing, 34: 2969-2982.
Amiri, M., H.R. Pourghasemi, G.A. Ghanbariana and S.F. Afzali. 2019. Assessment of the
importance of gully erosion effective factors using Boruta algorithm and its spatial modeling and
mapping using three machine learning algorithms. Geoderma, 340: 55-69.
Arabameri, A., K. Rezaei, K. Shirani and M. Yamani. 2017. Identify Areas Susceptible to Landslides
using new Synthetic Method Shannon’s Entropy Index-Information Value (Case Study: Karoon
Sarkhon Watershed). Watershed Management Research, 9(17): 132-144.
Chen, C., S. Pei and J. Jiao. 2003. Land subsidence caused by groundwater exploitation in Suzhou
City, China. Hydrogeology Journal, 11(2): 275-287.
Elith, J., S. Phillips, T. Hastie, M. Dudik, Y. Chee and C. Yates. 2010. A statistical explanation of
MaxEnt for ecologists. Diversity and Distributions, 17(1): 43-57.
Galloway, D.L., D.R. Jones and S.E. Ingebritsen. 1999. Land subsidence in the United States. United
States Geological Survey Circular, 1182, 175 pp.
Gambolati, G., P. Gatto, and R.A. Freeze. 1974. Mathematical simulation of the subsidence of
Venice: 2. Results. Water Resources Research, 10: 563-577.

. Holzer., T.L. 1989. State and local response to damaging land subsidence in United States urban

areas. Engineering Geology, 27: 449-466.

Hu, R.L., Z.Q. Yue, L.C. Wang and S.J. Wang. 2004. Review on Current Status and Challenging
Issues of Land Subsidence in China. Engineering Geology, 76: 65-77.

Karimzadeh., S. 2016. Characterization of land subsidence in Tabriz basin (NW Iran) using InNSAR
and watershed analyses. Acta Geodaetica et Geophysica, 51(2): 181-195. DOI 10.1007/s40328-015-
0118-4.

Khorsandi, A. and M. Abdali. 2009. Sinkhole formation hazards, case study: Sinkholes hazard in
Hamadan Plain and Lar Valley of Iran; Proceeding of the 6th Euregeo Congress, Munich, Germany,
359-362 pp.

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).

Mirassi, S. and H. Rahnema. 2016. Analysis and evaluate the effective parameters on land
subsidence. Modares civil engineering journal, 16(1): 45-54 (In Persian).

Mohammady, M., H.R. Morady, H. Zeinivand and A.J.A.M. Temme. 2015. A Comparison of
Supervised, Unsupervised and Synthetic Land Use Classification Methods in the North of Iran.
International Journal of Environmental Science and Technology, 12(5): 1515-1526

Mohammady, M., H.R. Pourghasemi and M. Amiri. 2019. Assessment of land subsidence
susceptibility in Semnan plain (Iran): a comparison of support vector machine and weights of
evidence data mining algorithms. Natural Hazards, 99: 951-971.

Moore, 1.D., R.B. Grayson and A. Ladson. 1991. Digital terrain modeling: a review of hydrological,
geomorphological, and biological applications. Hydrological Process, 5: 3-30.

Naghibi, S.A., H.R. Pourghasemi, Z.S. Pourtaghie and A. Rezaei. 2015. Groundwater ganat potential
mapping using frequency ratio and Shannon's entropy models in the Moghan Watershed, Iran. Earth
Science Informatics, 8(1): 171-186.

Nefeslioglu, H.A., T.Y. Duman and S. Durmaz. 2008. Landslide susceptibility mapping for a part of
tectonic Kelkit Valley (Easten Black Sea Region of Turkey). Geomorphology, 94: 401-418.
Ortiz-Zamora, D. and A. Ortega-Guerrero. 2010. Evolution of long-term land subsidence near
Mexico City: review, field investigations, and predictive simulations. Water Resources Research, 46:
183-186.

Phillips, S., R. Anderson and R. Schapire. 2006. Maximum entropy modelling of species geographic
distributions. Ecological Modelling, 190: 231-259.

Pirouzi, A. and A. Eslami. 2017. Ground subsidence in plains around Tehran: site survey, records
compilation and analysis. International Journal of Geo-Engineering, 8(30): 1-21.

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.
Qin, H., C.B. Andrews, F. Tian, G. Cao, Y. Luo and J. Liu. 2018. Groundwater-pumping
optimization for land-subsidence control in Beijing plain, China. Hydrogeology Journal, 26: 1061-
1081.


https://www.springer.com/earth+sciences+and+geography/engineering+geology/journal/40703
http://dx.doi.org/10.52547/jwmr.12.23.75
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.7.2
http://jwmr.sanru.ac.ir/article-1-1002-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22516174.1400.12.23.7.2 ]

[ DOI: 10.52547/jwmr.12.23.75 ]

AY

26.

27.

28.
29.

30.

31.
32.
33.

34.
35.
36.
37.

el (oo g (ool Loy gdade doe

2955 Jto 5l 03l b jliows Cudd )3 (e Commiiig b (6 placamlus obj)l

Qu, F.F., Z. Lu, Q. Zhang, G.W. Bawden, JW. Kim, C.Y. Zhao and W. Qu. 2015. Mapping ground
deformation over Houston- Galveston, Texas using multi-temporal INSAR. Remote Sensing of
Environment, 169: 290-306.

Ramakrishna, D., M.K. Ghose, R. Vinu Chandra and A. Jeyaram. 2005. Probabilistic techniques, GIS
and remote sensing in landslide hazard mitigation: a case study from Sikkim Himalayas, India.
Geocarto International, 20(4): 53-58.

Santos, S.M., J.J.S.P. Cabral and 1.D.S. Pontes Filho. 2012. Monitoring of soil subsidence in urban
and coastal areas due to groundwater overexploitation using GPS. Natural Hazards, 64: 421-439.
Sharma, L.P., P. Nilanchal, M.K. Ghose and P. Debnath. 2010. Influence of Shannon's entropy on
landslide-causing parameters for vulnerability study and zonation-a case study in Sikkim, India.
Arabian Journal of Geoscience, 5(3): 421-431.

Shi, X.Q., J.C. Wu, S.J. Ye, Y. Zhang, Y.Q. Xue, Z.X. Wei, Q.F. Li and J. Yu. 2008. Regional land
subsidence simulation in Su-xi-Chang area and Shanghai City, China. Engineering Geology, 100(1):
27-42.

Suganthi, S., L. Elango and S.K. Subramanian. 2017. Microwave D-InSAR technique for assessment
of land subsidence in Kolkata city, India. Arabian Journal of Geoscience, 10(458): 1-10.

Wilson, W.L. and B.F. Beck. 1992. Hydrogeologic factors in affecting new sinkhole development in
the Orlando area, Florida. Ground Water, 30(6): 918-930.

Xu, Y.S., Y. Yuan, S.L. Shen, Z.Y. Yin, H.N. Wu and L. Ma. 2015. Investigation into subsidence
hazards due to groundwater pumping from aquifer Il in Changzhou, China. Natural Hazards, 78(1):
281-296.

Xue, Y.Q., Y. Zhang, S.J. Ye, J.C. Wu and Q.F. Li. 2005. Land subsidence in China. Environmental
Geology, 48(6): 713-720.

Ye, S., Y. Xue, J. Wu, X. Yan and J. Yu. 2016. Progression and mitigation of land subsidence in
China. Hydrogeology Journal, 24: 685-693.

Yesilnacar, E.K. 2005. The application of computational intelligence to landslide susceptibility
mapping in Turkey. PhD Thesis, Department of Geomatics the University of Melbourne, p. 423.
Yufeng, S. and J. Fengxiang. 2009. Landslide stability analysis based on generalized information
entropy. International Conference on Environmental Science and Information Application
Technology, 83-85.


http://dx.doi.org/10.52547/jwmr.12.23.75
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.7.2
http://jwmr.sanru.ac.ir/article-1-1002-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22516174.1400.12.23.7.2 ]

[ DOI: 10.52547/jwmr.12.23.75 ]

Journal of Watershed Management Research, Vol. 12, No. 23, Spring and Summer 2021 ..........ccoeiuiiiiniiniiiinininieene. 85

Investigation of Subsidence Susceptibility in the Semnan Plain Using Entropy
Model

Majid Mohammady*, Hamid Reza Pourghasemi® and Mojtaba Amiri®

1- Assistant Professor, Faculty of Natural Resources, Semnan University, Semnan, Iran,
(Corresponding author: majid.mohammady@semnan.ac.ir)
2- Associate Professor, Faculty of Agriculture, Shiraz University
3- Assistant Professor, Faculty of Natural Resources, Semnan University, Semnan, Iran
Received: March 12, 2019 Accepted: December 3, 2020

Abstract
Land subsidence is a geo hazard that leads to slow or rapid decrease of ground level. Land

subsidence presents a constant threat to the safety of surface infrastructures such as motorways,
railways, power lines, and telecommunication cables. Arid and semi-arid countries like Iran are
very susceptible to land subsidence phenomenon. Land subsidence has occurred in more of 300
plains of Iran, and Semnan Plain is one of the most important areas that face to this
phenomenon. The purpose of this research was land subsidence susceptibility assessment using
entropy model. In the first step, acquiring information about sixty-five land subsidence in the
past was done. Twelve conditioning factors from different basic layers including topography,
geology, land use, and ground water table were considered for modeling aims. The receiver
operating characteristic (ROC) curve and area under the curve (AUC) were used to assess
accuracy of the Entropy model. The AUC for the entropy model was 0.715 that showed this
model is acceptable for land subsidence susceptibility mapping in the Semnan Plain. Results of
this research can help to policy makers and planners for environment and urban management
and planning.
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