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Figure 1- Geographical location of the study area in the Hormozgan Province and Iran.
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climatic and hydrological factors- Water resources
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Application of GLM machine
learning model
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Spatial modeling of land subsidence

Performance evaluation
of subsidence prediction
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subsidence maps
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Figure 2- Research flowchart.
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Table 1- Database preparation for the studied area.

data type Variable

Spatial accuracy Source of supply

and scale
Topographic Humidity Index (TWI)
Topographic Position Index (TPI)
Waterway Strength Index (SPI)
Data extracted from DEM Slope Length Index (L.S) 10 meters The writers
Slope Map (S)
Curvature map
Plan Curvature Map (PC)
Profile curvature map (PCr)
Data extracted from Download from the site
. NDVI index 10 meters www.Earth
satellite images
Explorer.usgs.gov
Climate data precipitation 10 meters Download from_ the site
www.worldclim.org
. Distance from pumping wells
Water resources available Groundwater level 10 meters The writers
in the area
groundwater drawdown
Distance from the river
River density
Distance f_rom §ettlements and 10 meters The writers
residential areas
Data extracted from maps Distance from roads and paths
Distance from the fault
Geology 1/250000 Geological Organization
land use 1/25000 Natural Resources and
Vegetation 1/100000 Watershed Organization
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Figure 5- Land subsidence hazard map predicted by the GLM model.
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Table 2- Results of the Area Under the Curve.

Data Area Std. Error* Asymptotic Sig.” Asymptotic 95% Confidence Interval

Lower Bound Upper Bound
Test 0.999 0.001 0.000 0.998 1.000
Train 0.991 0.005 0.000 0.982 1.000

a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5



Sensitivity

U- /’%T‘ﬂ‘kﬁ
- '

ROC Curve

s

[=]
@
1

0.4

oo T T T T
00 02 04 06 08 1.0

1 - Specificity
Test

v 01 2 P50 S Jole g Cunmiiig b s 4y axiume bl (oLl

ROC Curve

10
0589
06
£
>
k=]
w
c
L]
w
0.4
029
00 T T T T
00 02 04 08 [1F:]

1 - Specificity
Train

ROC s -7 S
Figure 6- ROC curve.

S 5 ols Gl ol sl s ol ol
Sz slaie) lp ax s Saiig
Gl St dos g S 3ble sl Kz ojga
L Kz 050,058 SO 0529 0 (958 cddlain (] jo
3OS VAUVA sga cobus a5 (69,5 150 oL
ashic 0 QB 65 w08 e p oo 1) cle
ol oaslive (yrizmed 05 (Ll 5 (53l slacre)
PS5 Gl 9 Cewdigd s Gl alal, o
50 Cawldgyd blas Cdel oS IShay 0 palins
LS Gidg Sl by cl solop, K mlaw
a8l ool Conl @Bl iol38l 50 ey Caniidg B las
iy B ylas oy 6,15 £95 Al BaS a0l
6[&6}0'5 aQ .]49)),4 NDVI SJL)\)‘ UJW Oy
sl cpl g Ko oo, g 2l s),elaS
Sooly dwsas ueip; ol adss i ke
G ggog0 (nl g g )5l 5o (610 po
w35 Lol slaanl 51 S ol dg0une «puimad
Slezel (699,9 b sabiel arindS jo cbs soS
SloSis ol Jdody 4idS ans g0 ;0 ofgd

Cuniigyb jlas 80355 )lew Gd o (rud oo
Cforest Jowo b (yo

Gojlal ey Gty d Sl ke slayeaie
ol e sl aslb gueS gl as D9l oo
B8 59,4 Joo 5l (o Coeal nd sl A9
oo e 5l S a5 Cforest olas JSoo
oo blsee 50isS oo (sl pitte Coodl asd (5l
g i 215 a3l Jaw ol eolaul Ko Lo
2 oop bJae 00 b awlie o ol xS slhs
e dw oJae pl 5l edel Cawsas mls el
ol cdl g iy ol mhaw ey )8
gy pS15 iog b pdie G Sees o A (o)
Fpe Sloyiie el o5 55 SPI a3y
..\405; odnde]llae ddlais B Ws)ﬁ )Ja.‘> »

12- Leanth Slope



VFoF 5l VPA oaly 5yleis o 6 led YA 60
ouds aihie 15 (einy ol @l 5l 6l o
‘O—AM .w‘ R Lji? éojm )b - .9)3

S re) 03gdme ;0 oy cpl olas 5l Slaaslas

d/'{rir‘ﬁ‘;‘,‘;}

S e wnl 2 opsBdl b el caba
o8l 4 e (£lg (65)5laS A (2 e Loy
o b i oo 53 lesal a8 ol 5l o
szl ced US55 050 S e dilate glags )8
039 4 a0l caw a5 og oal el
sy 4 yzie plnilyw g Wb RalS Sada Ko

1 1
landuse
Grand_water_level
GW drawdown
DEM
NDVI —*
Village_distance EE—
Geology e
Soil ———*
Fult_distance EE—
River_distance —
Road_distance I
River_line_density *
Stream_Power_index *
T T

0.00 0.02 0.04

T T T T
0.06 0.08 0.10 0.12

Importance

Cforest Jowo jl oolisiw! b caniigyd yhs p 550 old puttio (oo Comod| - ST
Figure 7- The relative importance of variables affecting subsidence risk using the Cforest model.

b Gegh cnl diwly cnl o ol 6500 5 oY
Canmeiiig 9 slas &y datas bli (sl g (o) So0
Sl He ey ol p SR sbble olulil
GolS bl o o] s b o all gjlediss,S
by sl dlewstr onay Gl slossly
e oo 5l ool oL latl gl (5,0 po s
dilaie jo Aol &g Holaiedy o) Cawiigyd Hlas
G5 g0 ALE (puised D Al oddbdnlas
slaosls (5 slaex g (Slae slosusil b cunisy 3
oS )T lagme po Cunig )b (59515 b (p09 4 bogiye
L N S T s
5 S Gloyste le Al (Canitigd suS s

Looliun 9 a5 Az
5 150 53 e Ceitig B yhas idSS ladle
9 KT el il il 5502 Ol eiagss Ol
Sl Bl 5l S 0 S olus oudy ol slaaaly
oalie J"Le Db UL*M Cls ale ulf)‘)‘“’
&S ol slaciss 300 &Sl lp o)nlyl el
o bl ol 4y aiies 16 oy gl oo mlie
)in;\f@éﬁ‘))‘)‘\sgﬁiwi}‘gdjwm
BN AU AP ORI S JONRSE
5 &59taS s 5l e e Jlwl poe slazids
ool (69,5550 Sz olBoy3d S5 gyl
Sliwly )0 (Vshuo ($92 429 el oadosaliv

aalaie Q—.'.‘ O oy Q—.'.‘ )fd‘)'.’.ﬁ Lstb\.).an u...mlf



‘;/!%T‘ﬂ‘k;}’

Slool> 5l =g, (20l wiedgr sla,glS Coas
Cowdty @l bl g 09d 3gaome 5 il 3929
ol Ol Kamgs 05,8 dlwgar (Slare w35l 5l enal
Ol (0 Slagme) o 45 WD (et eyl
Sy Sl s S oS, K
P g sl JLS 5 Slnl HnS slaass
g ol oadplonil (Sgilli e Bpai g J20 Dlhgzoge
S5o9tS slagms 5l glaaily b (S0 yo (o>
oddod S (I olFe > ol 4 oy ol b
st dedar g JBo cpl polas Layli o oS ol
ooy oanl o AKm ool o Caniisg
Lo 5l iz slaaiss 5 2l aalys l33l

FUCINCTAPES VIS PY WIRWESREES
Gy b sl Gl S 5 e LS
IS oS Sgteme 5 Byl oasasillas dilaie
Silpiso,S Cubs bauS 4 dss oy, Lol sleasly
a3 iy sga> 5l a5 (Jew)by (liuwy, Spglone 5o
sl wbw ol Jdo cwl eS8 b i
slabing; 5 FoSme bl 5l Cbli> 5 (g5,5la8
&l g ddew gty OOl il 5o ddlats o)l
ans 93 ;5 Jodo cnl 4ol OMows s i
Cubs Gyl L@y, ol il boansndS
Golopope wada JSes o ilbigs S
Gl a8l ralS ol ol 4 (699,95 00l
ol el sad lasul wad 8l g il 40 g
2 Seiis Gl ol gla ks 5l (o gase
olS o5l oty eyl e ondsasdllas dilate
odgame ;o ] o)bgd bl Sl o4 g 89,
CewdVl 5o 0l oo Slpin e )by slivg,
Slles ol el s el b,
Oyl L35 jshaieds (Db (5y) (s lo5]
S92y Jdod uizmen gh el (gilidige S
Sby cedyb g adlate ;o 5,093ty 5l laaisS
Ioosdee Sldny deaiss cullanul gl
Slr o sboaiss Koo 5 Ll asile plaaiss
SRS G 5l 09D eolitlul Cenii)d lee g LunlS
3 SogkaS ooy 35,5 5l dgdse Sl

v ol 2 P30 b ole g Cominigyd s 4 i Gblu (ol

G50k o dlwgay Cunciig (058 b og LS
2 Smoie Joe 29 b w2 GLM sl
=V @Sk St Jeld caiis B jlas 4l O
S IA) Sl [F=+17) Lawgie (- IY=+/F) oS o+
JSsay g 0l samail (A-Y) ol LS g (417
GLM Jow o ,Shee ol &l Conciiigd jas aids
Sobae osliinl b Cuntig b Jlas St slp
s AUC soue &5lul o b5l ROC s p)
Cawddy +[A9 sae STy goie pj Colus lea b
bt 15 GLM Jue Je s Shee Sy a5 wal
b oo CLM ooy Joo g 09 iy b blis
Slly o Glsie a5 ws asls oy TS
e sbasly als jshieay ol slac led
s elel 5 05 gl e, of Sl o,bbe )
Sas @ canles Joe ol 5l sael cassa
aibhio 350 b 0 ey Cendig?
2 Kz el sl g shleS slag p)5)
oL g ok ks (2l g o=l)y slagee; &gl
dhio ;0 od Cuenl @S el g
A B e lajrie (nine condasillas
ey S Jeld (ol psite duw e Canniiig B
gy eainy 2l g einy ol gl
WD Byme e (p Sleedl b lsicds ey (60,8
Gl Casi @l Glyml als o Jds g
ot Joe oS bl gl og Slog gsleS
3 Cewddgyd oy dlas, a5 ol i GLM
A gleaib)  (LLos ghelaS b gp)S
e R 4 Ol Cel dtwgn (L g by LS
2 i w2l abe Sl e plssar oLl
5 $39taS ooy SaS ) whaw (Rl Bl b,
25 oLl ey Ceniiig b Gl gl 5 Ll
ol gl ilopore » dgboe Sty cycnl)
9 95 Sy Ol oadaslllas dilate e
Serge Slaoly (SO 5 jix Slex w45y
Ol Eo9e ol pglas Lalyl jo s 0eh (g loses
Daday geiny @l ek g Gl o bl
L oogbise Slpiiny Guizmen (2L walss als



odls ay o yiwd

Sl b oeimgh ol jo cadoslaiul guls g aosls
dals 18 Cblre L3 o Jotus doinsi L
O 4

OB S i o5 Lo

O deosls Jolo haghy ¢l 58le 5 gl S ss
I AN | R L TS A W E P PR SO
Tob ne (silopsede

Oyl gl plonil ipga sdiun g

oegi el i ez Baren s

g% plnil ey Sai g

Amighpey M, Arabi S. 2023. Study of land
subsidence  status due to uncontrolled
groundwater  extraction in  Iran  using
comprehensive subsidence map of the country.
Iranian Water Resources Research.19(5):145-
156.
https://doi.org/10.22034/iwrr.2023.186215

Arabameri A, Rezaie F, Pal SC, Cerda A,
Saha A, Chakrabortty R, Lee S. 2021.
Modelling of piping collapses and gully headcut
landforms: Evaluating topographic variables
from different types of DEM. Geoscience
Frontiers. 12(6): 101230.
https://doi.org/10.1016/j.gsf.2021.101230

Bates RL, Jackson JA. 1980. Glossary of
Geology (Second edition): Falls Church,
Virginia. American Geological Institute. 749 p.

Fiaschi S, Tessitore S, Boni R, Di Martire D,
Achilli V, Borgstrom S, Calcaterra D. 2017.
From ERS-1/2 to Sentinel-1: Two decades of
subsidence monitored through A-DInSAR
techniques in the Ravenna area (Italy).
GIScience and Remote Sensing. 54(3): 305-328.
https://doi.org/10.1080/15481603.2016.1269404

Friston KJ, Penny W, Phillips C, Kiebel S,
Hinton G, Ashburner J. 2002. Classical and
Bayesian inference in neuroimaging: theory.
Neuro Image. 16(2): 465-483.
https://doi.org/10.1006/nimg.2002.1090.

5/'{‘%7‘}1‘};}}

SrSolz 60,5 390 Sz aaly 5o ofiser adlate
59 Pl odssy Gl Sl ©F 55505 5 09
odddnlllas dilaie ;o Caudds,d oduay iuljsl am s
S iegh 5 d9b o0 iy (uizrer WS90
Olegel cod ale) Ko e oy 51 cay]
Cadigd p oS (of g (oejn 2l Ol e

S oolaiwl (g3lw Jaw pl5 50 05,135 31 ddlais

&1 ol

Q-.’.‘ Lg‘;?‘ L wLo.?' LS‘J? Qlfj'.a).b olKasls )’|
Dl e ST gy

O N gdlin 3L

5L aisT e 45 5l oo pMlel allie pl oty s
ol i g s jlacdl g ()5 slusly jo (edl

Llad e gt

&l o 548
Gorriz JM, Martin-Clemente R, Puntonet CG,
Ortiz A, Ramirez J, Suckling J. 2022. A
hypothesis-driven method based on machine
learning for neuroimaging data analysis.
Neurocomputing. 510:159-171.
https://doi.org/10.1016/j.neucom.2022.09.001

Hasibuan HS, Tambunan RP, Rukmana D,
Permana CT, Elizandri BN, Putra GAY, Ristya
Y. 2023. Policymaking and the spatial
characteristics of land subsidence in North
Jakarta. City and Environment Interactions.
Volume 18, April 2023, 100103.
https://doi.org/10.1016/j.cacint.2023.100103

Hastie T, Tibshirani R, Friedman J, Hastie T,
Tibshirani R, Friedman J. 2009. The elements of
statistical learning: Data mining, inference, and
prediction, Random forests. Springer Series in
Statistics. pp. 587-604.

Hothorn T, Hornik K, Zeileis A. 2006.
Unbiased recursive partitioning: A conditional
inference framework. Journal of Computational
and Graphical Statistics. 15(3): 651-674.
https://doi.org/10.1198/106186006X133933

Jeanne P, Farr Tom G, Rutgvist J, Vasco D.
2019. Role of agricultural activity on land
subsidence in the San Joaquin Valley,
California. Journal of Hydrology. 569: 462-469.
https://doi.org/10.1016/j.jhydrol.2018.11.077

Lee S, Park I, Choi JK. 2012. Spatial
prediction of ground subsidence susceptibility


https://doi.org/10.1016/j.neucom.2022.09.001
https://doi.org/10.1016/j.cacint.2023.100103

‘;/!%T‘ﬂ‘k;}’

using an artificial neural network.
Environmental Management. 49 (2): 347-358.
https://doi.org/10.1007/s00267-011-9766-5
Madani K, AghaKouchak A, Mirchi A. 2016.
Iran’s socio-economic drought: Challenges of a
water-bankrupt nation. Iranian Studies. 49(6):
997-1016.
https://doi.org/10.1080/00210862.2016.1259286
Mallik S, Das S, Chakraborty A, Mishra U,
Talukdar S, Bera S, Ramana GV. 2023.
Prediction of non-carcinogenic health risk using
Hybrid  Monte  Carlo-machine  learning
approach. Human and Ecological Risk
Assessment: An International Journal. 29(3-4):
777-800.
DOI:10.1080/10807039.2023.2188417
Motlagh ZK, Derakhshani R, Sayadi MH.
2023. Groundwater vulnerability assessment in
central Iran: Integration of GIS-based
DRASTIC model and a machine learning
approach.  Groundwater  for  Sustainable
Development.23(1):101037.
https://doi.org/10.1016/j.9sd.2023.101037
Nikita E. 2014. The use of generalized linear
models and generalized estimating equations in
bioarchaeological studies. American Journal of
Physical Anthropology. 153(3):473-483.
https://doi.org/10.1002/ajpa.22448
Park I, Choi J, Lee MJ, Lee S. 2012.
Application of an adaptive neuro-fuzzy
inference system to ground subsidence hazard
mapping. Computers and Geosciences. 48: 228-
238. DOI:10.1016/j.cage0.2012.01.005
Qiao X, Chu T, Krell E, Tissot P, Holland S,
Ahmed M, Smilovsky D. 2024. Interpretation
and attribution of coastal land subsidence: An
INSAR and Machine Learning Perspective.
Institute of Electrical and Electronics Engineers.
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing. 17: 4768-
4783
https://doi.org/10.1109/JSTARS.2024.3361391
Rahmani P, Gholami H, Golzari S. 2024. An
interpretable deep learning model to map land

v ol 2 P30 b ole g Cominigyd s 4 i Gblu (ol

subsidence hazard. Environmental Science and
Pollution Research. pp.1-13.
https://doi.org/10.1007/s11356-024-32280-7

Sahu SR, Rawat KS. 2023. Analysis of land
subsidencein coastal and urban areas by using
various techniques-Literature Review.
Indonesian Journal of Geography. 55(3):
https://doi.org/10.22146/ijg.83675

Shirani K, Pasandi M, Ebrahimi B. 2021.
Assesment of land subsidence in the Najafabad
Plain of Isfahan using differential radar
interferometry (DINSAR) technique. Journal of
Water and Soil Science. 25 (1): 105-127.
https://doi.org/10.47176/jwss.25.1.147214

Su H, Xu T, Xion X, Tian A. 2024.
Enhancement of land subsidence prediction
capabilities using machine learning and SHAP
value analysis with Sentinel-1 InSAR Data.
Research Square.
https://doi.org/10.21203/rs.3.rs-3926697/v1

Sun M, Du Y, Liu Q, Feng G, Peng X, Liao
C. 2023. Understanding the Spatial-Temporal
Characteristics of Land Subsidence in Shenzhen
under Rapid Urbanization Based on MT-InSAR.
Institute of Electrical and Electronics Engineers,
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing.16:4153-
4166.
https://doi.org/10.1109/JSTARS.2023.3264652

Tzampoglou P, Loupasakis C. 2017. Updated
ground water piezometry data of the Amyntaio
Sub-Basin and their effect to the manifestation
of the Land Subsidence Phenomena. 11%
International Hydrogeological Congress of
Greece, Athens, Greece. pp. 4-6.

Waltham AC. 1989. Ground subsidence.
Chapman and Hall, New York. 202 p.

Xia R. 2009. Comparison of random forests
and Cforest: variable importance measures and
prediction accuracies. Utah State University,
Digital Commons@USU.
https://doi.org/10.26076/74bd-59e1


https://ui.adsabs.harvard.edu/link_gateway/2012CG.....48..228P/doi:10.1016/j.cageo.2012.01.005
https://doi.org/10.22146/ijg.83675

i
y\?,w e,
palbdn

ez

Watershed Management Research S35
)8
Fars Agricultural and Natural Resources ISSN: 2981- 2038 Agricultural Research, Education and

and Education Center Extension Organization

Identification of Areas Prone to Subsidence Risk and Factors affecting
it Using GLM and Cforest Models in the Kerdi Shirazi Plain

Razieh Seihani Parashkouh'*®, Hamid Gholami?®, Yahya Esmaeilpour:®Alireza
Kamali*@Maryam Zare Rashkoueh*

1- Ph.D. graduated in Watershed Science and Engineering (Water and Soil Protection), Department of
Natural Resources Engineering, Faculty of Agriculture and Natural Resource, University of Hormozgan,
Bandar Abbas, Iran
2- Professor, Department of Natural Resources Engineering, Faculty of Agriculture and Natural
Resources, University of Hormozgan, Bandar Abbas, Iran
3- Associate Professor, Department of Natural Resources Engineering, Faculty of Agriculture and Natural
Resources, University of Hormozgan, Bandar Abbas, Iran
4- Expert, Department of Natural Resources and Watershed Management of Hormozgan Province,
Bandar Abbas, Iran
5- Expert, Department of Regional Water Company of Hormozgan Province, Bandar Abbas, Iran

Extended Abstract

Introduction and Goal

Over the past few decades, subsidence has become a major problem on a global scale. Given the
increase in this phenomenon in the country, predicting and spatial modeling of land subsidence
and identifying areas prone to subsidence are essential to reduce the negative effects of this
environmental impacts. Given the threats and destructive effects of land subsidence on water
and soil resources, managing this phenomenon and prevent its spread is a key issue in the
sustainable development of the country. Subsidence studies is essential to gain insight, identify
research gaps, improve methodology, and ensure that new research contributes to the existing
knowledge base. In this regard, the Kerdi Shirazi Plain is of great importance due to the
presence of the Mourkerdi Forest Reserve, its biodiversity, and its agricultural status, and given
that subsidence is expanding in this region, identifying areas prone to subsidence risk is
essential to combat this phenomenon and reduce the damages caused by it. The main objective
of this study was to develop a spatial model for subsidence risk using GLM machine learning
model in the studied area. Therefore, in this study, for the first time, a machine learning model
is used to identify areas prone to land subsidence risk in the Kerdi Shirazi Plain. Also, the
contribution and relative importance of various factors controlling subsidence were
quantitatively determined using the Cforest machine model.
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Materials and Methods

In this study, to prepare a land subsidence risk map in the study area, a database related to the
factors controlling this phenomenon was first prepared. In this regard, the existing map of
subsidence in the area were prepared by conducting field visits and collection data related to the
presence or absence of subsidence in the ArcGIS software. After identifying the most important
factors controlling subsidence, the relationship between the effective variables and subsidence
points with and without it was examined using the GLM machine learning model. The output of
the prediction model (values 0 to 1) was classified into five subsidence risk classes including
very low risk (0 - 0.2), low (0.2 - 0.4), moderate (0.4 - 0.6), high (0.6 - 0.8) and very high (0.8 -
1) and presented as a subsidence risk map. The Cforest machine models is the best model for
determining the importance of variables controlling various hazards, especially subsidence. The
efficiency of this model is higher and its less error is lower compared to other models.
Therefore, the Cforest model was used to determine the relative importance of each of the
effective and restraining factors of this phenomenon.

Results and Discussion

The performance of the GLM model in predicting subsidence risk was evaluated using the area
under the AUC curve. The area under the ROC curve, was found to be 0.99. This data indicates
the excellent performance of the GLM model in identifying subsidence points. Based on the
results of this model, 2180 and 441 hectares of the total area were in the very low and low
subsidence sensitivity classes. On the other hand, 402, 447 and 1113 hectares of the total area
were in the moderate, high and very high subsidence sensitivity classes, respectively. Also,
24.3% of the total study area has a very high susceptibility to subsidence risk. The central parts
of the region with agricultural, horticultural and forest uses adjacent to agricultural and
horticultural lands, share a common aquifer, and the risk of land subsidence was very high.
Also, according to the results of the relative importance of variables, three main variables,
including land use, groundwater level, and groundwater drawdown were among the most
important variables controlling subsidence risk in the study area. The results of this study of
variables controlling the risk of land subsidence showed for the first time that this phenomenon
can be a serious threat to forest lands, especially forests in arid and semi-arid regions.
Conclusion and Suggestions

Based on the results obtained, the sensitivity to land subsidence risk in the central parts of the
region (agricultural and horticultural uses and forest use in the vicinity of agricultural and
horticultural lands) was very high and high. The results of the study of variables controlling the
risk of subsidence in the studied area showed that the reason for the increase in groundwater
exploitation was the development of agricultural and horticultural activities in the Kerdi Shirazi
plain. Therefore, in order to reduce the negative effects of land subsidence, it is recommended to
prevent activities that increase the exploitation of groundwater resources. It is also suggested
that watershed management activities (flood spreading) be carried out upstream of the studied
area in order to recharge the regional aquifer.
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