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Fig 3. Map of landslide conditioning factors in Karganeh Watershed.
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Table 1. Collinearity test between effective factors in landslides.
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Fig 4. Landslide hazard map with maximum entropy model of Karganeh watershed
Sl u"’% @ BL) LAJ..S.:._[ L;su;.'aﬁ Jbbﬁ POV ibe . . __:’____%—-—“"'
SHIVT dd gdoagy Gl At 5ol cawsie (oS (o5 L) : o ‘
MaxENT )‘Jj‘rf ja._.?u \JL«I;-‘ j.'S‘.,\? L;‘)J E) US u,g;-L,;‘, . | (.-’." I

sl o3 03 Gl s Jelse Ak DBl N
L eslaid MKJS ! | ,.fJ
dde g8 s, - W
o2 L Ol 1 ARl ke Gl sladde 26 i
S 3l petla cpl s sed ol (e 5 Slas aasin) ROC H-
(+/0 o) 6] dm Ky s b 355 s arulns ROC i L |
b o) S Lo S le 4 1 e (s 5 0155 /
ugiﬁjxfsdwmgﬁumﬁ.;ﬂb}wgﬁaw o‘I N T e
ezl ol 53 a8 gla JuSy 5 S sde vl 2l abinlus False positive 1
G a5 NS e sho e Sl Wl J= 5l zeS s
LL &S bl 5 Ll o i Caps S b JuSy s I ey dda i s
Fig 5. ROC curve and AUC value calculated to validation

‘5‘}.3 e..\.is\.rw\,u AUC )‘.\.3.0 K) ROC ) -0 Jg.i

| Maximum likelihood of the maximum entropy model

VEY o —1€ 2 loud —eped Jlw oA Ol 8yl (omotie g pole


http://jwmsei.ir/article-1-1129-fa.html

[ Downloaded from jwmsei.ir on 2026-01-29 ]

SR 55 2 S S Jole g e Sl 4l Jo
sl &l (V) IS 55 o8 A eslinad W8S 5ol o) o
A wn e B el e Sl Juols s o
S P N B N R VR PO RSN Lg% L PP
S yetls Gl gl 4 a5 bodas 0 0L oo ) wly Jde
S5 olseal jaxls it (B (8 (el
S G Gl bl e ot g 5 b Jsb (TR

s

S 5 domd 9 Sy
PO Dl s Gble gLl &Sl 4 a5 L
oelie 33 5 el S Sl s e gla i, el
Wile ople (6,S3k st Uiy 3 ealiiel w155
Rl s B s s Y el s ST et s
oA s et g pskea s opl ) G cnl s s
3w b ad aw andllas opl 53 dd eslizad S8 S sl o) o
oslizul 558 e Gl (slaig 5 sheas Ll se 5l (glos 28
Bl 2 s plsl 5 b8 Ol ol falge opl gl
vl Jde bl s calzee gladie a3
SIS 55 oyl parli 5 ot (LS) ot Uk Jelse (5
aallans g0 5ol 53 B30 g 535 00 Jlse 5 2 3(TR)
Glaals (slag bl s 108 5b gla el )b 51 SO iteen
Ml 03 L e B ek Olie (IS5 sba 358 0 o s
St Sder 5 S agly daals 53 O 358 O goen
3 s B (G55 p Slais 5l gk V] 5,108
Sl prman [F0] Wlaxdls 48T o 254 mes 55, 2 OF LU

ROC I3 505 5315 0T Ol 5 o0 45 355 o0 aseie Llodd o e
G50 bla wlid us as Lol olas dhit o pe 4
(o ROC e bl ol Jlal b 5 Wsd o yeskis
.[\A]wl&mdﬁlﬁ)c}awl{ﬁ\ﬁ ROC jaxls 553

oW

andllas 5 5o adats lafisad e S5 4000

Lo 205 A0 b ad s hpaliees (ST 428 Y IS
Aas e LA

(ME) g5 51 diades Jha b 4 g 5580 ey Jlas s -

ity Jo Sl eslinad b A58 Sl 428 4 Sl
& Sl Do 4y (S NS Sl eslinal b abol 228 ¢ g5 5T
Ad gkl sl b 5ol e oS oS e OIS
AQESERESTE 2 -

ROC asls i eslinl b Jus s,8 b5l -
wode dde leslanal b sl e Gl 28 4 51
}:;. )lS u.itj))) Y ))laum LA Lf’tf-))‘ de LS’-‘)LS c&:‘}ﬂi
) A AJLG..:...»‘ J.LA @LD g_}"L.’.J)‘ JJJGMMAUROC)\M L AJL.:‘
U‘i‘ 2 L sl JJ.A W)LJ.G‘ )}Ja.aﬁb oJJL«.:;L. Loy Yo E)

P g9 2 I8 BT Gl e e -
Olpeas ddo pl Slars = 5l e (g Sl Sl sy

Factor importance analysis : MaxLikelihood -- Based on Train X
Kappa Value
; Aspect
Precipitation Cance'
Curvature
Elevation
Distance from fault
Geology
Land use
LS Index
Distance from river
Distance from road
Slope
SPI Index
TPI Index _
TRI Index Only this factor
TWIIndex _
Village i .
VRM L Without this factor
[P
1 ‘With all factors

M G Gl eyl o Fete s S LIS as il gel 5l Jols s 1 S
Fig 6. The results of the Kappa index diagram to determine the most important influencing parameters

VELT )l —1E 0 )lowd — ez Jluw

04

Ol Sl (owsiaen 9 ook


http://jwmsei.ir/article-1-1129-fa.html

[ Downloaded from jwmsei.ir on 2026-01-29 ]

ot 5 Sluang 5 Je o L el 5l S el e
Ol 55 o el S8 S 550l o) 4 55 Japd e Jast datews bl
e spdeul Ul Js w sl andin Jde S cuS
(bt et s B edemy s e 3 s 8T ety
Doy Camlas glyls Gble s 55 YL Gy 5 Ce
20k yeomen 5 SUSS! 5 e s 25eS w e g LS s
K155 e Jde l 3 eslinal (gulem slls bl sLulis 055
oo a3l Ko Oliies 35 ap S 15 53 Kl Ol s
OLas 5 (oal5 S (YV] LK 5 eslieay 27 0L
st Oladlae 53 55 [PY] SLL 5[N] 0L 5 b ([Yo]
PG5 gy el (gmh 53 dde 0l VL UL
Ol e a5 by OLLS piomen Guiod gl CJL:J Ly S usSt
s e g 5lade gl oS Sl snl 3,80 55 G g5 0]
Jsins 3 VL Coms oS (glaids S0 o ol 68 S sl o5 s
@l iAo ¢ 58 YL b b bl S8 5 olulis 5o
Cile ot b Gble B S ppedige 5 O1S endd 4
3 S P Gl el O Sl glaens BEIURYS C)fej
Sl S daaals g e S slaesle o 55
5 Sloslr 4 ann 5wl szl 4 Ko 5 el L )
Al o S LS e Saalel laasl

S Rl

SYA-0A-Y pan osled b gy b B s e oy
5 St bl ouSiags auis 5 oKaa Lot AT
b 3 Ol aboalis 5 ($355LES Slidos S 0 5 (5ol ]
ol oSen 1Ll s p’\] oA L Y RGNV PR - rl;;_’.l
Aules (Kol Sloses b gl ol o S s ST

OB s o Rl Sl

05 ool slas djf@a S W ls e 6)&&\ e ol 08 ks 5
NN PP T @ujqua“uﬁ:guuz,& g

Bodld 4w gwd

Loasle ook 3l s cpl 5o el eslan CL" 5 Lacsls
(s S el 3 Last] s J stees ol

S| LgEVIRPHLX g T

Clafdos plmil (gilapsgie S S el
e a5l s 515 bl sl 33l 5

o IS lie cusl 5 5l s olecaly C’fﬁhfb

Wl e il wsslie (Silupspte bl et
bl sl s

Ol glaalyssls des

= bd P (lp sete 1o S s )

VE ¥ o 1€ 5o —phaze Sl

ETIBE S ot a ot Oldlas s ] 0K
Gl o 2l L e Jole 55 ails aST 5
33 IS S I edipls oS ol a3l 1 58 e
Jole S el e el 1 s U sl
Siledde sl (g ge 81 S Sledbl Bld ) 5 lS 5 2
pdi (e PRI Sl
S o pasiie ole b 1y S5 5 8 Wl ol wsl ]
SAVL oy Jom OlF 3L i ol sk ar e Bl
S 5 odd 2l LS Rl B Ll b 4 ps )l
S5 Golseal (arla b bl js asd e i LS
i Ol Eoes £ b Latle ol bl ATRI)
5 S sdasolis Laxle cpl YU Ol S ol o
G5 5 Sment (Sl el amtps el S S5 58 Sl
Ol Geos pl ol oS5 2 pde AsAmes g8y Jal 2
ASJu‘eer.éLw“Sf)de‘j&NJwb&ASﬂJ
AL YL 8 S sl oj g g A e slds ¢35 Jlazx|
bl & VIF jTolerance PCA sla axli 3l oslazal L
Ll oo andllas ol A o8 SR ey 2 S3e Jelse on S
Byl b elidiopes Al W8S sl o3 anb bl
Jlss prmes 5 OSSO esS b)lseal
e L;:L“\.wj) Lgtkob 9 LSJ")G J.Mx.j Lole LS’L‘“"‘ eJ..S.bJ..:J
gaome 0o oS ooyl sy a e £8s Sl b el
J.Ld @L’b s8] . &L»L‘.J: anAb)}A aales BEREPEY q0
e Lolse 51 ael bl ple oS sls Ol 2] i
oS5 S g8 > e IS8 4 Sl Jelse
ax gy 2l aas 3 aS cas gladie Gl ces ol
eslituls g0 Ws Calises LG 3 Oliies Lo 5 5 a3 S50 3 (ool
S8 Ol 3 [YV] 6ol S 5 [YF] Lo sS ol a3 S 13
B ‘-5.’)..7- ejs BE [YY] Q\)K&A} V.:Sj uk:.i‘ BE [o] dl)KAA 9
oolel o iles S eslinal o 5T acin By 5l 355 Slalas
BLEW-Ree ck.« Colae Lo )5 00/8 Jda ol 5 sdal s es @Lﬁ
CA:M:L.\.} UA%)J M)JY\/-\ LVSJVSJL:}Q:MLM} U“'%
ool canlas (65l ades ch.w)'l Lo YA 5 Lo gt
ol 4&3;)‘} ‘JL.’.)
Cﬁ}ﬁb;ju}d)ma%%%)%d#
ol Ol s iz Lilails S8 S 5l o) o gla 58 a5
a v /VAL W)L:&‘ 4.1;-JA DL ROC u..a;—l.& J‘J)A_" ES) cﬁm

Ol ool (owsias 9 ool


http://jwmsei.ir/article-1-1129-fa.html

[ Downloaded from jwmsei.ir on 2026-01-29 ]

11. Gholami, M. Ghanavati, E and Ahmadabadi, A. 2019.
Landslide susceptibility mapping of Kan using index of Entropy
and LSM, quantitative geomorphological researches, 8(1): 16-33.
(In Persian).

12. Harmouzi, H. Nefeslioglu, H. A. Rouai, M. Sezer, E. A.
Dekayir, A and Gokceoglu, C. 2019. Landslide susceptibility
mapping of the Mediterranean coastal zone of Morocco between
Oued Laou and El Jebha using artificial neural networks (ANN).
Arabian Journal of Geosciences, 12(22), 1-18.

13. Hemasinghe, H. Rangali, R. S. Deshapriya, N. L and
Samarakoon, L. 2018. Landslide susceptibility mapping using
logistic regression model (a case study in Badulla District, Sri
Lanka). Procedia engineering, 212: 1046-1053.

14.. Heydari, N. Habibnejad, M. Kavian, A and Pourghasemi, H.
2020. Landslide Susceptibility Modelling Using the Random Forest
Machine Learning Algorithm in the Watershed of Rais-Ali Delvari
Reservoir, Whatershed Management Research, 33(126): 2-13. (In
Persian).

15. Hijazi, A and Ranjbarian Shadbad, M. 2013. Identification of
effective factors and zoning of landslide risk in the western part of
Serand Chai watershed, Quantitative Geomorphology Researches,
313): 114-129. (In Persian).

16. Hong, H. Pradhan, B. Xu, C and Bui, D. 2015. Spatial
prediction of landslide hazard at the Yihuang area (China) using
two-class kernel logistic regression, alternating decision tree and
support vector machines. Catena, 133: 266-281.

17. Karimi Sangchini, E. Arami, S. Rezaii Moghadam, H.
Khodabakhshi, Z and Jafari, R. 2014. Landslide Risk Assessment
for Baba Heydar Watershed, Chaharmahal and Bakhtiari Province,
Iran. Iranian journal of earth sciences, 6(2): 121-132.

18. Karimi Sangchini, E. Emami, S. Tahmasebipour, N.
Pourghasemi, H. Naghibi, S.A. Arami, S and Pradhan, B. 2016.
Assessment and comparison of combined bivariate and AHP
models with logistic regression for landslide susceptibility mapping
in the Chaharmahal-e-Bakhtiari Province, Iran.. arabian journal of
geosciences, 9 (201): 1-15.

19. Karimi Sangchini, E. Ownegh, M and Saddodin, A. 2012.
Comparing applicability of 4 quantitative and semi-quantitative
models in landslide hazard zonation in Chehel-Chay watershed,
Golestan province, Water and Soil Conservation, 19(1): 183-194.
(In Persian).

20. Karimi Sangchini, E. Salehpour Jam, A and Mosaftaie, J.
2022. Flood risk management in Khorramabad watershed using the

DPSIR framework. Natural Hazards, 122 (1): 3101-3121.

VE ¥ o 1€ 5o —phaze Sl

1)

ooliiul 350 b

1. Abedini, M. Ghasemyan, B. and Rezaei Mogaddam, M. H.
2017. Landslide susceptibility mapping in Bijar city, Kurdistan
Province, Iran: a comparative study by logistic regression and AHP
models. Environmental Earth Sciences, 76(8): 1-14.

2. Afifi, M. 2021. Spatial analysis of landslide risk with emphasis
on geomorphological factors using stochastic forest model
(Case study: Larestan city in Fars province). Journal of Physical
Geography, 14(51): 39-53. (In Persian).

3. Arab Ameri, A. R. Rezaei, K. Yamani, M and Shirani, K. 2018.
Landslide spatial modeling: performance assessment of integrated
model of data driven EBF model and knowledge driven AHP model
(Case study: ferydoun shahr watershed). Journal of Water and Soil
Conservation, 25(5): 47-67. (In Persian).

4. Azimpour Moghadam, V. 2014. Landslide risk zoning using
Bayesian and Dempster-Schiffer theory (case study: a part of
Babelrud watershed). Master's thesis. Faculty of Agricultural
Sciences and Natural Resources. University of Sari, (In Persian).

5. Convertino, M. Troccoli, A and Catani F. 2013. Detecting
fingerprints of landslide drivers: a MaxEnt model. Journal of
Geophysical Research: Earth Surface, 118(3): 1367-1386.

6. Emadodin, S. Taheri, V. Ghasemi, M and Nazari, Z. 2021.
Landslide Susceptibility Zonation applying frequency ratio
models and statistical index in in Oghan watershed, quantitative
geomorphological researches, 9(4): 75-95. (In Persian).

7. Emami, S. N. Karimi Sangchini, E. Shariat Jafari, M.
Rezazadeh, F and Raeisi, H.A. 2015. Selection of the best statistical
model for hazard zonation and assessment of landslide risk (Case
study:
Research Journal, 28(4): 62-73. (In Persian).

Doab Samsami Watershed). Watershed Management

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

9. Esfandiary Darabad, F. Rahimi, M. Navidfar, A and Mehrvarz,
A. 2020. Assessment of landslide sensitivity by neural network
method and Vector machine algorithm (Case study: Heyran Road
-Ardebil province), quantitative geomorphological researches,
9(3): 18-33. (In Persian).

10. Ghiasi, S. S. Rajabzadeh, F. Najirda, S. Feiznia, S and
Nazari Samani, A. 2017. A determination of effective factors on
shallow landslide occurrence in Khiov-Chai watershed. Watershed

Engineering and Management, 9(2): 140-154. (In Persian).

Ol ool (owsias 9 ool


http://jwmsei.ir/article-1-1129-fa.html

[ Downloaded from jwmsei.ir on 2026-01-29 ]

Garhwal Himalaya. Geocarto International, 35(2): 168-187.

32. Park, N. W. 2015. Using maximum entropy modeling for
landslide susceptibility mapping with multiple geoenvironmental
data sets. Environmental Earth Sciences, 73(3): 937-949.

33. Peng, L. Niu, R. Huang, B. Wu, X. Zhao, Y and Ye, R. 2014.
Landslide susceptibility mapping based on rough set theory and
support vector machines: A case of the Three Gorges area, China.
Geomorphology, 204: 287-301.

34. Pham, B. T. Pradhan, B. Bui, D. T. Prakash, I and Dholakia,
M. B. 2016. A comparative study of different machine learning
methods for landslide susceptibility assessment: A case study of
Uttarakhand area (India). Environmental Modelling & Software,
84:240-250.

35. Pourghasemi, H. R and Rahmati, O. 2018. Prediction of the
landslide susceptibility: Which algorithm, which precision? Catena,
162: 177-192.

36. Rahmati, O. Kornejady, A. Samadi, M. Nobre, A. D and
Melesse, A. M. 2018. Development of an automated GIS tool for
reproducing the HAND terrain model. Environmental modelling &
software, 102: 1-12.

37. Rajabzadeh, F. ghiasi, S and Rahmati, O. 2019. The
performance of the maximum entropy algorithm and geographic
information system in shallow landslide susceptibility assessment,
Journal of Water and Soil Resources Conservation, 8(2): 57-74. (In
Persian).

38. Sevgen, E. Kocaman, S. Nefeslioglu, H. A and Gokceoglu,
C. 2019. A novel performance assessment approach using
photogrammetric techniques for landslide susceptibility mapping
with logistic regression, ANN and random forest. Sensors, 19(18):
3940.

39. Shano, L. Raghuvanshi, T. K and Meten, M. 2021. Landslide
Hazard Zonation using Logistic Regression Model: The Case of
Shafe and Baso Catchments, Gamo Highland, Southern Ethiopia.
Geotechnical and Geological Engineering, 1-19.

40. Shirani, K. and Naderi Samani, R. 2022. Determination
of Effective factors and Assessment of Landslide Susceptibility
Using Random Forest and Artificial Neural Network in Doab
Samsami Region, Chaharmahal va Bakhtiari Province, Whatershed
Management Research, 35(134): 40-60. (In Persian).

41. Sun, D. Xu, J. Wen, H and Wang, D. 2021. Assessment of
landslide susceptibility mapping based on Bayesian hyperparameter
optimization: A comparison between logistic regression and random
forest. Engineering Geology, 281: 105972.

42. Talebi, T. Goudarzi, S and Pourghsemi, H. 2018. Investigation

VE ¥ o 1€ 5o —phaze Sl

A\

21. Kerekes, A. Poszet, S and Andrea, G. A. L. (2018). Landslide
susceptibility assessment using the maximum entropy model in a
sector of the Cluj—Napoca Municipality, Romania. Revista de
Geomorfologie, 20(1): 130-146.

22. Kim, H. G. Lee, D. K. Park, C. Kil, S. Son, Y and Park,
J. H. 2015. Evaluating landslide hazards using RCP 4.5 and 8.5
scenarios. Environmental earth sciences, 73(3): 1385-1400.

23. Koohpayma, A. 2016. Susceptibility Zoning, Landslide Risk
Assessment and Management (Case Study: Lethyan Watershed).
Ph.D. Thesis. Tehran University, Agriculture and Natural Resources
Campus, Faculty of Natural Resources. Tehran Iran. (In Persian).

24. Kornejady, A. Ownegh, M. Pourghasemi, H. Bahremand, A
and Motamedi, M. 2020. Landslide susceptibility prediction using
the coupled Mahalanobis distance and machine learning models
(case study: Owghan watershed, Golestan province), Journal of
Earth Science Researches, 11(42): 1-18. (In Persian).

25. Kornejady, A and Pourghasemi, H. 2019. Landslide
Susceptibility Assessment Using Data Mining Models, A case
study: Chehel-Chai Basin, Journal of Watershed Engineering and
Management, 11(1): 28-42. (In Persian).

26. Kornejady, A. Pourghasemi, H. R and Afzali, S. F. 2019.
Presentation of RFFR new ensemble model for landslide
susceptibility assessment in Iran. In Landslides: theory, practice
and modelling (pp. 123-143).

27. Kornejady, A. 2017. Assessing potential, danger, risk and
preparation of landslide strategic management plan for Oghan
watershed, Golestan province, Iran. Ph.D. Thesis. Gorgan
University of Agricultural Sciences and Natural Resources, Faculty
of Pasture and Watershed Management. Gorgan, Iran. (In Persian).

28. Lee, S. Hong, S. M and Jung, H. S. 2017. A support vector
machine for landslide susceptibility mapping in Gangwon Province,
Korea. Sustainability, 9(1), 48.

29. Mohammadnia, M and Fallah, G.H. 2018. Landslides
susceptibility mapping using fuzzy logic and AHP, Journal of
Applied Researches in Geographical Sciences, 18(48): 115-130.
(In Persian).

30. Mohammady, M and Pourghasemi, H. 2017. Prioritization
of Landslide-Conditioning Factors and its Landslide Susceptibility
Mapping using Random Forest New Algorithm (Case Study: A
Part of Golestan province), Journal of Watershed Management
Research, 8(15): 161-170. (In Persian).

31. Pandey, V. K. Pourghasemi, H. R and Sharma, M. C. 2020.
Landslide susceptibility mapping using maximum entropy and

support vector machine models along the Highway Corridor,

Ol ool (owsias 9 ool


http://jwmsei.ir/article-1-1129-fa.html

[ Downloaded from jwmsei.ir on 2026-01-29 ]

45.Yao, J. Qin, S. Qiao, S. Liu, X. and Chen, J. 2022. Application
of a two-step sampling strategy based on deep neural network for
landslide susceptibility mapping. Bulletin of Engineering Geology
and the Environment, 81(4): 1-20.

46. Zhao, L. Wu, X. Niu, R. Wang, Y and Zhang, K. 2020. Using
the rotation and random forest models of ensemble learning to
predict landslide susceptibility. Geomatics, Natural Hazards and
Risk, 11(1): 1542-1564.

47. Zhou, X. Wen, H. Zhang, Y. Xu, J. Zhang, W. 2021.
Landslide susceptibility mapping using hybrid random forest
with GeoDetector and RFE for factor optimization. Geoscience

Frontiers, 12(5): 101211.

VE ¥ o 1€ 5o —phaze Sl

1\

of the possibility of landslide hazard mapping using the Random
Forest algorithm (Case study: Sardarabad Watershed, Lorestan
Province), Journal of Natural environment hazards, 7(16): 45-64.
(In Persian).

43. Teimouri, M and Asadi Nalivan, O. 2020. Susceptibility
Zoning and Prioritization of the Factors Affecting Landslide Using
MaxEnt, Geographic Information System and Remote Sensing
Models (Case study: Lorestan Province), Hydrogeomorphology,
6(21): 155-179. (In Persian).

44. Tyagi, A. Tiwari, R. K and James, N. 2021. GIS-Based
Landslide Hazard Zonation and Risk Studies Using MCDM. In
Local Site Effects and Ground Failures (pp. 251-266). Springer,

Singapore.

Ol ool (owsias 9 ool


http://jwmsei.ir/article-1-1129-fa.html

[ Downloaded from jwmsei.ir on 2026-01-29 ]

oole 4 s

Ol ool (owiiees 9 pgle
Iran-Watershed Management
Science & Engineering

Vol. 18, No. 64, Spring 2024 V€Y )l € o lows — 2oz Jlw

Application of Maximum Entropy Machine Learning Algorithm in Landslide
Hazard Zoning in Karganeh Watershed, Lorestan Province

Ebrahim. Karimi Sangchini'®, Ali. Dastranj?, Seyed. Hossein Arami®, Samad. Shadfar*and
Iraj. Vayskarami®
Received: 2023.10.22  Accepted: 2023.08.20

Abstract

Introduction:

Numerous forms of natural dangers and related tragedies containing earthquakes, volcanic eruptions, tsunamis, cloud burst,
floods, soil erosion etc. happening in the world and amongst such troubling natural hazards landslides are the awful types
of greatest recurrent occurrences all everywhere the world. Every year, landslides have affected huge damages of life and
stuff, concluded the damages of forests, fruitful cultivated land, habitation area, and network communication in addition to
tourist adverts. Additionally, alteration of the earth surface is also responsible for devastating landslides. Iran has confronted
numerous categories of natural threats and disasters, for example severe soil erosion concluded gully expansion, vulgar floods,
and disturbing landslides. So, because of the numerous occurrences of landslides and huge financial damages have develop
national disasters of Iran. The landslide event in Iran has caused about 500 billion financial damages. Landslide susceptibility
assessment be able to assistance the planners for final management of environmental squalor and natural resources from delicate
damages and eventually development of economic action of this watershed area. The planned methods use both the capability
thoughts and ground fact at the like time. This could be taken as a brand-new methodology toward landslide zoning difficulties.
The goal of the study is to zonate the hazard of landslide occurrence using maximum entropy (ME) algorithm and compare the

effectiveness of this method in locating the sensitivity of landslide occurrence in Karganeh Watershed, Lorestan Province.

Materials and Methods:

Karganeh Watershed is located between 33° 25" 12" to 33° 37’ 12" latitude and 48° 23" 59" to 48° 44’ 24" longitude, occupying
about 294.2 sq km in the Lorestan Province, west of Iran. This watershed is one of the main sub basins of Karkheh River. One of
the most important phases of landslide susceptibility assessment is to identify and prepare a distribution map of current landslides

in the watershed. This map was prepared via assembly the information associated with landslides or via analyzing the data from
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remote sensing and GIS techniques. On behalf of this goal, the distribution map layer of landslides in the watershed was prepared
and separated into two sets for model training (70%) and model validation (30%) randomly. Also, 16 causes disturbing the
happening of landslides in this watershed were selected permitting to the review of sources and the usage of principal component
analysis (PCA), Tolerance and VIF tests. Digital layers of effective factors in geographic information system were equipped.
In the next step, the landslide risk map was equipped based on the maximum entropy machine (ME) method. So that evaluate
the accurateness of the modeling and compare the efficiency of the method, the index of the area under the virtual performance
recognition curve (ROC) was used. Established on the fallouts of the maximum likelihood diagram, geological, land use and

slope are the best significant factors inducing the event of landslides in Karganeh Watershed.

Results and Discussion:

Landslide inventory map indicated that there are 95 scattered landslides in the Karganeh Watershed. Exaggerated total area
through landslide is 635 ha (2.23% of the watershed area). Based on the results of the PCA index, the KMO coefficient was
calculated as 0.61, which confirms the necessary correlation between the input variables to perform principal component analysis.
Among the 19 components as the number of variables investigated in landslide risk assessment, considering the eigenvalue higher
than one, the number of the first two main components was investigated. The results showed that these two main components
express nearly 67% of the changes. After investigation, slope, slope direction, elevation classes, geology, distance from the river,
distance from the road, distance from the fault, river power index (SPI), topographic moisture index (TWI) and slope length
index (LS), topographic position index (TPI), topographic roughness index (TRI) and vector roughness measurement index
(VRM), land use, distance from the village, and rainfall were selected as the most effective factors of landslide occurrence in
the Karganeh Watershed. According to the Kappa index diagram, geological indicators, land use, slope, topographic roughness
index (TRI), slope length and slope direction are the most important influencing parameters. The area under the curve (AUC)
based on the relative performance detection curve indicates good accuracy (AUC=0.787) in the validation stage. Permitting to
the results of the maximum entropy method, about 28% of the Karganeh Watershed is in the high and very high hazard class of
landslide happening.

Conclusion:

In this study, it was tried to use all effective factors in order to evaluate landslide susceptibility in Karganeh Watershed.
Principal component analysis (PCA), tolerance and VIF were used to determine the relationship between the factors influencing
the occurrence of landslides and to determine the most effective factors. It is the carrying capacity of the waterway. It actually
determines the effect of topography on erosion. The longer the slope is, the higher the sediment carrying capacity is, and the
condition of landslides on the side of the waterway increases. An increase in the topographic roughness index (TRI) indicates
uplift and nontectonic activity. Changing the rangeland to rain fed farming and road construction is completed severely in
Karganeh Watershed throughout recent years and led to awarding great role of human factors on landslide in comparing other
factors. Based on the results obtained from this model, 50.4% of the area of the basin is in the very low and low sensitivity class,
21.6% is in the medium sensitivity class, and 28% is in the high and very high sensitivity regional level. An increase in this index

leads to more surface roughness and an increase in slope, which makes landslides more prone to occur.The implementation of
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landslide management programs based on the results of this research on the Karganeh Watershed can explain the difficulties of

domain instability.

Key words: Maximum entropy, Landslide hazard, ROC index, Landslide management.
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