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Figure 1. Position of the Roudbar Alamut Basin in Qazvin province and Iran
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Figure 2. Landslide di stribution map of the study area
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Table 1. Results of the integration of the landslide distribution map with the map of factorsinfluencing landslide
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Figure 3. Alamoot watershed soil orders map
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Figure 4. Alamoot watershed slope map
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Figure 5. Alamoot watershed distance from road map
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Figure 7. Alamoot watershed distance from river map
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Figure 8. Alamoot watershed distance from fault map


http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.17.0]

[ DOI: 10.29252/jwmr.10.19.117 ]

WY (ANN) (s gian guas a5 jl odlisal b (2580 0se) s £98 (o) 2

SrEMIE I AE S wECE
e
e Sl Lagssarn
N
wawn|Legend 1L
®WANH

| B
R
wasow [~

(72D
R
. e
FalE - 5
FIGE'40'H
SW
Il -
T
s |JJl v
s I E B E HSMUE
Sgall joul 06 s Cape s A S
Figure 9. Alamoot watershed aspect map
SII60E SUWE SrSrE AETCE
HHAN Bl i ik
. FRILAN
b
WA N '1.'_
TEAN
WA=
— NPT
Legend
S <1500
[ 5o 2sm0 [N
| BEIEE
msw'n-- = 3500 ey
SYTE AWHE waf0E STTE

Sgell j5ul 05 gl Clib asd -V S
Figurel0. Alamoot watershed height classes map

SMWTE 0 E UE4E e
334N
A S g B g
N
L6290 N
240N
-36"24T"N
ke
yd Q
_—
6% a0 N
-
— .
L T
IEIT AN - e
W2HTE SWNE P WETE

Sgall 550l 03> (Sadlen 4 SB 5 Kiw Cuwls aiis V) S5
Figure 11. Alamoot watershed rock and soil sensitivity map


http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.17.0]

[ DOI: 10.29252/jwmr.10.19.117 ]

) WAA il g 5l 1V o)led /pmd Jlo 50T 0595 e dolitingy

SO28'0"E SO*IE20"E S0*48'4A0"E SO0*STO"E
s Lsgeind ol ) o5 e RS ASRE | sas.vao-se
IEZTY 207N
=36 20° 207N
G240 N
-38°24°0"N
IGT18° 207N
-36T18 407N
I X 207N 4
50°26°0"E 50°36'20"E 504640~ & S0*STOE
Qle )puT 0jg> gél)l L;)g)lf ass -y s
Figure 12. Alamoot watershed land use map
SO T60-E SO*36 2078 SO 46°40"8 SOSTO°8
el T s s A2 363420~
~N
IO 20N ‘—1L
Legemnd . - -a6~Z9r 207N
N pgke 5
| I Qaby - v -
ormwer™ e - = == N . = l-3ae240rn
Ek B N
IO-TE 40N 4 l—l E'h‘. - b o =
TRjs <y 4 l-sac1ora0~n
Mm.s.1
3.5-1:;-;0-"_-(:11 LR - T
S0*26'0"E S0*38° 2078 s0c48 a0 SO sSTO"Ee
CJ?A” ).aui 0je> (owlich S s =Y S
Figure 13. Alamoot watershed lithology map
S ol s ilejl g Lbjeel cas Solas Egwan ok dSai Joo I Jeols gl

Jods 30 (Souas mas a8 lpl 5l Jolbs ool Jols JuSy YAMVAD  gloodls I aass ol o
ool 003 BV 0)lad B3t g b JuSe iy 4 TVOYYA 4 VYASF
1 2
Cigpods 5 Sy Jl T 5 T Cand LS odlatl


http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

we (ANN) (o gan goas a5 jl odlisal b (2580 cse) s £98 (o) 2

0z 5
— LR=0.5
004 T

0.035 +

LR=0.5 (5 ,3sb Couws b loiy 44 (495 2lass § RMSE jolie clyuss jlaged VY JSUS
Figure 14. Chart of changesin RM SE values and number of hidden layer with learning ratio LR = 0.5

_ o oelllogy ase > Bl s ey Colus a0y -V Jouo
Table 2. Percentage of landslide hazard zones areain Roodbar Alamot basin

[ DOR: 20.1001.1.22516174.1398.10.19.17.0]

[ DOI: 10.29252/jwmr.10.19.117 ]

Colue oyd Sy dlass s glso s digs
\1/d Yory o=y oS
\RIA% Y-avA DAY oS
WA Faysy Y — /5 bwgis
SYIY YAOYYR o[8 — <IN oL
oy VOYYA SIA=1 oL s

i +
.?‘ o
P
YL J
_=—— - l = l |
Pgkc Qa.bv Pr Ek Ekgy Ebwv TRjs Mm.s.l Cb

aiE Bl aa g

A i sloisly b o5 ol e o ey 0 S5

Figure 15. Relationship between the frequencies of landslides and lithology units


http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.17.0]

[ DOI: 10.29252/jwmr.10.19.117 ]

WY AAA sl g 5les /N ojled /pmd Jlo juul 0jgn e doliiimgy
s0"26°0"E 50736 30" E SO R 0T
W= 7470 M
- 362 20
28°20°20~M
320 2R
BETIADC o
- 3ET240TH
26180 M 4 —_
- AT
=3
[ pEeee— 1: 250 000
385432070
0INCE 030 208 5049 40~E WrsTCR

(Egan (guas Mu»”)laalnwlLuyl)ba”‘\.py);wﬂw))bd_\uww VU
Figure 16. Landslide hazard zonation map in Roodbar Alamut Basin using Artificial Neural Network method

‘_'.'Il_,l_)él;lemi _Ashaa

2000-4000
1500-2500

Inceptisols

g | wSha |34l L
RPN IR ST [ T sila | s el | i

™
£

st

ilie Jolse Sl Jlls cund Sl -V IS
Figure 17. Maximum frequency ratio of different factor categories

o belgs Sl gl s ggemme A S
Figure 18. Total frequency ratio of factor categories



http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.17.0 ]

[ DOI: 10.29252/jwmr.10.19.117 ]

VYA

Table 3. Artificial neura network statistics

(ANN) (o gtne pne oS5 3] eolitl b 35905 s 655 (o

(Fshan o oS syl Jolo (slao o] ¥ Jpso

RMSE R? Hsle Jsl b &5l &Sl o ac &Sub g9

<[+¥YY <[aay. V-V LS geSaw /o @S Hle Syl Y i g ey

ol 90 g bl o doyd Ve 3l b b gyd dses sy
aab cwl b ) doe sl i Lo VO b
Sledo Vo dgas xaw 3939 b doyd Yo UV o
@ i bl )08 Gl Olib plo gm0 YL o
ey e Gl Al opl lib (jy g gaw
S 5 o (Slnaly | o A3l o e 3 S5ce)
g (M) ohBes 5 g (Y0) OhlSen 5 Slow (M)
Sy cdllas (Y8) bisle 5 anlo labus

w4 Chb 9 Ebv Mm.sl Pgkc (Siw slassly
W (S saisly o 53 (o515 S cpyid )
Lo b34) 2a0yd A8 39 35 (o833) Zobaw Hlai jl g a0
owlbidipme; Jole b cuedl .cuwlodls &) aasly ol o
(V) OhlSen 5 Goo (V+) Byl 5 plilaae sboadl L
il 5 Gale (V) gllSen 5 aaslel (IT) ol
9 odie Ulaoh @l & (SHeey )b cdlas (V)
ey bl g3 1y elidope; Jele 536 (VW) ofyen
oXiS W5 Jole plgie 4 SB- S o b5yl o8 23
P by dlox 51 50> elgs 59y 2 &5 3B L 3o
Lol (233 £589 50 1y 295 wae (A8 ) (W3] 628
4 SB g S Cglus Jole o 1) ol 50 a8 S
Jolgs Coonl pgd aipe )3 &S a3 0 (L5 ol 3 Jelge
3 ol gl bl 1 s 3 el slo 53 55 i
@ Fohas (as &b Jio b (55 slad auaiy
Colus 5 Loy OIF 5 SYY OVIY NIV NI LSy
9 3bj dawgio o8 oS (Sl sl NS ) dilaie
g Jlaep> Ve dgas (38,5 )18 .85 18 0bj (s
oo ool Mg dLj (k9 3L jhad (sla WS )3 dilaie
9l da g 4l (B33 e ol sl adlaie oS
Sl coa (plivg) 5 GRS Ay sbaly
3)5 ity &85 (LBl )8 )3 35 g Sl

diols (LS ) alols canll 5] alols (plis)) Slids
4 S g S ol 5 5Bk (o5l S il
IR s 2590 (B} slad anayg lp plaleyd
o) e S s Bl g sl s
sy po ol b 58U e lis sl 55,5 esls
Sl Jelse & a5 bt l (B3
L sl 5 ol & S g St ol ()
5 e slagiagy @l b dilte lagbid L)
Sl 3L 8 (W) phlsen 5 odljoms 5 (V) olSen
B35l (S (1F) hlSen 5 g5 a8 o0 48T ) ()
2Dl 528 e 1y Slg el 05 )3 o b £989 odes
Gl 03503 oyl el 4 Ll has 4
2 b lawgio il b &l (1) (608 s aslllane
oy ey e Sl 1y dses maw oy AD Gl iy
oobol il 0ol Fy bl asyd A dgas S
oloj 5 03 i e sl Gliee 39290 GBS
e (2l g Ol Lulyd o8 Jlo Job plas 5 ()l 00
S OBLS (6yshlj 15d spw jl 5 305 o0 g ML
Vilegome £ g (#lj S b (o2l (0) 2l o5
Sl ol 3 Jy 050 p 1) e v jl aop
2 bl el edlidl Bl b o woyd Ve dgus
2 bl 05y it gl Sk nl 35 (3 e
5 (St oo Al kS e 8B clib
S o3 e &S Canl aSS pl Mo 5 Cuwl olis S
L e S G g ) e ade o
S 35 S Sy S ol (sladl
o 2 cilhe (V) o)bjsul 5 @lye doJSin olojles
A oS oo (Ui (B3 b o Jolo o bLS))


http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.17.0 ]

[ DOI: 10.29252/jwmr.10.19.117 ]

v WA bl 5 5lee 1N 0)lod /omd Jlo 50l 039> o e doliiimgy

&l

1. Abedini, M. and H. Setayeshi. 2014. Landslide hazard zonation with hierarchical analysis model (case
study: Golgeh watershed). Geography and Planning, 49: 139-165 (In Persian).

2. Amirahmadi, A., M. Mohammadniaand L. Solgi. 2015. Preparation of landslide sensitivity map using
frequency ratio and analytical hierarchy process compilation model. Applied Geomorphology of Iran,
5: 45-58 (In Persian).

3. Crosta, B.G. 2009. Dating, triggering, modeling and hazard assessment of large landslides.

Geomorphology, 103: 1-4.

Emami, S. N., A. Jadian and A. Khosravi. 2016. The Role of Soil Chemical and Physical

Characteristics in Landslide Occurrence (Case Study: Afsar Abad Areain Chaharmahal and Bakhtiari

Province), Journal of Watershed Management Research, 7(13): 182-192 (In Persian).

Forests, Range and Watershed Management Organization. 1996. Combined report of erosion and

sedimentation of Alamoutrood basin, 87 pp (In Persian).

Forests, Range and Watershed Management Organization. 2010. Jutan Watershed Executive Studies,

Geology, Geomorphology, Pedology, Land Capability and Vegetation, 196 pp (In Persian).

Forests, Range and Watershed Management Organization .2016. Iran Landslides Database Report,

135 pp (In Persian).

Ghahramani, S. and M.R. Servati. 2009. Study of geomorphology and erosion in Alamout River basin.

Land Geographic Quarterly, 45-61 (In Persian).

Golabi, M.R., A.M. Akhondali and F. Radmanesh. 2013. Comparing the performance of different

artificial neural networks algorithms in modeling the rainy season, case study: selected stations in

Khozestan province. Journal of Geographical Sciences and Applied Research, 30: 151-169 (In

Persian).

10. Gomez, H., T. Kavzoglu and P. Mather. 2002. Artificial neural networks in landslide hazard zonation
in the Venezuelan Andes, Abstracts of 15™ International Conference on Geomorphology, Geomorph.
Uni, 22(4): C-76.

11. Guzzetti, F. 2005. Landslide hazard and risk assessment. Dissertation. Anungo, D.P. Arora, M.K.
Gupta, R.P. Sarkar, S. 2008. Landslide risk assessment using concepts of danger pixels and fuzzy set
theory in Darjeeling Malayas.Landdlides, 5: 407-416.

12. Hasanzadeh, M.H., M. Chabok and Z. Ebrahimi. 2012. Landslide hazard zonation using SMCE
model, Case study: shalmanrood basin. Water and soil conservation, 19(1): 99-116 (In Persian).

13.Hejazi, S.A. 2014. Landslide hazard zonation in Ahar city, goyjabel Basin using geographic
information system (GIS). Geography and Planning Journal, 50: 135-152 (In Persian).

14.Lan, H.X., C.H. Zhou, L.J. Wang, H.Y. Zhang and R.H. Li. 2004. Landslide hazard spatial analysis
and prediction using GIS in the Xiaojiang Watershed, Y unnan, China. Engineering Geology, 76: 109-
128.

15.Menhaj, M.B. 2002. Fonundations of neural networks. Amirkabir University Press, 715 pp (In
Persian).

16. Misaghi, F. 2002. Simulation of rainfall-runoff for river rotating using artificial neural networks. M.
Sc., Tarbiat Modares University, 46 pp (In Persian).

17.Moghimi, E., S. Bagheri and T. Safarzadeh. 2012. Landslide hazard zonation using entropy model,
Case study: Northwest Zagros. Journal of Natural Geography Research, 79: 77-90 (In Persian).

18. Mohammadi, M., H.R. Moradi, S. Feizniaand H.R. Pourghasemi. 2009. Prioritize the factors affecting
the landslide and prepared a risk map using the information value and AHP models, Haraz watershed.
Earth Science, 74: 27-32 (In Persian).

19. Moradi, H.R., A.R. Sepahvand and P. Abdolmaleki. 2012. Investigating the effect of number of input
factors on the accuracy value of artificial neura network for landslide hazard zonation: Case study:
Haraz watershed. Pasture and Watershed Management, 65(2): 231-243 (In Persian).

20.Mostafaei, J. and M. Ownegh. 2011. Assessment and prediction of landslide risk using regression
model and analytical hierarchy process, Case study: Alamoot Basin. Engineering and Watershed
Management, 3(3): 149-159 (In Persian).

21.Nilsen, T.H., F.H. Wright, C. Vlasic and W. Spangle. 1979. Relative slope stability and landuse
planning in the San Francisco Bay region. California: U.S Geological Survey Professional.

22. Raghuvanshi, T.K., L. Negassa and P.M. Kala. 2015. GIS based grid overlay method versus modeling
approach-a comparative study for landslide hazard zonation (LHZ) in Meta Robi District of West
Showa Zone in Ethiopia. The Egyptian Journal of Remote Sensing and Space Sciences, 18: 235-250.

23.Rajabi, M. and M. Feizolahpoor. 2014. Landslide hazard zonation of Givchay River basin using multi-
layer perceptron model of back-propagation type. Geography and Development, 36: 161-180 (In
Persian).

24, Sadoogh, H., A.R. Azimpoor, A. Dallaloghlo and M.R. Servati. 2009. Evaluation of AHP Model in
Landslide hazard zonation, (Case Study: Ahar Chay Basin). Geographic Space Magazine, 9(26): 71-
87 (In Persian).

>

© o N o O


http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.17.0 ]

[ DOI: 10.29252/jwmr.10.19.117 ]

e (ANN) (o gtne pne oS5 3] eolitl b 35905 s 655 (o

25. Safavi, S.M. 1997. Assessment of the landdide hazard in the Damavand Basin. M.Sc. Thesis, IITC,
Enschede, the Netherland (In Persian).

26. Salman-Mahini, A. and S. Abedian. 2013. Landslide hazard zonation using the potential risk index for
environmental planning. Environmental Management and Planning, 8(2): 5-16 (In Persian).

27. Shariat Jafari, M. 2006. Foundations and principal of sustainability natural systems. Tehran Sazeh,
Tehran. Iran (In Persian).

28. Shirani, C. and A. Saif. 2012. Landslide hazard zonation using statistical methods in Pishkouh area,
Fereydon-shahr. Earth Sciences, 85: 149-158 (In Persian).

29. Souri, S., G.R. Lashkaripoor, M. Ghafori and T. Farhadian Nezhad. 2011. Landslide hazard zonation
using artificial neural network model in Nogian basin. Geological Engineering, 5(2): 1269-1286.

30. Souri, S, S. Baharvand and T. Farhadian Nezhad. 2013. Landslide hazard zonation using fuzzy logic,
Case study: Cham Sangar basin. Journal of RS and GIS Natural Resources, 4(4): 47-60 (In Persian).
31. Tayeba, A.R., M. Dadashi, S.F. Noorbakhsh, A.A. Jamali and A. Hasanabadi. 2015. Landdide hazard
zonation using the Multi-criteria Land scale assessment (SMCE) Case study: Chahar-Maha and
Bakhtiari Province Bonn Basin. Geography and Environmental Planning, 26(1): 105-116 (In Persian).

32.Vahidnia, M.H., A. Alesheikh, A. Alimohammadi and F. Hosseini. 2009. Landslide hazard zonation
Using Quantitive Methods in GIS. International Journal of Civil Engineering, 7(3): 176-189 (In
Persian).

33.Varnes, D.J. 1984. Landdide Hazard Zonation: A Riview of Principles and Practice, Unaited Nations
Educationnal, Scientific and Cultural Organization (UNESCO), France.

34.Xilin, L., S. Wang and X. Zhang. 1992. Influence of geologic factors on landslide in zhaotong,
Y unnan province, China. Environmental Geology and Water Sciences, 19: 17-20.

35. Yamani, M., A.A. Shamsipoor, A. Goorabi and M. Rahmati. 2014. Determine the boundary of
landslide hazard zonation in the path Khorram Abad-PaulZal freeway with analytical hierarchy
process-Fuzzy Method. Journal of Applied Geosciences Research, 32: 27-44 (In Persian).

36. Zare, M., A.R. Moghaddamnia, S. Tali Khoshk and H. Salmani. 2015. Landslide Hazard Assessment
by using Neuro-Fuzzy Technique in VazWatershed. Journal of Watershed Management Research,
6(11): 101-110 (In Persian).


http://dx.doi.org/10.29252/jwmr.10.19.117
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.17.0
http://jwmr.sanru.ac.ir/article-1-891-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.22516174.1398.10.19.17.0 ]

[ DOI: 10.29252/jwmr.10.19.117 ]

Journal of Watershed Management Research, Vol. 10, N0.19, Spring and SUMMEr 2019 ..........coiietieiiiieereieeeeiiiceneeeiieee s 131

Application of Artificial Neural Network in Study Phenomenon of Landslide and
Risk Modeling using Geogr aphic Information System (GI1S), Case Study: Alamoot
Rood Water shed

Mahmood Eslami?, Shadfar Samad?, Ali Mohammadi Torkashvand® and Ebrahim Pazira*

1- Ph.D. Student of Physics and Soil Conservation, Department of Pedology, Science and Research Branch, Islamic
Azad University, Tehran
2- Associate Professor, Soil Conservation and Watershed Management Research Institute (SCWMRI), Agricultural
Research, Education and Extension Organization (AREEO), Tehran, (Corresponding author: shadfar@scwmri.ac.ir)
3 and 4- Associate Professor and Professor, of Department Pedology, Science and Research Branch, Islamic Azad
University, Tehran
Received: December 24, 2017 Accepted: July 25, 2018

Abstract

One of the natural disasters that occurs in abundance in Iran, due to the geologica structure,
morphological and seismic conditions, and damages the lives and property of people is a
landslide. Roodbar Alamoot watershed in the east of Qazvin province is a mountainous region
with a high potentia for occurrence of landdides. Because of their active status, there is aso a
growing trend of landslide occurrence and damage to rangeland, agricultural lands and
residential areas. In this research, landdide survey was conducted using Artificia Neurd
Network model (ANN). Soail, geology, slope, aspect, elevation classes, linear parameters
including distance from the river, distance from the fault, distance from the road, sensitivity of
the rocks to erosion, rainfall and land use as factors affecting landdide. Using artificial neural
network model with the multiple-layer perceptron structure and back propagation learning
algorithm, landdlide hazard zonation was performed. The results showed that the arrangement of
11-7-1 with active sigmoid function is the best structure for studying the phenomenon of
landslide in this study area. The training, test and validation of the model were performed with
15, 15 and 75 Percentage of data that randomly selected. After optimizing the network structure,
standardized information was provided to the network. Based on the results of landdide hazard
zonatin with Artificial Neural Network model, respectively, 6.2, 10.7, 17.1, 64.3 and 5.3 percent
of the area placed in the very low, low, moderate, high and very high risk classes. The network
has 0.5 learning ratio, 7 neurons in the hidden layer and the least amount of error in the
experiment (RMSe = 0.0321)

Keywords: ANN, Back Propagation Learning Algorithm, Land Use, Linear Parameters,
Perceptron Structure
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