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1- Fuzzy inference system 2- Rule base

3- AddaptiveNeuro-fuzzy Inference System
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1- Triangle 2- Piel

3- Root mean squared errors

4- Mean absolute errors


https://jwmr.sanru.ac.ir/article-1-496-en.html

WA liasls g 5le N o)leds [ Jlo 5udul 0595 Sy dolidangh

G e Sen 00 See Jelse 51 Suse 50 (Slgl R S g (3 Cuglae polie ) Jgoo

. - “ . M)‘b . ‘)l‘)"u
db:f;m T ‘sw:%;:); sl Sy 6%:7%" o sl sy olal Fye Jelse
5 ShlB o5 S d
S e
NE VT aviae YOIAY VATAR 4 KPS
. -I¥8 Yava V-/aA Ve oYA V. Voo Yoo
o8 -164 an a/fa s 5 Yoo v (M) asl 1 5l adlsls
.19 - IAY YISV YA .y v Yoot
\ AIVS SIFYA alaY Y10 1) f..< (M) ool 5l alols
\ YI54 OINY vaior DVTY [ KPS
SIYY 159 Wio VYA BAA X Veo¥eo
< IYY -164 \FISF Al 85+ a Yoo v
. .16y VOIYY AIVa OVFY A Yoot
Y -IAF YOI Yassy VIASY 127 f..<
IVE VA OIOA £7a VAA- ¥ N
-IAS -1 YT 5104 YeY- 2 VeoYeo
-IAD -1 ¥ #1609 72 2 Yoo .- (M) S 5l alols
. -8 Al-a BIfa YYYA 5 Yoo f..
\ V-0 YA/5a YOIAY YE\Of 2 f..<
Iz VIYY oFIvF YENVY YARA- A I
N Yiie Vo YA -5 v &l
) VA VYO Yha ra. Y bl
S5 e
15V A VE/A VWA £AA9 VY v e
Y xa vy visa £0-Y y Lisgio @50
. £I5Y . YYeq . G 8 y0
. . V-0 . YoV . 5>
AIYE -y Yo VA visa Yooy v Beepe
10 -IV0 YIS VYIOA YATY Vs FeoYen mm) 5k sleasgs
-IAS Y YASY b-10¥ Yeve 5 Yeooh-
) Vo VI YENY OFYE Yy Aeede-
. . F% . Vof . Y
o VIFO vIvS vIYa veY ¥ £\0
-Io¥ VA Vajar YAAY Y\ # Y- TR ) s
Y 168 O8IvS \IvE YARQ- Y4 -
\ Y/-Y Y-y FY/A BN ¥a 5.<
“IYF “1ov YAIAY /A% e a N
) VA0 VY YV/FY FYYA o E
-IFY - IAY s s YYYY 1) s
. -I¥0 UTA vIYa (aras ¥ W o
- 1) Ve V4/00 VAVA #OAQ A NE T
-1 -1aa Vo/0 VOITA OYYA Ve NW
“IAY Y 8-y VOITA Yo Py VE SE
3 - IFY #1a viva YYYO ¥ sw
“m . v . Yo
-I5Y 2 BIAD Al Vave a Yoo ge
“IVY VA AIAY VY/OA vaq. Vs e qen
\ Yy V- /2A Ya/sy Y- 127 Qe \Ye-
vE -y VV/AY V-/aA (2 V. VYoo V0e-
Ny VIYE WA ) FEVY Ve O+ VA -
SNY -IVF VY4 LR o £ YAceY)ee e
Y . £.v0 . Y\ Yf..
SIYY - IVO VAYVY AIVa Yaa- A YEoo YV
. . AIYY . YAY- . Yoo ¥
v5$ . VYYS . Fooo XYL
. . - I¥A } 3 . rre.<
Y . 0 : Q2
. . CNY . FF . Q°
. . CNY . £\ . Pr
-1o% VYO fa/0Y BVNE VESAY oy R,?
“IYA -1oY Yo Y-IAY \YYS. 14 R,J oolidione;
</ . 10N . QJ
) Y-y £I0Y VWA viay VY Rel
-9 VYO £1\0 visa Y-AY y K,
. . < 10¥ . VAF . M M.S

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-10]


https://jwmr.sanru.ac.ir/article-1-496-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-10]

\of g usul 059 50 (55Bg,5 Jow 3 ool b o33 e o Comlus (gaiaig

o Bl 5l Jols gl ays 5 esliial owsS
o3ls &, slagizl 9 Siomes 585 2 Sse Jolse
LA8 50 Jelse 51 SOy (gl dslllas 050 ddlais jo
&l eizes Sl oad &Y Jou o B33
G owd (owsS g eulidime) Jele (e Cugie
0> P EsBs )0 Sae Jelse nle l slaiges plgre
Cludigy And Colpd o .l onls &l T sla IS
5 e Cagas &b ) eslitul b (3dimeey Sl
Fa 0 sladss jo 5B —uas g 50 (wsS
slJas byl Vo Jga cnl oad ooyl
odd gy G e sl gunae ;0 ANFIS

isel g S J>lye sl MATLAB 33l 5 5|
b & 8 ey TR aslllas cpl jo 0l 4385 0 00
AV 5 (¥ =) cd Al s e gl ol
soliwl (£V+=2Y) iolosl al> o lp (o33 s
Vslp e g (oS (MFS) Cugiae b 5las )8
Colgs > a5 a3, o, ANFIS [Lsle o 3956
awgie (o s WIS T 4 oall ools 5 (wlel
23,5 G 05 LS 5 0L

Shoslanl b Ghssdiyee Jlas 4dds 4 jshaie 4
o Cugac b 5l adlas 8,90 adlate jo (53l

oy s a3 ANFIS sla o 25,1V Jgoo

MAE RMSE (/) Area SN Joe g5
\ils oS
YOI A Lgie . .
LR N2 Co G L g3,
TRy ) oy Cegas mb L5l
\Y/AY oby L
YAIXY oS
Y£Ia L .
[feN - [f-¥ a lie Cogiae b b g5l
YYI£0 o, T BT ey
YA/ ol L5
i Bﬂ!ﬂ?ﬂ ’ﬁ?ﬂ um ONBII» mm OMG?O 03000 5eE000 500007 am?o SL5000 8LR000
g £ 5
§ § { :
) g g 2
® 2 = 2
g g g i
¥ 5 F F} g
" L) ) L)

ANFIS Jow ;o (owsS Cogac ali oolanl b gh53d pae) jlas aas —-(A) ¥ s
ANFIS Juo 59 G..L».a Cugac @L‘; solaiwl b u,a),dwn) ).|a> asss -(B)


https://jwmr.sanru.ac.ir/article-1-496-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-10]

VeV WA liasls g 5le N o)leds [ Jlo 5udul 0595 Sy dolitangh

FIS Variables

pict pairts:

input vesiable “aspect

Current Variahie

Current Membership Function (chok on MF 1o select)

Harme gt ems
. P Type. DI
]
Rargs [0AC15 03501049 0.41]
o]
Despilay Rangs
w11 | e Goze
Cranging MF 2 type o “gass2me
. L > LC Y - 5 éel; 70 : B
sk powis: 1
FIS Variables Membersbic finchon picts L
- = / \ e =
S A >< o s 5 o
- = | AN o —_—
2l Langalide < — }:-f:‘ -
— —
\ — ""::\‘\..
— T
05 — ~—
— \\-\_‘ e
! T T
o 0.4 0.5 08
input variable "Lilclogy”
currarn Verinkie currat Mardearahie Tunstion (ekek on NF to alest)
e Lkeingy iy La
T =
Trpe it i iy - §
Prrnms ” 1
Enlie [0.25 0026
-] !
Cizplay Fan | ¥ I
i ot 09 ‘[ oo ] ] ‘

Emved FIE "Ltology! to drk

i K Jale e Cugie ol -F IS

Hio gl 4 Cond e LB (oS Cagde b
ol o ol flas s sleands coluwe .l
oaumanlis a5 oyl S8 ol s 0 o5e ol
wboe ol ply 5o 055> cnl YL G pdy s
O A5 dad o slad Y Jgam j0 Cds aS (g 5k 4
LSl Gosilome; 58y b (ulidiine) slaijle
(e «5L‘°"‘3}L‘:‘ O o0 0 Sezs (Suop
5 Yl ke Sal Kiw (s55l5id L S 5
S ghgdend b TREZ ISl sy (59, a5 s
55 8 S Slsgi b 4 it aslys S
)l GEalime) E589 4 1) Sl (n i Sl
ol Gloog sbbeS > obwl @ BIS wle o)
Dg> iudgy Cod ddlaie ol Cawg Judo 4 Lol s

A ganay sl Gl gyl adllas (ol o

s liel Gl Grize ap0 S eoliiul (553 e
b ol colinul MAEs RMSE sle g, 51 Jow
i 4y 0 b LS 5TANFIS Jos ols ol
5 ogl @ld b a5 oo Jloyedn B3 Conles
Wlg oo Eo50 dzgi il Calhe (V9) ), Sen
by Slegkas Jdo 4 (5589, a5 ally y50 ol 4
ol sridlhs! cuols uizen 5 ol Slogas 4
S 5y @l po b 5l (Bly glis
) olie (79,5 iz oy, oo Cudly
Soled 5180 as3g,9 e |y 5 cmlie bLS,I 5 args
e g (oS 531 Cagac @b go l addllae opl yo
oly las byl amls a5 0ys )8 eolaswl (5584, (51


https://jwmr.sanru.ac.ir/article-1-496-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-10]

VoA slg sl 0595 50 (6595 Joe 3l eoliiwl b (554 (e s Comlus gabaiy

boiye ool GO @ bgpe 09 2 45 00l
oS baad jo il e oy £ 5l i cod
et 5o bl cwl B8 695 097 S e slag
A aS ails 0gzg Sl pl WSe asye £ YL
Lo alS” s 5l azpo ol jo (gl S Lyl 1l g
S Gh33 slp Lalpd B G958 (5092 Y 45 0092
Sldllas b gaisw ol gloaisl, cul 00,5 JLLS
ok slagisi) Sl 5 oK 3blis SBIbI 3
Eodg odes LYo I S S | cwl ool £,
b S gl 5 ol el Sl i)
Sl a Lan T bas 5 SsSes bl
o9 orl sl sl Jele (n Fosee
Sl Sy a oul was Sy bl d pl abb o
5 omdS e wie 8ot e (SlSs5d
Ol slaaty) o5 jo 1) (453 slaosys oS >
5 ol Oladss b mls pl oS el 00,8 wauis
) o, 5en 5 slglS )| (1) goams ((A) ol San

Syl callae

G5 Sl e 5l 6% Jelse pmizen
ol Gt sen 5o S wld 5 (S
28 (Sl slaa 9y wiz e wBl oo Sge ile
LIA8 50 e oloul o 50 o1y vezg wijle o)
S a8 ools ylias anlpl g ool> 5l alols bl el
Ol 3l S oo alols aanl il 5 ool 5l ax
Foo alolb U a5 gy9b 4 0gd o0 atulS Lo i)sl
S5 i ot esly 5 laal] ) s e
Jols ol 500 Ole @ g b Cundg ool
3929 4 (69508 S Sy g 00) o2 4 ) dalais
)y (Bl jlad edlr nl (i n g Wyl

ool (Suo5 yo (hplime; Gl Bl el 5 S o
=l 4 58 (VD) edl (V) J ) oS
g ool SLbI o (5l ime) Gl p (e (st
sble o ool> cols pimpe iww, lbaal,l
L5 Gzl e el oS 4 4z g5 poe 5 S
@ go> ohie 4 b Se) culie 65 pas
5 bl ggdy yo 58 ol mhw (SW)b &g
ul...,...‘ u.uu u.:)lS R o 0092 );9.@ ool:? d‘rlo‘

&lw

1. Ahmadi, H. and S. Mohammadchan. 2003. Investigation of some parameters of massmovements,

Case study: Ta

n watershed. Iranian Journal of natural Resources, 55: 455-436. (In Persian)

h
2. Ahmadi, H., S.e?\llohammadchan, S. Feiznia and J. Ghodosi. 2006. The made area model mass
movements' hazard usr;? quality characteristics and AHP systems, Case study: Taleghn watershed.

Iranian Journal of natur

Resources, 58: 3-14. (In Persi

an
3. Bui, D.T., B. Pradhan, O. Lofman, |. Revhaug and (%.B. Dick. 2012. Landdide susceptibility

assessment in the HoaBinh province of Vietnam: A comparison of the Levenberg-Marquardt and
Bayesian regularized neura networks. Geomorphol o%y, 172: 12-29.

4. Carrara, A. 1983. A multivariate model for landdide hazard evaluation. Journal of Mathematical
Geology, 15: 403-426.

5. Cobanner, M., B. Una and O. Kisi. 2009. Suspended sediment concentration estimation by an
adaptive neuro-fuzzy and neural network approaches using hydro meteorological data. Journal of
Hydrology, 367: 52-61.

6. Duman, T.Y., T. Can, C. Gokceoglu, H.A. Nefeﬁlioglu and H. Sonmez. 2006. Application of logistic
regression for landslide susceptibility zoning of CekmeceArea, Istanbul, Turkey. Environmental
Geology, 51: 241-256.

7. Ercanoglu, M. and C. Gokceoglu. 2004. Use of fuzzy relations to produce landslide susceptibility
map of alandslide prone area (West Black Sea Region, Turkey). Engineering Geology, 75: 229-250.

8. Fatemiaghda, M., J. Ghiomian and A. Eshgheli Farahani. 2004. Evaluation efficiency statistics
methods in determined Landslide hazard potential. Journal of Geosciences, 11: 28-47.

9. Foumelis, M., E. Lekkas and |. Parcharidis. 2004. Landslide Susceptibility Mapping by GIS-Based
%lilgative Weighting Procedure in Corinth Area. Bulletin of the Geological society of Greece, 3:

10.Jang, J.S. 1993. ANFIS: adaptive-network-based fuzzy inference system. IEEE Transactions
Systems Manage Cybernetics, 23: 665-685.

11.Jia, N., Y. Mitani, M. Xie and I. Doiamaluddin. 2012. Shallow landslide hazard assessment using a
three-dimensional deterministic model in a mountainous area. Computers and Geotechnics, 45: 1-10.

12.Komac, M. 2006. A landslide susceptibility model using the analytical hierarchy process method and
multivariate statistics in per alpine Slovenia. Geomorphologg/, 74:17-28.

13.Lee, S. and K. Min. 2001. Statistical analysis of landdlide susceptibility at Yongin, Korea
Environmental Geology, 40: 1095-1113. ) ) )

14.Lee, S, J. Choi and K. Min. 2004. Probabilistic landslide hazard mapping using GIS and remote
sensing data at Boun, Korea. International Journal of Remote Sensing, 25: 2037-2052.


https://jwmr.sanru.ac.ir/article-1-496-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-10]

Ve9q WA liasls g 5le N o)leds [ Jlo 5udul 0595 Sy dolidangh

15.Lee, S. 2007. Application and verification of fuzzy algebraic operator's landslide susceptibility
mapping. Environmental Geology, 52: 615-623.

16. Mohammadi, M. 2006. Mass Movement Hazard Analysis and Presentation of Suitable Regional
Model using GIS, M.Sc. thesis, watershed management, natural resources faculty of Tarbiat Modares
University, 80 pp. (In Persian)

17.0h, H.J. and B. Pradhan. 2011. Application of a neuro-fuzzy model to landdlide-susceptibility
mapping for shallow landdidesin atropical hilly area. Computers and Geosciences, 37: 1264-1276.

18. Porghasemi, H. 2006. Landslide Hazard Assessment Using of Fuzzy Logic, M.Sc. thesis, Watershed
Management, natural resources faculty of Tarbiat Modares University, 92 p. (In Persian)

19.Pradhan, B., E. AkcapinarSezer, C. Gokceoglu and M.F. Buchroithner. 2010c. Land- dlide
susceptibility mapping by neuro-fuzzy approach in a landslide prone area (Cameron Highland,
Malaysia). |EEE Transactions on Geosciences and Remote Sensing 48: 4164-4177.

20.Robin Fell, J., C. Corominas, L. Bonnard, E. Cascini, W. Leroi and P. Savage. 2008. Guidelines for
Igagndslide susceptibility, hazard and risk zonation for land-use planning. Engineering Geology, 102:

-111.

21. Shadfar, S., M. Yamani and M. Namaki. 2006. Landdlide hazard zoning using information value,

?reaintensi)ty and LNRE models in Chalakrood watershed. Journal of water and watershed, 3: 62-68.
In Persian

22.Vafakhah, M. 2008. Runoff from snow to simulate artificial neura networks, fuzzy logic and datato
measure snow in the watershed Taleghan, Ph.D. thesis, Watershed Management, Natural Resources
Faculty of Tehran University, 122 pp. (In Persian)

23.VanWesten, C.J. 1997. Statistical landdide hazard analysis. ILWIS 2.1 for Windows application
guide. ITC Publication, Enschede, pp: 73-84.

24.Yacin, A. 2008. Gl S-based landslide susceptibility mapping using analytical hierarchy process and
bivariate statisticsin Ardesen (Turkey): comparisons of results and confirmations. Catena, 72: 1-12.

25.Ydlcin, A., S. Reis, A.C. Aydinoglu and T. Yomralioglu. 2012. A GIS-based comparétive study of
frequency ratio, analytical hierarchy process, bivariate statistics and logistics regression methods for
landslide susceptibility mapping in Trabzon, NE Turkey. Catena, 85: 274-287.


https://jwmr.sanru.ac.ir/article-1-496-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-10]

Journal of Watershed Management Research Vol. 6, No. 11, Spring and Summer 2015 ..........ccccccevimivienenncvneinienees sevnneeeenennennn 110

Landslide Hazard Assessment by using Neuro-Fuzzy Techniquein Vaz Water shed

Mohammad Zar€', Alireza M oghaddamnia?, Sadegh Tali K hoshk® and Hossein Salmani*

1 and 4- Ph.D. Student and M.Sc., University of Tehran
2- Associate Professor, University of Tehran
(Corresponding author: a.moghaddamnia@ut.ac.i )
3- Ph.D. Student, Sari Agricultural Sciences and Natural Resources University
Received: December 4, 2012 Accepted: May 12, 2013

Abstract

In this study, Neuro-Fuzzy model was used to prepare the map of Vaz watershed landslide
susceptibility in GIS environment. Location of landslides occurred in the study area was
determined through interpretation of aerial photogrgo_hs and the field monitoring. In the next
step, factors affecting landslide occurrence such as atitude, lithology, slope, aspect, distance to
drainage, distance to road, distance to fault, rainfall, and land use were digitized. Then, landdlide
susceptible areas were assessed by using ANFIS model based on factors affecting landslide
occurrence. For this purpose, two membership functions of triangulate and Gaussian were used to
prﬂoare landslide susceptibility map and compare their results. Two statistical criteria of RMSE
and MEE were employed to evaluate model _%_er_formance. The results showed high efficiency of
ANFIS model for preparing landslide susceptibility map and also the ANFIS model with Gaussian
membership function over-performed the ANFIS model with Triangular membership function in
the study area. Landslide hazard map showed that the regions with high risk have the most area
indicating high risk-taking of Vaz watershed in occurrence of landdlides.

K eywor ds: Neuro-Fuzzy, Fuzzy, Membership function, Landslide, Vaz watershed
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