VWF_4e AYaS L o(Y8) ) Loos olajd sl e
http://magazine.hormozgan.ac.ir

. . é ola . &
oﬂ.v.?.n.\.z.gu};w;)jgsjbjfc‘;&}wwﬁ&wd\hdu\nu{\)\fw)ﬁ

a3l eslanel b ol 8 9 Ollgy O s jlwand 3

402:;94/4}#} w,;., 5)/;./)...{‘_}/:}[5 :Léib}j;' 4‘5J'}/).(/a}jgé)b/:#‘g$m ‘\DM

Ol S e iy JJJLJ;JMM" C))@.\d;u"zs[{ij/)

RS/ ¥/ 8 2 s o )b VFAB/ A/ E 2l s )b)

oS>

Wiz O g S ) 5 GHLE -t ¢ 8 pmn s A adis 9 1) e D b G 58 Gudiow
@6 Jlacd sl Glpe) o 3l A gy A 53 a2 O15me 5 Ul m S5kt 53 0 s
L sl s (S5 Skl Ol 5 51 e 33 Sl pas bl e ) 53 ok 1) 01 )
Sl il ¢ 3t o) 61t plLoil (8 g HLadly L 0w 3l o3liial b el 1+ i3l 0 3
(b S (BSOSl s ) (ame it Y1 G g pLanl Calu AS 53 5Lyl os
Laosls do s VA L ladube (gomi slssl L o3kl Jue 63959 O1gis & (168 ¢35 5 AL 2y
doy3 T8 3 PA do g o Bl 5 o 0 petiair (ggme S ) Uia 87313 LS bl Gudind gl LD plovi
o )l 33 T (9158 53515, il B Ol 5 Uy e Sl i o 3 4 Ol ks
iUy duos 9 A Vkizr g iy b Al 33 (Sl 4l U cwas 4K dobe (S Gib ol
S 310 0 5 3 (i e &1 A5 oG 395 b el 33 (M 9) 1D g5 gy gk b
AT sl ey A ¢ oS 40 dig s 53 NSE g MAE (RMSE la 5L 455 sb 4
aegy i 53 5 Gl B O13n 61y /A 5 o /008 /N 5 QU o )1 /48 5 /NS
EIT VLY SRV LIV PR E Py v v JURVAL IPRVALLIRVAL o QN AUVRUNESC DI PR
9y sk L3y g (Slad gl wl o) b s &K sladits 1Ll Jole 2l 8 Ol
dl Ul 5 ala b ileaed 61y s i Vb 1) s @ e gy - lad s

(5 Ol St (elad gl Wl Vi O3 5y 1S 081

dodda —

5 trn g Cidie Lz, bl ool Sllllas slos 5 a0l s Bl Sl 26 DUl 35T
e S 53 T Sl e w205l s e )t ST gl Sl sl e
s T gl wlssg, et T etten Srls s s Guiege S ]

ey Gl s b Sl Ol Gl Gl S cwl s b 5 T slaesle

mohamadisedigeh@gamial.com i 9ims 0diag g5 — )



‘JMM@&S“JM eﬁ‘JL{ IR Chaes

lasssl y an Wly e W & gl G35 5,91 s, opl Sl (Valietal, 2011) 55, 0
o S osd e bl 93 ol a5 (Slepm! laayss a8 5 SLb e 558
S a3 ok bl der 51 Sl wad O3 SKe Gl oylmn ame LSS s
o Sl Jle s S Sl Yl Ot w 0T s 5 S LSS cul OT e
Sl S ol (gl dnlp S5 bl fgen 5le o 315 plss 5 (s (e ST

5 ke selol ST JlEsl y gans  glie ole 5 ,ae 4 &S (Quansah, 1981)
G35 5,51 1 {(Perez-Latorre et al, 2010) 355 4 oo b Ojbke OAF 5 5 68 sy
S s a5 b e ol S 558 S5 e e (53 3l 0l ged sl gy 5 DUl =
@Y el s O s lm sl sods S sl g8l 5o Bl o g godomy

Sl psp o Ol 4 (2 yman Lol oBaws 51 ol ooy ARkl
S AP Sy gmdse o W8 Sl s sy (Rl Ol e
Geld s s el el el w1 g, s Sl e Olg e Showyd
- 55 a 5Loll cwe&ews Wil (Pan and Shangguan, 2006) 5 5 ool sy W
Ho e WLk S eslimd sy ol Lot s bl b b i asls

o sy Ms s Rl Alse e ey o Sean sl B8 bl

.(Hosseini et al., 2009) <.l @b Olg>
= S i Cugb g ol ‘j.ujp Ol Ol Lls Glas (2012) Defersha & Mellese
il ST oy Cusbs @ e B BB sk 4 s s, CBLE Olge  Cd e o5 sy
oKy K5 @ eisleyd C b ol s aass 5> 2013) O Kes 5 Martinez-Murill .ol
2l sy (558 Ll oty g8 Ol o 5 ol ele o &S azsls Oledl WO leas
STl Dai | Ol Ol &tk o ) 4 GOl b i s (2014) O, Kas 5 Zhoa
08T Sl 3 sl ce p Gl sl o) o ke by e 5 (o gdal, ST cusb)
sy SBE L Cd b ey e sels 31 WSe w5 S 0L 2012) O, Kes 5 Zarekhormizi s
Kt & Ly a5 ) & 2013) O, Ken 5 Habibzade .5 55 s sms Slla, b ]
S i oSl a5 (T S LS (Bl o s ol I8 olan o 5 Dbl Ol
Osn s (2015) O, Len 5 Bbrahimi .s,ls 55m s — /FAY 5 /#VE Olpn 4 (gl sine ot
fat Ol oy 5 Malss Olge ) S B3l g5 5 oo ot S by Sk o
oy90 L a0l s S ussls Ol (2016) Zoratipour & ArabKhedri .45 S b e Sl
S L5 (UL ¥) oy i85l 055 b gLOLL _blis sl & s (Lo Vv o) WL ctE 5

DSyl gl 2T aw godkisd J.i.k....?),qb” Sl ol 5t ISE RS- IR W SR RTINS R R

)



VWF_4e AYaS L o(Y8) ) Loos olajd sl e
http://magazine.hormozgan.ac.ir

g:»_IGJ) @)—"ub .Lgb) C».:.QLA 4@)?»)?) L;Lmd.u,éwblbj o5lazul &l)y}b

'hf‘}J Jf}}%}j% L}:J.wg\.ad.u Ui\ L;)L.m\.:.w VT J)bﬁj'gljé J}cm.}@ Ajbl d)ﬁﬁ

— ot gan oas S e Sl de sl o3\l Doy5 0 g 2] S Sl (e 2
s 5 P, 3,51 03 (e as oSS Gl i a8 0 Ol g3 | g 5506
il b e Gbla Lol (g mag s 5 (Ol °l-<3*~i‘ S 03,8 eslazal sible > SoL sl

Heng & Suetsugi (2007) Alp & Cigizoglu (2006) Cigizogluand & Alp <lid=s = s
zls s ol S ssan S cbdas YU L1 514(2014) O Saa 5 Jajarmizadeh (2013)
L ol s 5lds 5 Jo 5 51 (2015) 01, 5 Tahmoures (2013) Roushanghar  claasl
Ladae sl

355 g e S sy oS 4 2011) O, Kea 5 Dastorani 5 5iS J=ls s
O 5 Vali azils Oledl g0l A goiom 55 0L 63005 bl saly o Sl 5,570
53 55585 (S5 5 638 slsmal patls Ll S5 85 ol & Gl wikize 2011)
s Falamaki 555 s ,Sosle WT L5 mls L5d 30y (#ymmn ae K5 o) b gledute
sdalin IS sy polin b wae e Gl ol &1 cladae &5 w3l Ol (2013) 01, Kea
z3l BB 55 1 sy e 15 p e Vkin O (mae aSGE it 303 (e SlsRen ol
ol sl goism il — bl olwand 43 «2013) Ghafari & Vafakhah 53l 5,51 5 s @
Al e s 4E iy S (36 s gl 487 sy 0L DLl Dbl s il Ola s
i sl an i s «(2014) Yosefi & Poorshariaty.dS™ oo e o S35 L1 Sl
53T 2SI 5oty g 3 e Vi Oy s S i Sl eslind b o e
555 Ly Ol J Ol il 5T ol 53 Blar o (3t & 015+ TRAINLM
o =5 (2016) 0L 5 Eshghi .cstls 5 /) oles ot lay s sy 5 /38 Uslas (e o o2)
s 45 5 (S s Ol 53 Jbe DLty Sl optle dbe a b anain gladun G167
PRYACIVACNIS EUPYIE J JPVINS VIPULR] LU SO i v S TP R S PR T NS
el /AN

5w sl e Sllas 5 (et Sl et 5l (Sl &S e Slids s
b a5 O Wl il 13,55 2Vl el 1l 55k 5 (6 gkt o] sloosls ol
) s slad 4 Wl 5 s gim (DlideS pl 03 g 5 Sl 5 e e lalye
e Jalse b 5l oo o 3 Gl 5 Ul A5 gedal, Sl pdbl &l Jlo s g
ol S S5 ol $ Sl T e (wlin) LI S oas cos 0Ty 35
2 ol odd desl gl Sl os 3l eslimal 53, 55 ol ULy, 5 ielo b anl b

umil_.nje L;JL.»J.X.A Lv b el x.bl;)lgal L;)}J.J? 4.&3)‘) Q)L&.’LA QL.“N Slaseia 4; Lg);:uT L;L&ojf

qy



‘JMM@&S“JM eﬁ‘JL{ IR Chaes

Ch—w 23 St il Olse a4 Jalse cpl 5l eslizal g s @‘f (s Jalss gl s DUy, o
5 e Sl s Ly agd ails y Ollg, 5 Glaled Jame 53 2alS sk o Gl slaes e
B s T e (5 s Sleand sl 3655 5 (mas S gladas 51 5aS s
b s Jolss Ll Sl olisal Wl ecmlon o3l 03 28 sb &y ey = 20 5 SUlss - ikl
—a8 8 15 a5 5 0L o Sl ST Sl oy B s DUl s s il
polde ) (Sl 3510 m 5 (LL095 k) ot bl DdLl (555 1y el cnl Do
it 3 WS 6 Sl 3l e 5 o pan e b sladie S S5 o Fotes Sl (O3
kB s Ly oS 5 el 30 dae Jelse b sy 5 il ekl > ol
= Bl g, Glae Jb Slgws o gt 3 sdame Slides Gl 5 (56 - e 5 (ae KB gl
= Sl e Jlse saly Gl b 5 Dbl a5 o bdie ol cope -0 sl swly
Frman s Sl aSE i 3 ey 5 WG OLE 2R 55 s 3 S T (slae)
5 odzm lbedndy A5 e Ol Jhe e S5l (s oo b oS ames las sl 51 S
S 059 o5l> .(Misaghi & Mohamadi , 2002 Menhaj, 2002) wS™ g, 25 |y alil
5 eslaeul &g 05 (Zarekhormizi et al., 2012) Joms Julse b SUly, 5 fole b 0 Jost 8 dail,
L S e Ol 9 T 385 (Sledie 5 ooy sobie & 1) (56 — (e 5 (ae 2 sladae
T slmes s o Gl a5l B s Al Sy 5 s G ST Coedl 4 ar 8
cladis SIS pond CBua b Gaos opl G (go)s Ciliies Sl ot Do g Jots s a0 5a8
03 Gl Ol 5 SUla, o 5551 2 05 o ke Osen S 55 636 — s (F5mn grms 52

A sl (Sly s 5 25,0l QW) Oyl of Jled T slaes s>

9y 3350 Y

ARaliT 5 gl e Slles b osls cuils y - -

Sl s Jlesl b5 528 ok dles T sl 43 DL siluand Bs b G
Ay T s bl ol Vb el W al pl 238 s dlans 2285k 0 b welas
525,002 Ol el 5 4w & (sb & s Ll i g5y S8 5 (Rl b Ol 5 Uy,
dlone iS5l epn b asle o (Sl od Ole i Sl e 5k Slosas (s sl ed
(il sn lmelogl G115~ ~ it slalamd 4 ar 5 b Cosla y n o ™ e b ul)
moip 5 siS JEls ol 5T e 53 | adgm ) an cpl Camipe ) JS AS Ol s
o blim Sliins 55 a 5leabl o&ams Sl eslimal b ol me Slles b3 o OLES 5550k T
it O g5 3l e S oS N J 055 b oKl a el O sl T 5 ST
L S el e \/0 gl Jili 5 a5l (1Y #A%) slal & K Sy i Sl Jem LB ol

qy



VWF_4e AYaS L o(Y8) ) Loos olajd sl e
http://magazine.hormozgan.ac.ir

s 0 oy e O kb e Y18 sl 5 clacad Lol ] &b 4(,.32;5 LG sl
.(Vahabi & Mahdian, 2009) <!

GZOOPO 7000PO 7800‘00 860090 940090 10200.00

s s
s s
= N =]
s s
S S
W= = E
£=3 S £=3
s s
=3 LS
g g
g 2
s s
s s
s s
=3 LS
g g
g g
= =
s s
g LS
g g
g g
= =
s s
=3 LS
g g
g - g
s s me || S
AaAad3 Aninsa
o 15 30 co 50 120
B s s

620000 700000 780000 860000 940000 1020000

ok adlazs o g 1) IS5

Sl 31 B e s 8 50U Sl e (s o gl Juls) SIS 55 Slasia
£l Laas yod Sy ST Shame Saslie bile Oodo gt 0 il cosinn Joma s SLaOIL
S ezl o 5l ST w3 § ol oS 5 s a8 el ST (g Sl e Gos 5l 00y et S
3 ass oS oslasl il ot b 0T Sl gt 5 oy ol Sl oty 3T s OT 51 403
S8 s |5 0555 (Walkley and Black, 1934) Csb s Ol g 2o, b STl JT slge aasr
L wd> o6 ,aud (McGill and Figueiredo, 1993) +/+0 bls ;5 53, i dol b O gl 25
53 psrl Sl s b (6,8 0 las K8 4 Dl 6 omly «(Ollsen et al, 1954) ool i,
SIS e L S S S ulas e Ph ooy K8 & el (Simard,1993) V az al
el BV s a OsT oeus 53 am s Vo glosys 23138 L Sl b, (Zarinkafsh, 1993)

Q}:J‘lj c(MCLCCH, 1982) L;J:A.s_uhl{ u’l‘:})jl aJM\QéQ\M}a.\Bﬁ&)bﬁ BW_ S Ql_}:ﬁ

af



‘JMM@&S“JM eﬁ‘JL{ IR Chaes

S5 3l a5 S 2l s b o S8 4 e 0531 Ol 3 s b S
.(Zarinkafsh, 1993) ¢ zagdd 5o, b St b 5 o) cdows

U G dess Jols Al i el 4 by e slaesls cadlln 3y3n Jos 3 riped
2 tlasly Ol o3y (515 53 WS g pds 5 s o3y S 5 K s das S
- arls Jals) gls £ g S gl et s ol P S i pas 5 s Sl
el ey A5 eslzal past gyl 8le 5 bame s (x5 500 = O3 O g &5 2ol 5o
53 0T Gbaa ol b Ol 5 QUSla, o 5 plasil Uil 51l neised e ilesT sl 5 SLaoll
i g, et o esT

Losls fdov g 4 o0 -Y-Y

o slassS g S sy (Sl (LS bl e laaas e e ol ol
s S ¢ £ e godia b b Olsa 5 Ul e oland Gl eg2909 Olse
A oslanal (g5l 5 s

Olge amy Laosls (gilms bl Joe ¢ mg 5 5 (63909 Wosls s 51 oy 55 Wesls JUT (gl
(Sedighi et al., 2015) a3 plosil 15 ebail; b ‘rlf ol

A, - A
- =0.1+08(——
al (A _Amin) (\)

J.{‘J._> Amax 9 o3l y‘.&; Amin Lassls O_’éb Jl.LE.A Ai aesls Lgo-\.ﬁ: JLAJJ J\J..Z.A ai QT BE] 4§

Sl s, 90 el )l 4 by e gesls
4§._‘NJJ_A4SPSS ng‘plrj_?b."sz\.dsoébox;;A.L}@”fJ JM};UTJ‘ Abb Lﬁ’olJ)S

Lo s (6308 5 die 5 (el b 5 Y L Oy rae G353 @) (Fsar as
5w $ LS Matlab (g5l 3

6 puiiadizr O o S 5 duko ~¥-Y-)

it A Ly S g iy e S s B gl 8l g o pitndin O S
:(Farshadfar, 2005) el 5 78 & OT (psas JS& 5 258 0 oslieal finws
Y=A+AX+ B+ X, +e

D)

s oS &S Jhe —Y-Y-¥

0



VWF_4e AYaS L o(Y8) ) Loos olajd sl e
http://magazine.hormozgan.ac.ir

NMLP) &Yz O i (o8 45 by -
S i glaao¥ L oY g 2 o000 sl towbad 1S oY ke SIMLP i
o ip93 s (S S et 4 T 0 Ol @ ey oY (3505 0 dil gaY (2o S
Ll ml S Culodd colbasb V'{ LU Ol 4 B Olgs sl slaw .l e sauY 629,9
Soge 365 b ols sl Olgn 4 SO L oSl il s 035 o Olgy aY b Sl
oY b Ut 4SS K bl ¥ SE sl el gl Ol laaY sliad cowlial 5 Slas

.(Mohamadpour & Mohamadpour, 2014) aas » 0L |,

—— Bilos

Input Layer—.

- Weight| "
1\ \
X1 e ,' - -—— *m"
- = A ‘l. -
> |\
R N S SR
- (] % \ ®
- \ \ / Output Lay.
N - ™ @ uiput Layer
- e ®
Xx —E ® . /
i ®
»
Y

Hidden Layer
oY L 09 i g S S sl :TJ&J

a0 2 5,8 St 6 o KIS il g ok Vi O ey o (G059

S slaply 5 Ladss polis 8 5530 ol coglan (5,5 5 (Bls (o5 Gamlin 258

catasl) pl 55 (Menhaj, 2002) 553 Jol> (6 S (o5 chmy Dby 55 S g5k 4l o
sl QLS ¥ galaly &g 4 Ol oa | o less] ‘;w}iu

X =X — 8 ®

In ou“;l)?gk“lkjb,_w 3T o Akl K SIS 5 ol 5 b3 s Ll Xk OT s o

ol st — Sl ) K Sl e S8 (58T sl ol sy s o pI kLSS
ol bl wae el u:)yTJJJJ;‘GﬂQ\)»ijﬁ\gb‘\ﬂwd\#)l (.:u)le opl A
G 3 1 el ealitul wVai Oy s 4SS Slasiin gaods of Jyas (Menhaj, 2002) <ol

a0 sl

! Multi Layer Perceptron

2



egﬁ}m&a&@shd-\a eﬁ‘JL{ IR Chaes

Vi 89 o g o & 3 03Liul 3y g0 slaaalyl g Glasiin aods oY Jyux

Slasio dube o el
(MLP) Y s 05 5 as Skl
(Feed Forward) .z, s g
TRAINLM ESTRPOPR
LEARNGMD ks S5
MSE (s 5, Shas

(Back Propagation) _:8 , jLu! Sl o, K

S-S Gl &b
Y Olgy 4V sl
v
v Olgy aY (clady i sl
Ve
fee 653k Ol
(Sig) 4335
(tansig) 455w il el
(purelin) L=

'S b @b i)
o s N LadSls 5o bl 63k WO, sl 4 5L (55T 1w RBF el
S il Lol s b e 03l b 0Ly b @ (3505 b plas & SKos st s =l
el 3l S35 8 e cpl 0 (BT o3Il @ 4T o a(63505 4 e <53 dnmlonn (35,5 L

=Y o Lt ol & 5T Jsl gV o a4 93 ¢lls RBF el 3 9h p 03l

a3 o OS], el aly L;l@j::’-b?’ﬁi.cﬁwldbﬁ-tjjl L@;T@}f

'L.l

RBF) slai 4y ol Sy IS

. . .- =z . - . a e T .
355 o plosl Kool ads s b T, Sk s, by bl s 8 25seT Al

Ssh o s § gdal) 1 Zpk s (29 S s o 2 5 ol K o s caly cpl o

' Radial Basis Function

2 Competitive Learning
3k Means Clustering

vy



NF-ae Aras Sl ((Y0) ) v bos 2alad ol tash

http://magazine.hormozgan.ac.ir

:(Beal & Jakson, 1998)

L
PR DRA ®)
i=1

.leL@;ﬁQY}@jﬁdlﬁof&J}ﬂQjJijﬁé%cfw\i@li%g')-‘—dmg

$305 5 deka —Y-Y-Y
z . .. .. .

ST e Sl s sgd QT al sl L Sl 5 Sl (g slad a4 (63905 Lab o LU
LS'J—’ \J S92 gh Ql_ﬁw‘ dl}o UT )l oslaal L> 4; 6”}) u:“"‘-’ )}.&d c.L:AL’ Q}.’G 4.( .L'Z:L’@ olf;T
& @MM&L‘*@ (b .>}JdaJL~14.3.MTJl§ ol Olge w3 S eslimal el sl

- T . z . M & T .
= o,_.»LA LLJJ] J._’l}.?o_ﬂ co_.ZJ}Al A CE L;L&ﬂl )‘ sslazl Lv L;J.:Juuwjjﬁl L;L&Q‘.;Lb J:JA
&_M,L;Ju .bl....;‘_.»l L;AJLAl_.» B w{j? L;o)l.ﬁ.’.‘.wl E3) U’llJ‘ s )b.;il ST 9S8P0 dl"ﬁ_):*‘"
Semon g3de claesls jleslawl L1, @L& ot CeblB &Sl ol Ol 4 (o san e
J}»@ uﬁ_}.vua ngls —RE M C\.“..“..»' L;Mlﬂl.w d\}.& Cod = Ayl

SIS (53 a8 Ly (63 e S S5 08 oS 3 U 4 b e )
Shabaninia & Saeednia, ) Cwlatils gl Co2d g0 odomy 61’“(“*":‘" 8 5 ledan s (s
A o Ol 1, (g5l - ae L;&..’I&gﬁ.ljl:;'-bf Jii.(2007

Inputs IF-part Rules + Norm| | THEN-part Output

S

2 3 4 5

fnputa] | G

\

Y
s
®

)
\ﬁ\ /f/

Omput 2] (]
0

Layers:

(Sabziparvar & Bayatvarkeshi, 2010) ANFIS i s jlons :f S5

sy 55T Slaesls (g S ol y 4 el 58 s 65 51 (03 il e (3l 5
gl i 35S o OT Gl )l angs polie 5 odal s & OT del s cab gy o a3 5
ol & K8 ol 6 8 saasdlasl OLS™ 5 e S 51 Itz gl & lalh 536 — nae ks
oy ol s oS 18 e il a ) LY

u.a;’;.i.»ﬁjf Ja..uy"d..{:‘}&un oslazul aJ? @U Ulee @ (639,9 B mxe Cu suae Cly N aV

'JbJ?Lf‘

A



‘JMM@&S“JM eﬁb"{ IR Chaes

oy ol a5 5550 06 Sz 8ty ekl S oo S 4 Y ) 568 Lar caY
ol 9 Lshp o0 o 03 (60909 W 0T 1> o ol 2o o 8 4¥ 1305 8 558
AT o s el OB Oy &

A8 g ol 1 WO B (i O35 stlon Jos caY l 530 8 8 ¥ saY

Ll Jozin g Y o $lo S 5 b3 plad 4 &8 5 o5 &b @yl s o5 A f Y

1> edge n L A0S (g 5 ol hnmer saihy 5 Sl O o X Y ol o0 S 0 suY
ol ABly g g aSE Sl ke Cs 4 g sl Skl JBlas 4 OT s

5 Pl e ot (e (G5 (nl 03 ANFIS (Slaars dia o g G sl o
Cosmie o5 2l 5 (53505 Cosae wl (Hlephin B (2] rﬁau@‘ s b sy Ol
bssss @l OT sl 5 (s (sl () Cyss EF g5 s Ll Gl sla T
chd e b e G o4 B s S

35 S 5 oS oS S slaBisd e Jals e s ANFIS (0355 oy puas &y
bl o ol o g S Jals (St oy S 1555 35 s Jol 5 st K
oy Olsr 5 SUlay ez Sl ite (a6l (G 0l 03 ANFIS (Glaes das 0 2 (e
ool Cosze mlg sl 5 (63505 Cysis mlg Slepkin i) (BT fu;@ e b
Al | (il

s s izl — Y- ¥

Ladas o lzel daesls 03,8 (365 Sl e ok Sy81 0 5 0dd odalin ,slis woax 5 b Culg o
— S s RMSE! Ut Sl o s aiy, oslin cambos b (Culo 10) Waesls 704 (gl
(Issak and Srivastava, 1989) i plsilV b o (galal, | MAE"¢3s s NSE' Sl

> (2(x,) - 2% (x,)°

NSE =1-| L
Z (Z(xl.) _ Zmean )2 (é)
i=1
R * _ (s)
MAE = — 21 |z " (x) - 2 (x)]
1 & i
RMSE = |=> [z (x))- 2 (x)]
n o
Q)

' Root of Mean Square Error

2 Nash-Sutcliffe Efficiency
3 Mean Absolute Error

14



VWF_4e AFaS L o(T0) )

http://magazine.hormozgan.ac.ir

dhos ola b sl rass

4J.EJJH Ra (Godd ng;oj\.ﬁ\ Jlada Z(Xl) cJ.EJAJ)A R (Godd JJ)T_}{ Jlags Z*(Xl), of BE s
—US:\_’ %HNSE s L}_LEA u,:ivl_:ﬁ MAE aesls sl n 4;:.&../1 L;loMLJﬁ.A A.I’Si'l’?" Z, mean
ol ot Sl a5 Kks cazy, RMSE 5 LSSl

() Lasl -¥

=z Py & . . Z - & - ——M N -t
J&L;J*—*‘}i‘u—“\“‘;‘—’ ‘oﬁ‘;}_g:y Jhuwjﬁéjyduwdjbl UW@LJ

Cwlodds Ajbl\"d)-\a- BE cg’;\.il..»/\i; B 6»\.: ML»JB Q‘J’.?A} ;.)UIJJV:.& L;L&axx‘.ﬂ

o 3y 50 Sl e (5T Olasie ¥ Jgdx

s O Ay aeS Sl als Joeess
VYA/SY FEe Y. YA/ Y YA (o o) SUl3) o2
SYI¥A YA 8/ SANNE Yev/Y (53 p5) Gale B Ol
YRV /o5 Yr) VAV \A44 NYE () gl |
VA /5 & 4 /st £Y (h) s
\$/s Ve W/ Ve () o5 K 9 Kiw
\A/SY A+ Ya/sa A ) S iy
Y/eA \$ Y a/ar \E (1) S cusb,
/YN S\ A IV a/Ad (ds/m) S =SV cylun
AIYs YA/ /Y- \¥/AY Ys/s %) Kal
YYD VS/§ Vs av/af VE/A ) £
/o /4 VAN /o \/AY ) JT a5
/YA Y /oY s A ) sl
SIYA * /v VA4 AN (mg/kg) Cl> LU ,aud
\YS/VA YA \EE ¥V/Yo Y8 (mg/kg) i b6 vl
YA /¥ vs \, FAIV: ss k) o
A/sy £Y s Ys/va Ys (h) cdw
V0/4) o8 Y Yo/ f of (h) oy
£/5A YA/4 AR Yo YA/SA ke 0351
/Yy £/ AR §/+4 \RAL peedS 0558
V/AY v \ £/¥ % 68 slaw
A3 \ VAls As TN Sz parl
A YV Vo YV 05l sl
/Y AV +/of AV O St 25
S S 5 doa



‘JMM&JG“J“@.‘JKM)JH VT

55 LT Guilily (st 3o0 ol ad a (iulu b Olsm 5 Ol = @}-:Ufj g el ol =k
NASH MAE (sLa ot ulal s g £ g o szl s Colonkd o0ls OLES € g

Clodls 45‘)‘ o djv\?: BE ﬁ‘; RMSE 9

. T . é - CRrY
Ul ez 9 @5y 2091 2 (G S 5 At S Sliasiia if Jgur

K] s _ e 05831 F O3
S Sy e ) Jos disl g o o S ANOVA
o o

Xi= (1) S ity Sash,

Sl oz o - Xo= ot B i .
2 Uy, e = -106.4+156.73 X, oA 2 JB s -
() +39.99X,- 8.78 X5- 7.13 X4 Xa= b by doys

Xa=(h) anls Ol
. Xi= (4) KaT Ol
dl}:.n
L Uil O3 =104- 1.9 X Xo= (1) J 03555 2o
o) 869.6X>-1.3X5-44.24 X, At X3= 2l sy deo (RA\s
f +1.49X; Xa=() JT o5
(G=N

Xs= (1) el et

G35y i Jea 0310 Jgur

il el RMSE MAE NASH
0315 ¢ # Fisel eelasl gyl bl el ot las)
(o () Sl g2 FEE/AN FYA/YD ¥y /sy FYA/AY sV s
(d 3o r,f) ol O 50 £$IAV £5/5§ /s /Ay /A48 /447

u“"il—"‘"/\ o Jiﬁzjé ‘@wutx—l}uwyT dLba)\) 6‘4"3 g Joe U’“J‘f’ &jg J\J}«S e

Cwlodls o3l

1600 - 3000 -
2=
1400 - o 2500 R#=0.6691
~ 1200 - 2
i 1000 { R =0.3518 l 2000 +
% 800 - ® " 1500 -
3 600 - 9
?5 400 | A}ﬂ 1000 -
3 200 % o i, 500
J [ ) O
zog 10'00 20'00 0 * ' ' '
- ﬂb 1000 2000 3000 4000
-400 L -500
(‘s.w ¢5“‘)£5| vl _iwo AT’LJS) (s‘“ 6‘“)6| osudl_iw Sllg,

2 ki 8l Gse Sy i doa 0555 331038 JSS (7 a8\ Gy Ky i Jea 255 3\ p 20 IS
(7 ylas) glaosls) bl (50T slaesls) SUly,

Ve



VWF_4e AYaS L o(Y8) ) Loos olajd sl e
http://magazine.hormozgan.ac.ir

200 R? = 0.4458
-, 200 R2=0.3086 ‘
a

3 3
E 3 180
_ -
E 3 100
9 9
[ 50
: !
:;: . ‘ _i ’ '
2 500 ° 50 100 ~ 400

(Gt 53 p55) sl ovaliio Sl 2 S0 i 55 055) (sl oaliio Glglus 3

Oy yeiio Sl (G g S ) At Joka 2 55 331 oA S Ojop o 12 (530 Sy iy doba 035 3310 2 IS
(s i) S B0313) oyl (50T slaosls) il b

s b S sadibs

s NASH MAE La axls oluly eae oKl die Gl (oo gl e Ll daaly b
Si dus g By Olge a sl 4l &b sk OT las o conlonss &1 5 i ,5 RMSE
Sogmad A 6058 o (B ma ol Olsn 5 CUloy o Jald (c 2550 soiie 93 2 (gl e
Olpr 5 DUl e by (s lzsl 5 (2550T (slaesls (sl (omar 4 g doe (2510 (2555
ol onls 2aled VY 8 IS s ¢l



..EUEM&J;@&\AJMG"JL{&)J-‘Y Chas
o oas WS Ky S 135128 Jgdr
s Je Wlasin RMSE MAE NASH
Sy Qv Olgy Y slus _ _ _
Sl . ) S e sl S0 melasl o gl o las)
2 Jus! (@Y 83,9)
MLP 5,43  Tansig ()Y aYyY/Yy $5SIVY Yo /st fsa/sy /ot - /Y
MLP 5% Sig ()Y YAS/oY YYY/AL \Va/4 \SV/AY A /oY
MLP  s,i Purelin ()Y VO4Y/PY AVEA/YA VVEV/YY \YS/AY —Y/Yo S\YAA
= RBF - Y Y VAN N \ V /a4
<blyy  MLP s, Tansig (*)Y ¥V /0A FAA/A4 YAY/ N YAA/NO IAS /YE
gw) MLP s Sig (v)Y AN/ YY YAA/ oY Ysa/s0 Yst/00 VY /Yo
(o MLP 5,4 Purelin (*)Y £20/A% LAGVALY YVA/BN YSE/AN VY ¥id)
MLP  s.&y  Tansig (V)Y \YE /o8 Av v /AA AY/af $SE/4Y -V/ay -\/WY
MLP  5,ée Sig (V)Y Fav/¥ VE4/¥A \4f/5Y A V/8) VYA /A
MLP  s,i Purelin (V)Y ¥ /YY YAV/YY YAD/\Y YVV/EY /58 ¥in%
MLP  s.&y  Tansig (V)Y \A+/8$ VA /¥ \fa/vs \YA/YrS AN /NS
MLP 55 Sig ()Y fa/vs ARVAN Yo/t Y\/YV < /44 AN
MLP 5,4 Purelin (V)Y VVA/SQ V05/44 A¥/VA R dAni </aY VI
o RBF . ey ya AR AR <148 A
gl MLP s Tansig ()Y £O/AY £5/¥\ YY/AS YO/fEY /48 ALY
pf) MLP  s4e Sig (*)Y aF/VA ¥a/ v rV/as ¥4 AR /340
Gad 5 MLP  s,i Purelin ()Y a+/\A Y/ £V /v LEVAR /aas /440
MLP  s.&y  Tansig (V)Y AA/A $\/00 £/ AT/ /af AN
MLP  sin Sig (V)Y £A/A YY/ss \4/Y§f Ve /av /a8y +/43A
MLP  s,.i Purelin (V)Y £S/AY YV/$a Yo /54 Yo/ /aas ALY
4000 )
RZ —0.987 3500 R2 =.0.98
2, 350 A
—i 300 l 3000
D 250 ? 2500
_
3 200 K 2000
\{2 150 j 1500
< 100 15 1000
),
3 s0 500
N 0 0 . . . :
0 200 400 1000 2000 3000 4000
(G 330 5) (g osaliio il 8 (o o) (8! oaline Sbilg,

Ol yen ks by o 85 dobo 0 55 310 10+ S

(3T slaosls) jilu

VoV

(3T slaosls)

UV‘JJF’NWM&MJ*‘@JQ‘;‘)‘)"J&



VWF_4e AYaS L o(Y8) ) Loos olajd sl e
http://magazine.hormozgan.ac.ir

R2=0.983 1800 - R =0.975
90 - 4 1600 - .
7 80 - 3. 1400 -
3, 70 2 1200 -
= 60 1 2 1000 -|
350 - 2 800 -
o 40 - Y 600 -
< 30 - y 400 -
-{ 20 ~ 200 -
~ 10 4 0 ' i
0 ' v 0 1000 2000
0 S0 100 (= ) ) caaline Sllg,
(e 33 £55) Gl ovalie Julwyd

s by (e 4 o (0 55 55 VY IS
(e )bt swosls) Ul

Oljon ebin dingy (oot 55 doke (055 350 11 Y S5
(i ylel glaosls) il B
$3Bg 5 Jue
s NASH MAE (sLaasls ol (63655 doe Gilsn o gy o aminslizel 5l Jols s
Olge ay do e w9y —glad s B9y gl o ol =B Gk Cwloas SV Jyu- 5 RMSE
Sl 255 s sad 1 el ol b Osen 5 Sloy o Jald () 2050 e 93 5o gy Jia
S S s il b Ol 5 Uls, o el (o lzel 5 (55T laosls (sl (65655 aner dute

Cowlodls el &L«: \$ By

GV — e 4 A dua b1V Jgur

)58 b e Olasis RMSE MAE NASH
s wa QU Sl g6 F9) L L _
e , . sl bl el amlasl Gl el
i e A
S (*) e Backpro  f/4f AR \NE Y Ve Ve
R (*) i Hybrid ~ Y™+/A  YEVAS  YYV/EY AW VY VS
S (") £ Backpro  /\8 Ay Y N Ve Ve
= S ) w)f Hybrid — aY/+§  acf/AV  ¥AVYd  FAV/SY « /oy /A
< g - Y Y N AN /AN /AY
S (¥) e Backpro VAV V/AA i VI /oo Vo
2 (%) Hybrid 00/ ¥ Ya/n. Yo/$A AAVARY /A4 WAL
e S () 5 Backpro  +/f\ VS iy ¥ A Vo
) . S (*) 55 Hybrid ~ f\/A\ FY/$ YW/48 YY/AY “ /a8 /a4
b gt - YAls o n A < /AA /2

Vo



--‘U‘M&*“@«S\AJM@.‘)L{M),H VT

1800 - _ 4000
5 1600 R¢ =0.988 R? =.0.979
3 1400 | )
% 1200 - )
X 1000 - Ny
9 800 - 2
3 )
600 - 6
3y 400 %
200 -| 3
0 , ,
()} 1000 2000 0 ; : ; ,
0 1000 2000 3000 4000
(= ) &) ovaline Sllg, (s o) 5! oalito Slils
(7 e Sl ey G35 ke (0 65 51 1 E S (7 ks 8 dingy 3095 e (55 B3 VY S
(7 ylzs! slaosls) Ul g, (5T slaesls) SUly,
350
100 - N
31\ _;) 300 -
3, 801 R? =.0.989 4@ % 2507
260 - X 200 -
by 9
a < 150 -
G 401 @ 100
\ 4
2 2
2 20 T 50
B = 0 T 1
1 0 T 1
(] 200 400
0 50 100 . - T
(it 3 055 sl ordliio ol b (2 slovaliio il p
. . o O yen yeiin 81 diy S50 95 do g 55 iyl 208 JS
c‘)”.eﬁa;a‘51134%‘5)\.53):&]-\»@'};;&:)\)4:\9&}& Ol piio 1 g 3855 J @}s"-")ﬁ Jg‘d
(i Slaosls) iyl b (ise) slaesls) Al

Vo0




O =YY A4S JL@;. 4(Y0) Vv o‘b.“au UV.LLAJB Lguumﬁs};.g‘
http://magazine.hormozgan.ac.ir

6 8t 5 o

b ety by e ot e S st i 53 o8 15 0L G ol S ol s
Lt i 5 aiS n a5 1) Ul e Dli do s A (STl e Oljs 5 (2B By doss il 6
A3 5 am g i U ay o 5 S JT S S i a5 05,55t s «SaT Ol
U Gy de s Gl G b 5 AL iy s 25 ) a3 e Gl b Ol o
S il «Sal L opdle AL GaaS (S by L) sl ol fyli Oli 5 Sl o hals
Lieskovsky & 2014, Refahi, 2006) 45" L;,f)_b- =T ol s gl 5 5o 3 Sus ea S 5l e
22T a5 i cs 3 00l 5 a3 (605 bl (T Ob L e blis 3 043 Bl b &L (Kenderessy,
G sy i g J1 50l i 53 zes (Zhao et al, 2015) 55 o oeie SUly) Ol O3 oS 4 o STl
3 il a5 B ST (T 0,8 5 S 055550 doss e b 1Sl told Olpe y alS
OT ot o 5380 i Sl JTasle 5 008 il a5 (5 0aY slsn 035391 b AL o S i
o St il 20l a5 STl Ol s cdnails ssg S s OT ()06 i il
s o s Vsl Gl fasn s Ghiled a b S S dae s ST IS 05508 i Ko
Oacss b o oman dlen a4 am g bl Sl oyl s S5uesS ool gl 4 e ol clas S
3 35t gt ol ass Galed 5 Sl s S sdue s 65 gl o3 L 5 g s el
SLaAy 3 s S ealgls 5 e o b e WsS e 3 b oatly ol s sl 4 ST sl
U G b Ul e LS s S By e s s (B 053 ) SLOLL & b s
- Sl bl ol s e 518 33 2015) 1K 5 Ebrahimi b g GUls; ¢s,5 sl sl
“sim e s 3 AE sy anns 5 i o o blsy 5 Gl DS i g gl clae&ans s
3 bt (B pls Gy b 1 5 sl il ol a5 e (e L) S Olge w OT Sl eslinal 5 T gla
et 3L T T 1 e S5 s G i3l (D) cppr SDUIss 5 el fams o & &l
o Sl 5 05 gl seBans 555 o5 1 sl 0 G131 (sl ime sb 4 Gl Ol e
B o gann sl fane oSS il Olgie 4 el 5 Jlaggd (31 s S iy s 4
il S S5 gl o = A e Ol 4 ST 2500 L e 85 o 3 Sl o 2l & r S s s
S e P ISR SV RPN L SR G CIN-S 3 RV K SN e3Y Ol Jles Bvee OT
e b3 ety S e tole b Ol 5 STl ST Olsn o 313 O ol Gl s (oo b 2 5
53 5 Jea 5 00 oS ol o T anglie 5 KoT Ly STl S5 g sl & 5l 355 S £
3L aer ol 5 WIS o el ns

G sxn sk 4 bl e Olsee «ST1 o pe 03 Ol (133l b &7 0l OLS oo ol S (imas
L, » (Vaezi et al,, 2008) S'Us & l3 31 5o STl o OT g pdsdsss ol @ o pl bl ol

d_;“‘ 6LA4_’;.5\{.5J U‘i‘il ég“_M«:'JlJBJ;' gb’l”ﬁpgg{b’- Qélg&;;;‘b&né@b&&b ULGJ\JA:C_MJ

V5



AJM@A&@G\AJ-\A@'UK@)} Chows

e gadaly (Uil o L ST il LB el g ki Sosb) o s g e Ol w1
L 630 oyl Oy, » ST oty usby 3o 5t 4 59 2013) 0L 5 Kavian olidss b odalis
23 TTesls 5 S sl 5l Oy, sl B bal, ool 55 ol e Ol b s ol slawdl
il oo gb, 42003) O, 5 Santhus «(2010) O1,Kas 5 Kavian ((2008) 01, 3 Vaezi «ligxs
Sligss s ALS sy g5 2003) O1,SCas 5 Castillo (2010) O1LSeos 5 Kavian ligns 53 Sl
9 &l_fuwy Lo, (2005) Puigdefabregas 4 (2009) O1,\SKaa 5 Foltz «2010) OI,Kea 3 Najafian
IS i ol 36 e caloas 3,158 U3 2015) O Kea 5 Ebrahimi ligss s o
Olddms ol gladadl b isy ol @L:.i 1 €555 0 05 (2016) Zoratipour & ArabKhedri olag=y s cos
D13 (g st

a3 any Gl G S5 sladas (AL i bl @) ame Jalse O3 Sslite e b
CUl, s anlb b ol b sbal anl b o 587 blaal ua Ol5 0 bl 5o 5o Gl b Olse 5 SUly,
Ol 5 Pl o it 53 it 03 10 o b6 d 5 ¢ o S sladin dir o el gz SLIS”
@S (355 5 (p s (omas b gladie 8 cwl OT Sl S fols mls Js cas o S 2ol b
Oimn g S 3T sl ie 5 (S35 Ll O ook Aeos o 0 40 il bl 55 ol e 0 (6%
~dis o3l 4 el ol s s S s die a5l et ot cdie oS Culeddt o e o tale i 5 Ul
2016 & Abrahart and White, 2001) wils g0 555 5 o3 ¢ o san oae 8500 dile st 2 cla
Negaresh & laasl b ol 2ass 5 S S 5 sbdis & Cod rae S5 sladus 55y (Mohamadi,
L;}.“..»ij cdi & cod by 5 5 (2013) O1,Kas 5 Khazaii 5 2011) O1,Ks 5 Vali «2012) Aramesh
s g gead 5 Sl iole by Ol (ileand 55 (2010) O1LSes 5 Sabziparvar =l

u_‘..“a.u’:.:_gtgJJI;S@&MA.:Q@UM@JMJ@JOT}'JG&M‘@\)I&B@ch
55 40 Jis ol NSE 5 MAE RMSE (slo ot (55 4 853035 (s 3250 oicn 33 b 5355
ol mb Sl ol Olpe 3550 55 /A 50 /008 /0 5 Dbl = 25 3 A 5 NE e/iYe sl
53 Olgs o 1 LSl el J 5 a6 ity (W05 Sl eV Oty eSS & s olad
B LSt aas w0 ) s 35 5aT sty aaSCE Gl 5L 2 )5m Ol & S el ST Sl
Sayyadi et al., ) 1o ls, 5 5 S stln 5, Shae 51 A8k s 53 Slsld 639,9 Glls 8 Sl elad
dis g 5585 s clll Ly s &l 0 (iin Y1) G ) 03 (2909 L nie sl O s WL (2009
st Ly (355 de o 0l 0L Jole s man 3l Vi O st ¢ Comd 5l gy s oS0
Gl Ol 9 QUly) oo Jols (as i 30 50 ot 93 8 GBS Gt @ B ed ) —pled s )
e Sl AY 5 AN e dslae o5 5 4 NSE s MAE RMSE (sl jaxls dayly opl s .ol

claasl U (sloy s dus VUL coss) oo onl b Jols ol Olia sl /88 5 /Y e Y g Ol

AR



Lo S L (Y)Y s ol b Gl e
http://magazine.hormozgan.ac.ir

s Salajegheh 4 (2013) Ghafari & Vafakhah @l_:; L g gy i 3,91 5 43 (2010) O, Kea 5 Moayeri
Bl g gt DBl (oSleand 53 (2009) O,
Gl (Sl g s Bl o Fodams 51 (S il s DUl Oy 8 23 8 s i Ol S 5
Slead cils » W) <l =9 Dl Olye s iz 2 s (ol o «(Yosefi & Poorshariaty, 2014)
ladion i Eos 53l8s 5 5 s 03 sladin (K5I8 Jolss sl 2 GLdbl o b cncb
Dbl e L e 4SS (B s diadien ladie W e la) 55 gty (21T 5 2B S S
oz 9 (b b bolg) calis o VL LK s @ n e w) —lad i sk bl s s sled

Lad o olgiy 5aS alia 5T Lo b s Sl Gblu s Ollg, 5 iolesd ileans ol

REFRENCES

1-Vali AA, Ramesht MH, Seif A, Ghazavi R. An assessment of artificial neural networks (ANN)
technique to  geomorphologic  modeling  sediment yield (case study: Samandeh
watershed).Geomorphology and Environmental Planning. 2011; 22(4): 19-34. (In Persian)

2- Quansah C. The effect of soil type, slope, rain intensity and their interactions on splash detachment
and transport. Journal of Soil Science. 1981 June; 32(2): 215-224.

3- Perez-Latorre FJ, Castro LD, Delgado A. A comparison of two variable intensity rainfall
simulators for runoff studies. Soil and Till. Research. 2010 March; 107: 11-16.

4-Pan Ch, Shangguan Zh. Runoff hydraulic characters and sediment generation in Sloped grassplots
under Simulated Rainfall condition. Journal of Hydrology. 2006; 331: 178-185.

5- Hosseini SH, Fiznia S, Payrovan H and Zehtabyan Gh. Runoff and sediment production of the fine
Neogene formations using rainfall simulator (case study: Watershed Taleghan). Journal of Range and
Watershed Management. 2009; 62 (2): 215-229.

6-Defersha MB, Mellese AM. Effect of rainfall intensity, slope and antecedent moisture content on
sediment concentration and sediment enrichment ratio. Catena. 2012; 90: 47-52.

7- Martinez-Murillo JF, Nadal-Romero E, Regiiés D, Cerda A, Poesen J. Soil erosion and hydrology
of thewesternMediterranean badlands throughout rainfall simulation experiments: a review. Catena.
2013; 106: 101-112.

8- Zhao Z, Huang J, Gao X, Wu P, Wang J. Runoff features of pasture and crop slopes at different
rainfall intensities, antecedent moisture contents and gradients on the Chinese Loess Plateau: A solution
of rainfall simulation experiments. Catena. 2014; 119: 90-96.

9- Zarekhormizi M, Najafinejad A, Noura N, Kavian A. Effects of slope and soil properties on runoff
and soil loss using rainfall simulator, Chehel-chai watershed, Golestan province. Journal of Water and
Soil Conservation. 2012; 19(2): 165-178. (In Persian)

10- Habibzade A, Nikjou MR, Peyrevan HR. Investigating the runoff and sediment yield in marl
formation of East Azarbaeyjan. Management and Geography Journal. 2013; 17(43): 71-91. (In Persian)
11- Ebrahimi N, Eslami AR, Sharifi F. Runoff threshold estimation using rainfall simulator in field
plots. Journal of Watershed Engineering and Management. 2015;7( 2): 211-222. (In Persian)

12- Zoratipour A, ArabKhedri M. Assessment of The Effect of the Rainfall Returns Period and Pattern
on The Hillslope Erosion on The Catchments (Case study: Heshan Basin). Journal of Irrigation Science
and Engineering. 2016; 39(4): 123-132. (In Persian)

13- Cigizoglu HK, Alp M. Generalized regression neural network in modeling river sediment yield.
Journal of Advance in Engineering Software. 2006; 37:63-68.

14- Alp M, Cigizoglu HK.Suspended sediment load simulation by two artificial neural network
methods using hydro meteorological data. Environmental Modeling and Software. 2007; 22: 2-13.

15- Heng S, Suetsugi T. Using artificial neural network to estimate sediment load in ungauged
catchments of the Tonle Sap river basin, Cambodia. Journal of Water Resource and Protection. 2013; 5:
111-123.

VoA



Aé}&@ﬂi@é\hd-\»@b‘fgﬂ)ﬁ Chows

16- Jajarmizadeh M, Harun S, Salarpour M. An assessment of a proposed hybrid neural network for
daily flow prediction in arid climate. Modelling and Simulation in Engineering, Hindawi Publishing
Corporation. 2014; 11: 1-11.

17- Roushanghar K. Evaluation of ANFIS machine learning approach for predicting of a local scour.
International Conference on Civil, Transport and Environment Engineering (ICCTEE2013) Penang
(Malaysia). August 2013; 15-18.

18- Tahmoures M, Moghadam Nia AR, Naghiloo M. Modeling of streamflow- suspended sediment
load relationship by adaptive neuro-fuzzy and artificial neural network approaches (Case study: Dalaki
River, Iran). Desert. 2015; 20(2): 177-195.

19- Dastorani MT, Sharifi darani H, Talebi A, Moghadamnia AR. Evaluation of the application of
artificial neural networks and adaptive neuro-fuzzy inference systems for rainfall-runoff modelling in
Zayandeh_rood dam basin. Water and Waste Journal. 2011; 22(4): 114-125. (In Persian)

20-Falamaki A, Eskandari E, Baghlani A, Ahmadi SA. Modeling total sediment load in rivers using
artificial neural networks. Journal of Water and Soil Resources Conservation. 2013; 2(3): 13-25. (In
Persian)

21- Ghafari GA, Vafakhah M. Simulation of Rainfall-Runoff Process using Artificial Neural Network
and Adaptive Neuro-Fuzzy Interface System(Case Study: Hajighoshan Watershed). Journal of
Watershed Management Research. 2013; 4 (8): 120-136. (In Persian)

22- Yosefi, M and Poorshariaty R. Suspended Sediment Estimation using Neural Network and
Algorithms Assessment (Case Study: Lorestan Province). Journal of Watershed Management
Research. 2014; 5 (10): 85-97. (In Persian)

23- Eshghi P, Farzadmehr J. Dastorani MT, Arabasadi Z. The Effectiveness of Intelligent Models in
Estimating the River Suspended Sediments (Case Study: Babaaman Basin, Northern Khorasan). Journal
of Watershed Management Research. 2016; 7 (14): 88-95. (In Persian)

24- Menhaj MB. Introduction of artificial Neural Networks. Amirkabir University Press, 2nd ed, 2002.
(In Persian)

25- Misaghi F, Mohamadi K. Rainfall-Run off Simulation by Artificial Neural Networks. 6 th
Conference of International River engineering, Chamran university of Ahvaz. 2002. (In Persian)

26- Vahabi J, Mahdian MH, Investigating the effect of edaphic parameters on runoff using a rainfall
similator. Watershed Management Researches (Pajhohesh & Sazandegi). 2009; 83:11-20. (In Persian)
27-Walkley A, Black IA. An examination of Degtjareff method for determining soil organic matter
and proposed modification of the chromic acid titration method. Journal of Soil Science. 1934; 37: 29-
37.

28-McGill WB, Figueiredo CT. Total nitrogen. In: Carter, M.R. (Ed.), Soil Sampling and Methods of
Analysis. Lewis Publishers, Boca Rton, F.L; 1993.

29-Olsen SR, Cole CV, Watanable FS, Dean LA. Estimation of Available Phosphorus in Soils by
Extraction with Sodium Bicarbonate. U.S. Dept, Agr, Cir; 1954.

30-Simard RR. Ammonium acetate —extractable elements. In: Carter, M.R. (Ed.), Soil Sampling and
Methods of Analysis. Lewis Publishers, Boca Rton, F.L; 1993.

31-Zarinkafsh M. Applied Soil Science, Soil Survery and Soil- Plant- Water Analysis. 1nd ed. Tehran
university press. 1993. (In Persian)

32- McLeen E. Soil pH and lime requirement. In: Page, A.L. (Ed.), Methods of Soil Analysis. Part 2.
Chemical and microbiological properties. Agron, 9, ASSA-SSA, Madison, W1, USA; 1982.

33- Sedighi F, Vafakhah M. Javadi MR. Application of Artificial Neural Network for Snowmelt-Runoff
(Case Study: Latyan Dam Watershed). Journal of Watershed Management Research. 2015; 6 (12): 43-
54. (In Persian)

34- Farshadfar EA. Multivariate principle and procedures of statistics. Razi university press. 2005. (In
Persian)

35- Mohamadpour R. Mohamadpour F. Prediction of local scour around abutment using ANN and
ANFIS. Water Engineering. 2014; 7(1): 11-28. (In Persian)

36-Beal R, Jakson T. Neural Computing: An Introduction. IOP Publishing Ltd. 1998.

37- Shabaninia F, Saeednia, S. Fundamental of Fuzzy control texbox using MATLAB. Khaniran press,
2007. (In Persian)

V-9



VFZ4e ATAE Sl o(Y8) ) s fole b sl s
http://magazine.hormozgan.ac.ir

38- Sabziparvar AA, Bayatvarkeshi M. Evaluation of artificial neural network (ANN) and adaptive
nero-fazy inference system (ANFIS) methods in total sun light radiation simulation. Iranian Journal of
Physics Research. 2010: 10(4): 347-357. (In Persian)

39-Issak EH, Srivastava RM. An Introduction to Applied Geostatistics. Oxford University Press; 1989.
40- Refahi HG. Water erosion and conservation. 5nd ed. Tehran university press. 2006. (In Persian)
41-Lieskovsky J, Kenderessy P. Modelling the effect of vegetation cover and different tillage practices
on soil erosion in vineyards: a case study en Vrable (Slovakia) using WATEM/SEDEM. Land
Degradation and Development. 2014; 25: 288-296.

42- Zhao C, Gao J, Huang Y, Wang G, Zhang M. Effects of vegetation stems on hydraulics of overland
flow under varying water discharges. Land Degradation and Development. 2015; 27: 748-757.

43-Vaezi AR, Bahrami HA, Sadeghi SHR, Mahdian MH, Spatial variations of runoff in a port of
calcareous soils of semi-arid region in northwest of Iran. Journal of Agricultural Science. 2008; 15(5):
113-123. (In Persian)

44- Kavian A, Asgariyan R, Jafarian Jeloudar Z, Bahmanyar MA. Effect of Soil Properties on Runoff
and Sediment Yield in Farm Scale (Case study: a part of Sari town,s neighboring Croplands). Water and
Soil Science. 2013: 23(4): 45-57. (In Persian)

45- Kavian A, Azmodeh A, Soleimani K, Vahabzadeh G. Effect of soil properties on runoff and soil
erosion in forest lands. Journal of Range and Watershed Management.  Iranian Journal of Natural
Resources. 2010; 63 (1): 89-104. (In Persian)

46-Santos FL, Reis JL, Martins OC, Castanheria NL, Serralherio RP. Comparative assessment of
infiltration, runoff and erosion of sprinkler irrigation soils. Biosystems Engineering. 2003; 86(3): 355-
364.

47-Castillo VM, Go'mez-Plaza A, Mart1'nez-Mena M. The role of antecedent soil water content in the
runoff response of semiarid catchments: a simulation approach. Journal of Hydrology. 2003; 284(1-4):
114-130.

48- Najafian L, Kavian A, Ghorbani J, Tamartash R, Effect of life form and vegetation cover on runoff
and sediment yield in rangelands of Savadkooh region, Mazandaran. Journal of Rangeland. 2010; 4 (2):
334-347. (In Persian)

49- Foltz RB, Copeland NS, Elliot WJ. Reopening abandoned forest roads in northern Idaho, USA:
Quantification of runoff, sediment concentration, infiltration, and interrill erosion parameters. Journal of
Environmental Management. 2009; 90: 2542 2550.

50-Puigdefabregas J. The role of vegetation patterns in structuring runoff and sediment fluxes in
drylands. Earth Surface Processes and Landforms. 2005; 30: 133—147.

51- Mohamadi S. Studying the Relationship between Environmental Factors, Runoff Characteristics
and Infiltration Depth Using Rainfall Simulator in Northwestern Rangelands of Iran. Journal of
Rangeland Science. 2016; 6(3): 205-220.

52- Coulibaly P, Anctil F, Bobee B. Daily reservoir inflow forecasting using artificial neural networks
with stopped training approach. Journal of Hydrology. 2000; 230: 244-257.

53- Abrahart RJ, White SM. Modelling sediment transfer in Malawe: comparing back propagation
neural network solution against a multiple linear regression benchmark using small data sets. Physics
and Chemistry of the Earth. 2001; 26:19-24.

54- Negaresh H, Aramesh M. Drought prediction in Khash city by artificial neural network model.
Journal of Arid Regions Geomorphologies Studies. 2012; 2(6): 33-50. (In Persian)

55-Khazaii M, Sadeghi SHR, Mirnia SKH. Application of artificial neural network and regression
models in sediment yield in plots located in disturbed and undisturbed plots in educational and research
forest watershed of Tarbiat Modares University, Iran. Iranian Journal of Watershed Management
Science. 2013; 7 (21):11-20.

56-Sabziparvar AA, Zareabyaneh H, Bayatvarkeshi M. Model comparison between predicted soil
temperatures using ANFIS model and regression methods in three different climates. Journal of Water
and Soil. 2010; 24 (2): 274-285. (In Persian)

VY-



Aé}&@ﬂi@é\hd-\»@b‘f@;ﬁ Chows

57- Sayyadi H, Oladghaffari A, Faalian A, Sadraddini AA. Comparison of RBF and MLP neural
networks performance for estimation of reference crop evapotranspiration. Water and Soil Science.
2009; 19 (1): 1-12.

58- Moayeri MM, Nikpoor R, Hoseinzadeh Dalir A, Farsadizadeh D. Comparison of artificial neural
networks, adaptive Neuro-Fuzzy and sediment rating curve models for estimating suspended sediment
load of Ajichay. Water and Soil Science. 2010; 20 (2): 71-82. (In Persian)

59- Salajegheh A, Fathabadi AB, Mahdavi, M. Investigation on the efficiency of neuro-fuzzy method
and statistical models in simulation of rainfall-runoff process. Journal of Range and Watershed
Management, Iranian Journal of Natural Resources. 2009; 62 (1): 65-79. (In Persian)

BB



Quarterly journal of Environmental Erosion Research Extended Abstract for Review
http://magazine.hormozgan.ac.ir

The Efficiency of Artificial Neural Network, Neuro-Fuzzy and
Multivariate Regression Models for Runoff and Erosion Simulation via
Rainfall Simulator

Sedigheh Mohamadi*'. Associate professor, Department of Ecology, Institute of Science and High
Technology and Environmental Sciences, Graduate University of Advanced Technology, Kerman, Iran.

(Received: 25/10/2016 Accepted: 30/05/2017)
1- INTRODUCTION

According to the complexity of environmental factors related to erosion and runoff, correct
simulation of these variables find importance under rain intensity domain of watershed areas.
Although modeling of erosion and runoff by Artificial Neural Network and Neuro-Fuzzy based
on rainfall-runoff and discharge-sediment models were widely applied by researchers,
scrutinizing Artificial Neural Network and Neuro-Fuzzy models based on environmental
factors has been paid less attention. Therefore, this study aimed at determining the efficiency
of different models including Artificial Neural Network, Neuro-Fuzzy and Multivariate
Regression for runoff and erosion simulation using rainfall simulator in some catchments of the
North-West of Iran selected in terms of the same rain intensity of half an hour with a 10-year
return.

2- THEORETICAL FRAMEWORK

Modeling runoff and erosion relations with environmental factors under prevelant rainfall
intensity in a watershed scale are considered as the novel aspect of recognition of these
complex relations. In this regard, implementation of determined rainfall intensity in a
watershed scale is needed in the utilization of rainfall simulator apparatus. Also, the
complexity of runoff and erosion relations with the environmental factors is the reason for the
application of different models including Artificial Neural Network, Neuro-Fuzzy and
Multivariate Regression. In fact Artificial Neural Network models are able to recognize the
complex and unknown relations based on working as human brain. The simulation by these
models finds importance when these relation have a non-linear feature. Parallel and
Distributive processing of information and interpolation ability are major properties of
Artificial Neural Network and Neuro-Fuzzy models characterized in the utilization of these
models in the correct simulation of complex relations.

3- METHODOLOGY

The establishment of rainfall simulator conducted at 86 sites and 21 environmental variables
(the characteristics of topography, pedology, vegetation and species diversity) were used as
inputs to models. In this regard, Topographic characteristics (including elevation, slope and ...)
of established sites of rainfall simulator apparatus were first recorded. Then sampling of soil
was done from 4 corners of each site and compounded in order to eliminate soil heterogenic
effects. After providing one soil sample from each site, all samples were sent to soil laboratory
for measurement and analysis of different pedology properties including soil organic matter,
total nitrogenous, absorbable phosphorus, available potassium, pH, electrical conductivity, soil
moisture, calcareous content, gypsum content, Ca cation, Na cation, soil texture, distribution of
clay, silt and sand percentage of soil. Also, vegetation characteristics including canopy cover,
pavement and stone percentage and species abundance of each site was investigated in plot of
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simulator apparatus. Abundance parameter of species in each site was used for determining
different species diversity indices (including species number, Simpson, Shannon-wiener and
dominance indices) in PAST software package. Implementation of determined rainfall intensity
of each site by simulator apparatus was finally performed for the measurement of runoff and
erosion variable. Analysis of data was done through Multivariate Regression in SPSS software
package, simulation via Artificial Neural Network (multi - layer perceptron and radial basis
function methods), and Neuro-Fuzzy models was performed via MATLAB software package.
Model validation conducted on 18 percent of the data based on Root of Mean Square Error,
Nash—Sutcliffe Efficiency and Mean Absolute Error indices.

4- RESULTS

The results of Multivariate Regression model of this research showed that variables such as
soil moisture, absorbable phosphorus, canopy cover percentage and soil sand percentage
caused for runoff content and variables as calcarecous content, total nitrogenous, canopy cover
percentage, soil organic carbon and land slope determined erosion variable. In this regard,
Multivariate Regression model was able to explain 68% and 46 % of changes in the runoff and
soil erosion variables and its efficacy was lower in the simulation. As a result, Radial Basis
Function neural network model compared with Multi Layer Perceptron as well as Neuro-Fuzzy
model with scenarios of cluster (hybrid procedure) compared to grid method was able to
predict more accurately. As indicators of RMSE, MAE and NSE were gained on optimum
model of neural networks of 0.135, 0.114 and 0.99 for runoff volume, 0.011, 0.009 and 0.98
for the erosion and on optimum model of neuro-fuzzy models of 0.132, 0.111 and 0.92 for the
volume of runoff and 0.013, 0.011 and 0.98 for the erosion, respectively.

5- CONCLUSIONS AND SUGGESTIONS

In general, it can be concluded that according to the presence of the complex environmental
relations of erosion and runoff variables, Artificial Neural Network model with Radial Basis
Function method and Neuro-Fuzzy model with scenarios of cluster (hybrid procedure) are
recommended to be simulated based on ecological factors.

Key Words: Multi Layer Perceptron, Radial Basis Function, Neuro-Fuzzy, rainfall simulator.
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