Journal of Water and Sail
Voal. 29, No. 6, Jan.-Feb. 2016, p. 1416-1426

(523U @l 5 pale) S g T &y it
VIS IFYS o AFAF ol — cage o o ket Y4 alx

IS a5 SN 51 eslital b (g smy JSOb (A e S5 Sl
(6‘-{)# 43\."-:‘9) :6.5)_,.4 uJUm)

Yo .Y .. AP .
SLe 257y aebl — edol (B des - Kl &S
\WAY/A/Y CA‘{_)) c_)\:

LXVLES

g otaluwsd 010y (IS pohay el Iy 50 (VL el I ol wlie (sl 059 3 aailSng) bawgs ond Joo Sligusy (s Gy (55

s yuangd L;L.J & bz gl yalyb )36 Jl 2 Sl OYolee 585 s &S Cul (Seoldgyld Blus ()5 oduzey j oy Jlasl
9250 (275 9 (#5b) bulg) 4 i I Jdo ol (55 5 (omas slo 4SS oS Mabgn gla Jde 308 diie) ) (6ol Dlidod ploxil 3424 L
A G (55508 dxuogi I Jse (ol 9,08 ccmlio aSs (g )lone g OBl WSl (Sazn 9 (09 oo e S cogu) doxin e i
Sl slypskad 839, (a9 5L gipe e e il Ml jelater iy cnl 5D Cal ALIS ST () Wby il (e sy,
Sl O (275 dad sl Jse 5l 50 (g 5l g 0dd 485 IS & (GA) Sij p sl 9 (GP) Sy (g0 4ol jola (LolSS (slaty )50l g
Sy el (he) g Ao doxiw (e (SN sla ) | Jols guls Jow 45 5 dualie wul 0035 odlitl doxis (dxie 5 Cogu) JS
9 b pe i Dl 9 Sl Azt )3 a3y )l Glgia (RMSE=-/-5v g DC=-/2-v) 1) JolSS (slagin js01 6V jlew (S oS3

o) oo ol &g, JS

Wi (5 g Gl (6 jlodine S5 630l 0wy 5L 160l (s 2lg

S o Lagl il ol b Bk il g 00 el esie
90395 dldio § (LS Yoome asiiio Ay S 5l o5y
Lol s > s bl o JSue T 5 S, Ll
Sl el Lagl (33 5 il oel 2 gy (e Gt sl oo
Ot sl 00 Cogas doias (Sie gy 4 pgwge (65503 b9
5 (w9 () Qs yiste yohl 93 2 i Sl (Somie o )
ol o @bl leosls pbyacel ol s 555 (<f 23) Qu
darly S gl ety S8 bl a9 o 03l U35l (gm0 9
et IS Als S polisl psk cogus line 055 (512
J> 3 2ly oyl plain (o gian Ghen sl by g Cunl
ol e S lsin b Jo ] (1) 2] (oo oty Blawo 03555
20118 0506 g o390 b Jlae a9 B 3 oS &S Cnlie
il Jio a5l g |y wldg) (b (Slia] e g (Jad s
il Jae a5l29) (L2 Sge (s 5eg5] g (lame o Jale
oo daiwo) ol 3 A8 )8 s ladasd dles lLaidl o S

L 5T 39253 o8 3,5 01 (3) Lloblee 5 (Sl 5 & o

LVRU

2 9 )k 92035 5 IS gy oy YL cuenl iy &

09U eeolatdl Bluwo Ly o] S5 L g o (slaoy
Jolse b g gy Sl 39l Slasbey die) 3 Slglys liins
ke Uiy (sobod el 48,5 ploxil G (liee (595 il
Slagle) 3 ol 653 (29w sk Glise (9058 S 5553
&5 ol &8lg )3 g andly 5 ye5 il Sl 2 v g il
09 S )3 9 Jai 390 glalle 5 olRtu] (81 pjline (o5
2 g o) gy e a5 sl ) Al o Abgaye Lol
Jie bl (ol o slo ) 3509, 255 sk s 09,5 9
Yol Jo g 0y JU] (S50 pudlin 4 225 b (5L o
sla ol as by by cpl S0l dog bl o Seolinng)aen

Lo oy 09,5 iyl Lol S g sl lutils (i 4 5 ¥ )

oy oS ¢ pwdige g (B oS ¢ Sdg )
(Email: Kroshangar @yah00.Ccom :Jgiue odiw g —i)



VEAY ol sl 95 51 osbitanl b (spgmsy IS5l (st Gy 55 381

REVV NIy

05 Ol gy wby

Sl o)l 6555 elwlyy & (GEP) 15 ol 532y 4ol
05 ol iy deblp s ol VAR Jlaw o 14,8 lawgs ol
55 w9 S o(GP) i3 (g5 4l wiilan 55 (GEP)
S5l llas 1) Lol g 03,8 edlil 3131 51 umes 51 &S ol
Pes i b Sl eslal L) (St s g 8 o0 sl
) 4 o el 553

05 Ol S50y @by p3 (ol Jolpe
= ol 5l adgl Cmor 2l GEP o )o5Ul 5>l yo (1l
Soliwl bl g dolas an] ) gy Llg5 o ggui9e oyl Cunln
Oyguas Logjang S s 394 plos] dliie 0yl)> cleMbl (g)luds
b Sa L gilae o ol & w0ad 03l (L (ETS) (30 oo
35 5313 dlogy 331 @B Vgane 33,5 (oo o) 3l
33)5 (5o (b))l g (0 0l 55 (Bl 3)90 & B alives ]

{A)

0F ol Sy %y gl e
ool 3,8l SLseil gy gy s> Bgyme ybe, ;| GEP
S8l S5 el S5 Slas s OGP BMs,; GEP .S
J3b dolay (gl (ige Sas Gan L(A) )b wbMosl L
5 sl 4l S5 S )5 09Mle GEP)S .cal (ypme sbo pojgosS
395 (o0 12l 55 (55 oSy ol oS 5 Jl %03 g5 el o 9
g3l pSlos ol g b o S5 ol ks Lo gl o S
o PBl lg posgeg S 93 53 SluSy Cusdge 3 1, lgj (Bolas

o) S 1) s 055,890 b S

o9iln &b

Bad g Cewl 3ly b cpass (GEP) )3 pgo 35le0 51 (S
So ol an il )lse eled (gl a5 Canl s ol o8l o]
So i Wil by bLad 1S Jos 05 4 pme glls
255 o ol 1) sy 550 &1 o3l asl

RS 3

i
MU):. d.l»...wy 04 (S e )]..\fu Pij cu.:bwl LRPRC I UT 2 S

100 x

e T g (55— 2p92 N 0lae ST 8510 2590 sl T o3,
M8 b agle o caol an gy BB .l | il 0)90 (gl B
Uas 55 5 Py=T dosls o glod do o b cunl bl 5llas

D) (22 (S90S ) 9 mas 4Sd sagSl ekl b g aia
S (555 a8 1B S o g 03ga3 39l 55U 93y (4l

Moy VL 83 I (egran Ghen gy Sy plgis 4 (as

g gl 5) oisS OF) Lo 5 3iie 5515 ol
)8 L oS el I Sl by, @bl 69 (V) (ks
Lo 1) a5b3g, 5l (6y9me (3 Ol95 (o0 (Eghan (mas &b )
P 55 Dlidos aled 3 4 813500 3,00 Jod LB <5
Llg) 2 4 Cund (ogime e (adSidy (S Sl e

o oS el o ool (L (Sloj s slagSl 5 (225

5l ookl LagSl ol 1300 0 jo s 9 b lu dlow] > Saomo

dawg W Ll Al drogs amlio job 4 Jos )0 oSl 44550

Grgre o 6lig; plpr Gl ln Ol g pe S S

a5 oS A o i ok plos] (gl Wbl ldllae 5L e

(GA) S5 02255 5 (GP) S5 (5325 4ol sl g 3]

(it diza 3 o3> (G ian)d Fge (29l gy S ol 4
pisS sl o) 25 Wasbg) cul -l 483 1,8 ealizal 350

JolS5 ks ol 2 Ll (polod (slive 45 K9S0 guome JLolSS
B Se Gy 4 pladl aad ol sl o)sSl el lgral cpg)ls
sl 1) oad ol @b s g 03905 (AS (6l line B ) B

o pLS s G o (e cilises (la by duslie 5 5,8 o5l

J gy e )3 9 xS (o ) 4 laodls LS Lo oval B
L 00l bl (gl (8) 955 5 1ILS aiples oo 1)) cuslie
S5 4bp (hoy jl Glwgiin (28 ol Jsb )3 glgel oaieS

255 pkSeg Oimen o (V) )Sen 9 Sigd a0 00 S
O S5 iy 4l gy 4 SUlg) -k (sjlegSI L (V)

slojo> 3 Ul ()l )8y (i Gl o5 W8l Cawd dms

doalgp (ytaS (glad gy o ST ($32) 40l S8 4 ol
38 0 2Bl b gy 2 Auglie pob Giod | San
aeby gy S5 b doxin (Godie (Sgm)S) 9 pom e 09 9

9= )k Ol (S Ol > S5 sl B9y 9 S s
ol rubs &lB2g, S

(9, 9 3y
S slae 6!

Slplar gorina sl 2 by (olSS lapisX!
= &l loss (ol i (Sifelon JolSS (gl Jse Sl &S
9 20930 S5 p Sy il & WS (0 ) (SSew szl sy,
e Gl Sl )P e I )l (it Jus sl 3
ol 5o a8 (el (gl o 5l 050 l8 5 4365 93 LB o Gy
5 05 obw S 4l jla)le Wi ooliul 5)50 55 i



AP sl — cntg < Fojlods Y4 alr (S g ol apis VFVA

il Jloy [+00 9] sojls 3y adaly oS 4 o a3

hlodds

X 1y =0.05+0.95x (X Kimny

i max i min
e Has 5l eoly oy s Ximax 51 5 031 (33508 Ximin 3| jslaie &S
ol
L)l s ylre

e o sl el 1 ki 3)90 gl Jae Sb5) sl
oS Caul 005 03 0,33 (RMSE) Lot lasyo (5:55ka ,is 5 (DC)
1l oo dwle LB 5 baslg, 1 edlitul b s 5 4

Zn:(Qoi _Qci )2

RMSE ==

(v)

DC =1— zlnzl(Q oi _Qci )22 (¥)
Zin:l(Qoi _Qom)

Jie Q, @i Slej pLS 1> odd oamlite Hlaie Q, sl o

ol o) oy sl B olas N lo; lod 53 00l Al
0992 YU s RMSE )5 (950 o5 il o (Slanlin oo
Jie oy s o 5 5 Je Jd HB 2> 3l DC g5

ol )00 gl

S5 5325 40Uy (09) Sl 6399 oS!

adgl (6lp Csman 55] b 4 $D 3 iy &S WgSilond
g 5lw conle higel jelate oy )3 58 50 ¢ caliso  Solas
253 dadle (ial38l g oS (Shomy oo LS & ooy g oSS
P 0e b e 30 oSy ialS cuw 4 S Wl salgs
031> (32)5 fgme g (o (Sl 5 LAEDg) Cogas (53LogS]
Sole a.,S Ol bjgel sl 03> lgie 1y Slmlie ol
S aolip an (alizee LagSl oSl oy e sl 0
S 2o il lagSl oy Sl Caledyd 9 998 (o0 (Byre S
bl Gloie any LS dloml | domd o g sl dmalie (5l
= Foe sLajlly psl 34805 53 9 (o Ll S (g 5
(M) $98 olo g cnl & lg (o Cgu e
C=f(Qwnh.,D,S,g.,p,b,n,p) (@)
5,3 03151 () ol Bos (Qu) T (3 5 b oS 5 adlllan ol
L sl 6399 plgiss (B) w539, (250 5 (S) w39, e (D)

(V) 598 (0 yao

GEP a1,31 i Lus

P 39 (o §NSIS (Byd ol Spgar )] pp GEP
&L jledliwl b b (555 ol (olos (35 K Sloegies)S 2590
(O B Ned (e Jale 50055 4095 ddy) 05 e Sl gy
WS il a8 o) (5l jeds g2 )le) ORF pliy (6513508 4l
S oaimd L 9998 (o0 ol ET 5 (235 30)) ()2
ol s (gl 8 o ol

S5 59!
pothe ©ygma VAV+ a3 ailla ali gy S piysS)
Ot gy @by mge il deldl (g3l slue p Siats )5Sl
b Sl s Mg L sk @ (o)l €95 51 Ggelm b ke
olsel sl yug8 Jo oly o (63,9 Slastie dpa ol 3 &
ool Slas dw jl Ysane Kuj winysS) A0 aalss sl g5y
e Lo ySlos (ol g 5 Gligeen (Bl 358 oo JSut
dl)_: .)l)9_> = u_w‘.m ul_‘xu‘ 9 u_.wL.n dl—e(k>°|) Tead
laaid) CLoal Sl Gy gl e 0 )l jaluidge slasys
Pl 2 sl PLgran Slos depplyal (g S ool cplly
Cowdy Sldgran jlas 5,8 90 095 0 03y I lpaas oyl
Jaaze JSis sl o ol pB 50 (i 3,Sles b 58] WWloel
S5 oSl Wales i as w5 ol g0 S0 2

Dgd S5 diage Jo oly 4 U ol o0 0B )

0lw] D 90 (5 0315 g ablain 8 2o

o) 005 e gusy JS )l sloodly Lpolul  pils o
by plosl (sl yshad w9, (g9 2 Bly S350 Jy orind]
e > o)l Sl 00 oyt Jlads 53 gly jglad 4ilg, ol
B Jsb g e aghS VYT Jolao (gtag L gaes 0,8 (sl
VYN 5 Byd Job FFOFF YY" Clatke , yiegh VYV
s (sl adlllo 50 o5l il 015 03,58 Jlas 550 TA®
ol o bwgio yoye gl (Q=48.7 MY9) L Lawgio
Al (o o Voo AS lawgie Bes g 4o YYAY

il e sl (s31e Sl 5 (g3l eslel Jolyo 51 S
b ol (g3l Jloyi b (13905 Jlire S gime (on sl by bauwg
S50l ya8 o158l g odly (55 4 Cawlas [il38l jolais o
sbagby) 29d (o (i e 2UlF Gl el o WSl
Loyl (ol cglar a8 o)l> 3959 o 0dly 13505 jlze g (o0
295 9 809 Sl il 3 Caslal Jas dialy



VPN ol glais 59501 31 oolinl b gmay JS 5 (ot oy <33 381

2 Py ad>po )3 diad QLl o8 o Slas s 4 oles
0J—b ul_’x.ul (h:7) \4 l.: )gl).g o Jg]o Ars ‘99}9‘05; )Lolw u‘}wl
2 poiss)S y2 ) 050 5 ¥ LY s I Lad 5 (g0l bl b
Yooolas lial o g0 s Wl o 48,8 Ja5 0 5 ¥ Coly
s 031> B wh & ggere @l )bl bl () ¥ sl gy
3 silte sl ySloe a8 5l oS5 5 50 Al abje > 50
Sl 03 olawl ... 9 W‘/p &9 4w sl O?)‘B LS Jud

(¥ Jg)

o g (65w damd

5 SBF iy daby boy el il ol o)l Clasuis
w9 u_i:).‘s Hhlize o sl L;Lm9§” B os)f 93 & le)’.
JRB Y Jgan (o b sl o 1)) (0) 9 (F) Joa o iy
)Jéi.,\_a |) ul_:)> =2 4S5 a)Lo.J': $29)9 d}iﬂ &S ol oo line
e LI Joaa ol »505 lasl an Cons 403 (o0 )13

(DC=-A:Y RMSE= ...5Y

S b (o Oy o Lol ol als CuS 5 g (Sogd (e
Joline cLagSl g o CLol (K (g30,a0b 1 (53l Jse
OLE Y Jgdn 9 ) i 50 iy oad Gl (0 9 (K5

Lo o0y

9 ey oae Slis Re wgyd oue [SLis FI psn ¥ Jodo j0 &S
ol 2By sy ). = JONS

Oj ol sy @by Ak
S ad>p0 o5 Gl S0 daby 0,dos Sl el o gy
A 02310 oo 35855 3> el e i e Joli
(N=10) il Ve Sl (sl aegazme 5 (RE100)V+ - Ly 4
dled Verr b oply o5l b jlase sl by cul 0000 ,8 Glscl
5 Lo JUiey asgaime Sl Lol epgd als yo (Frna=1000) 35,
Lo Jlise 5 s goone (sl B pojgeg S sl (sl @l as goone
25 86 Giliseo gl ol )l Jobis oS ailiius sla psio o
sl g5lwsSl o 55 gy GLsl 3 asl (o gu)y dyglp
e el el oas a5 4 1as > Salate mly calises
5 04 olsal Lol b Sles lgie 4 {+i=x+} Sos

&L 9 pgd g pow iy ¥ gVl (emmen ()50 o) Slas

25 (Shre L o ! (Sl Y Jgoa
Table 1- The selected models with physical conception

number of model ¢Sl o)les  Selected Models ous bl ol

1

ook~ wWN

QS = QS (QW! h, D! Sv b)
QS = QS (QW! h, Dv S)
Qs=Qs(Quw, h, D, b)
Qs=Qs(Quw, h, b, )
QS = QS (QW! bv Dv S)

Qs = Qs (Qu)

ax (ot o OB (g - Y Jgae
Table 2- The selected none dimensional models

number of mode! (5l olos

selected models suis Clsesl slagSl

7
8
9
10
11

12
13

Q.= Qs (WD, hib, v¥/gD, Fr, viu., Re)
Qs= Qs (WD, h/b, v*/gD, Fr, Re)

Qs = Qs (WD, h/b, v?/gD, v/u., Re)
Qs=Qs (WD, hib, Fr, viu-, Re)

Qs = Qs (WD, V/gD, Fr, viu., Re)
Qs = Qs (Wb, V?/gD, Fr, Viu., Re)

Q. = Q. (WD, h/b, v’/gD, Fr, v/u.)
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Table 3- Parameter values used for predicting of sediment load by GEP

Parameter ¢!l Value ¢l
Head size ¢y o)l 7
Chromosomes NUMDEr'S <l pg;505,5 sl 30
Number of genes:  jslas 3-4-5
Mutation rate : jie> ¢, 0.044
Inversion rate : gl ;9)ly &5 0.1
One-point recombination rate «s .S 5 ¢ 5 0.3
Two-point recombination rate 9> S5 ¢ 5 0.3
Gene recombination rate <5 .S 5 ¢ 5 0.1
Gene transposition rate : Jise z,3 Liadly &5 0.1
IStransposition rate <z, ady, yidly & 0.1
RIS transposition rate : ., el 5 ¢, 0.1
Fitness function error type «xb (lbs Lso RMSE
Linking function :x4. U +
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Table 4- Statistical feathers of genetic programming resultsfor the inputs by physical concepts

Number & . Train jgel Test ¢oyg03]  imput group §gd9,9 (sl
RMSE DC RMSE DC

1 0.033 0.877 008 0706 Qs=Qs(Qu h D,S b)
2 0.030 0.901 0072 0798  Qs=Qs(Quw, h D, 9

3 0.031 0.901 00811 0743  Qs=Qs(Qu, h, D, b)

4 0.032 0.893 0.0698 0.775 Qs=Qs(Qu, h, b, S

5 0.0303 0.901 0071 0792  Qs=Qs(Qu b D,S)

6 0.0311 0.812 0067 0.907 Qs = Qs (Qu)

S (ot G 939)9 (ST SF Gy Ml gl g bl Olasuive -0 Jgua
Table 5- Statistical feathers of genetic programming resultsfor the none dimensional inputs
0 yLowd

Train ¢ yizeel  Test ¢ vmw Cono g (1905 I mput groups 39,9 (e
Number
RMSE DC RMSE DC
7 0.099 0.636 0.095 0622  Q,=Q, (D, h/b, v?/gD, Fr, viu., Re)
8 0.094 0615 0.088 0.651 Q.= Q. (0D, h/b, V?/gD, Fr, Re)
9 0.092 0631 0.081 0.694 Q.= Q. (D, h/b, V?/gD, v/u-, Re)
10 0.099 0.633 0.089 0.609 Qs = Qs (WD, hib, Fr, v/u., Re)
11 0.091 0.710 0.082 0.655 Q.= Q. (WD, V?/gD, Fr, v/u., Re)
12 0.094 0.650 0.085 0.617 Q.= Q. (h/b, V?/gD, Fr, vius, Re)
13 0.096 0.608 0.087 0.619 Q.= Q. (D, h/b, V?/gD, Fr, v/u.)




'¥YY

e oG oty 598! 5l ool b gy S 5L (S i B0 gl 33

Amd oo LS 1) 5 o led (653

255 L ity e GEP o 1 Juols s 7) 4o
)

Qs = (((Q/9.95)—9.95) — (7.12/Q))/ (7 + 360.94) + (1.32¢"*) /(57.6/Q) + 9.4 /(18.8Q% — ¢ + B4.6)

+((0.02Qi/(7.59 - Q))/(1.26Q%3)
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Figure 1- Thedischargerelation by the observed sediment load
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Table 6- Statistical results of rating curve and genetic programming through several runs

Used method tesliu! 3,50 (w9,

a b DC RMSE

Regression method ¢ sees 3, (j3s,

0110 079 0.78 0.07

Genetic curve method s oo b,

033 0552 052 0.10
0.759 1.298 0.88 0.05

0538 0.957 0.79 0.07
0232 0.298 0.29 0.13
0.343 0574 055 0.10

0577 1.023 0.82 0.06
0.419 0.738 0.67 0.09
044 0778 0.69 0.08
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Figure 2- Computed values of genetic curve and rating curve methods against obser ved values
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Figure 3- The predicted sediment values by different methods of A) Englund -Hansen, B) Bagnold, C) Larsen, D) rating curve, E)
Genetic curve, F) genetic Programming relations
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Figure 4- The comparing figure of all of the used predicting methods
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Table 8- Statistical indexes of results of different methods for the training stage
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Hansen programming
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0.096 0.61 0.13 0.29 0.12 0.39

0.072 0.78 0.05 0.88 0.067 0.907
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Figure 5- Comparing of GEP and genetic curve methods performance against rating curve, Larsen, Bagnold and Engelund -
Hansen methods
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Introduction: Exact prediction of transported sediment rate by rivers in water resources projects is of utmost
importance. Basically erosion and sediment transport process is one of the most complexes hydrodynamic.
Although different studies have been developed on the application of intelligent models based on neural, they are
not widely used because of lacking explicitness and complexity governing on choosing and architecting of
proper network. In this study, a Genetic expression programming model (as an important branches of
evolutionary algorithems) for predicting of sediment load is selected and investigated as an intelligent approach
along with other known classical and imperical methods such as Larsen’s equation, Engelund-Hansen's equation
and Bagnold's equation.

Materials and Methods: In this study, in order to improve explicit prediction of sediment load of Gotoorchay,
located in Aras catchment, Northwestern Iran latitude: 38°24°33.3” and longitude: 44°46°13.2"), genetic
programming (GP) and Genetic Algorithm (GA) were applied. Moreover, the semi-empirical models for predicting
of total sediment load and rating curve have been used. Finaly all the methods were compared and the best ones
were introduced. Two statistical measures were used to compare the performance of the different models, namely
root mean square error (RMSE) and determination coefficient (DC). RMSE and DC indicate the discrepancy
between the observed and computed values.

Results and Discussions. The statistical characteristics results obtained from the analysis of genetic
programming method for both selected model groups indicated that the model 4 including the only discharge of the
river, relative to other studied models had the highest DC and the least RMSE in the testing stage (DC= 0.907,
RMSE= 0.067). Although there were several parameters applied in other models, these models were complicated
and had weak results of prediction. Our results showed that the model 9, with the most DC and the least RMSE
(DC=0.694, RMSE= 0.081), had the relative advantage to the other none dimensional models. Finaly it is clear
that the model 6 had more predicting capability rather than the model 9, so among all the models, model 6 was the
best referring model for estimation of sediment load of the Ghotoorchay river.

Conclusion: It was observed that the model including only the discharge of the Ghotoorchay river the best
model for estimation of sediment load and it was applied for comparing al the other sediment predicting models
such as some classic methods that includes Larsen’s equation, Engelund-Hansen's equation and Bagnold's
equation and optimized rating curve. Among all methods, it was concluded that the genetic programming was
superior to other methods in predicting sediment load of the mentioned river. Therefore, genetic programming
that is a branch of evolutionary agorithms, with high prediction capability was offered as a powerful tool for
optimizing and explicit predicting of total sediment load of the Ghotoorchay River.
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