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1- Model Decision Tree (M5)
2- Decision Tree Model (M5)
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1- Divided Channel Method (DCM)

Yy



AT (1) 2o o(Y+) sl SB 5 of Cblis slagiingfy abne

N, 4

X = 7
Ol Calied Y / Ol Calied

sbo! alaio
o slacads 5 ol alaie 4 OF 4505 5 oS o glae - IS5

5 oshel b h O 5B R e e daaels (Sole s LG i)
) XS e aaln Bl e 1 St 5 B Ol L 0l S a3« oDlew slacis
GY) el ods Sl s oy b 5N B ek el 5 AR LT UK s Uax
SWlle s 5ok 53 i ot Senl @ e L 08RY G s ol Vet s
o s Jols s s 0L Sk il sl by sladde 5 i
.:ﬁf)\}L;Jf\}jb.:)}a;u.w‘p"}!u)\::ﬁ)SL;hAgy)JLE;j\)J:.‘&l{,UJJ
3L Sl ia, (oS e shie B s iy POl slp (08AY G ST) S eS b)
STl ien S s e cpl 03 By 5380 5 op e Sl S el el slgidey
SaS w5 3,801 Sgtn Sl anw e oaslosl JUIS glaeals 5l eslizal L (144Y)
5 AU L3 0l 23 2sln Glp b b ombiaed 5 62,0 iy csslal oo
B S ) Skl ol el i ol s ) (S, sk b slaclsy,
byl oSG bl e 5 oA e 4 U L & Ol R ) 0 Bl S e slale
SSosbar 3sh e e ol IS (25 5 edd Gasde Ol e adie (a5 (S 500
el B3l Ol o Cilse g 53 5 ddal

Q, = DISADF xQpey, )

So 53 e 2 (Dl eis el 23 2l s 5 DISADF 5 0L > IS (03 :Q Ol s &S
Goo bl oS 355 o alaDle ol o o3ls LT JSCE 3 S e whade L a8t 5T JUIS
Sd e JSeS 0L adlee £ (S Ges 4y e S 53 0L e ) 0L e

S 45 3,03 15 Cydgdome () il bl ol el ymn 55 Sl 33 L s ol el

A



SU s g g Lo las

slolBlas Gladlone shaie oo sl Ll ol il sl Sosline shaie o gl 5 0058 b 0L
Olyn oSOl & ool phae i oa 55 pliay Sbm ks 2l w6 (0 POl g5 50 ol
5k polide Con el ol s el o glacls 5 Ll daj.a 05 O wlis
palds g Sl glacids 4 by s (65 oo 5 shate s (28 (Gas Joo) (S5 i
GST) 3y e i a5 S poty eyl ol el 4y S by, Lol gl me s Lo

:(Yaqy

COH — (\+ A*)”b/\/(\_'_ P*\Mn*v/Ak-M)
A n P

)

5 Re=P /R ASAA S Sope il 4 S e Ol 1 bl ghaie 4 5
Blis 5> Obyr (2 el SAnSe 25 520 0 5ST S Gy e =0, [

J)‘:'Lfd o LS\AJB'-J}) 9 &AK..L.;LA)T g_,SJA

4
o

o8 ]

Ob 2 (o o8
3

VAN +/q +/AY LY +/41 +/AA \

blgﬁu-gbcw‘%fb

S o paie b ARG LGT JU S 55 o Go8 4 Cams Ol (23 (Dol o Dl ki Y IS

14



AT (1) 2o o(Y+) sl SB 5 of Cblis slagiingfy abne

el 5 e 050 S5 S w4 (Vo) O 5 ol (Yo ) O 5 gl 55
23 s e Gl 1y bl (gl s AR LGT CS e cblie 53 Lal= o3 esls Qe

103 gad 4ol JUS y shade 03 4 0L > JS

Yt

g = /A2 09 (ﬁj (4)

Qb h

stdblsﬂjjdaj‘“wh}dlij"dst c&Lﬁb})ﬁﬂlﬁﬁdﬂL&leb LQTJJAS
NG

DL e e el 33 31 eslizad b (Yo oY) oyl 5 ugla (Yo ¥) cpledly 5 odyls i,
5 U ;s 0L > S 2o :,ﬂﬁ Slr o8 s el a5, (COH) 84.5» o sS 5 (D)
ol cla eyl 53 cpl 035 day Oss 0 a5 b i sed arl)l (B 00 5 o o b S e slaaal o
Ol S o5 iy onl 05 o ldels 0L > S el Ay Dok s b sl SR

HGIW IS W mﬁjuqufda@gw 4 5 &J)YJ}\)&G@A&:)’\ b
Q= ARQgenm + AR Qpey (©)

S o e (5 8 53 L) Sl doly e o> Qsom 5 ey Ok o o SGAF O s oS
A AL S8 S md Gas il 08 sy Sldllas b (esle shaie S o) pon
a il b 08 0 ahie bl 3 ol St D slacs 5 Lol saie o bl
o w03 e BB s ) e nlal 5058 e Dl slacds 5 ol gl e
53580 A el shaie G IS a4 S e JUB QL Gas GRIBIL el SN L IS
ol e LAl e SR Ol el s e s Ay sl i e DI o)
AF¢ 5 AR, (il oS e sblie Ll = s slaesls Jebos 5 a3 b oalelly 5 s ool
OL o o o 0doms S 550 alaly 31 edal Cvinas OL o 05 45 Wisged S Gl S |

:.1..';C\Jsa.ﬂ\ﬁjo)ygJLL@_}@\).MQWDCJ:&U:

Q=D,Qqy +(COH =D, )Qpy v

1- Dimensionless Total Flow Adjustment Method
2- Single Channel Method

VY-



SU s g g Lo las

usj_sc_ppg;_w\c_iﬁﬁbuL{.\Jﬁzsﬁj‘ue,\i,\ﬁdjudmﬁ:MS(..,«,asc,.-;ﬁ Jde
i s g e Dl s Al 3 o e | o S S daly Sl eslind
ol 3 S s gl s sl Bl a5 oKes slaes s slolid Ol &y s s
L T ol bilos U s Ygeme ol ol o35 Jie 33 S5l Sl 15 o Laes gudoes
kT,_SSJ:V_hl_z\)bJ;_AT&;_MJJA{ dug|ﬁW}e>wM;osL~)ﬁ&g—j§dL~ax¢@
l_iLéjc)jbiﬁ.\@.:);&)\ﬁumﬂ\J)yw&)bdudm)bezua%\w.m&
L adobee S aml o gl 5ol ol 4B L o3l ) Lor @0 ($2505 laesls oolie o5 s
AV sle gl 5 LB 558 e 2l Sl cnlis e

SR b ex) S a gt oS Kt il B Sl G SO les Sl B eeeeal slacs o
)eﬁw\ﬁuﬂo)ﬁéﬂ&iQUob\bg\jﬂ6}@‘&&544.?.:@6&@5-)3.,\}}2&
Jels s Je O jltle il sl ey S e ol (ilali auT b 5s 55 e an
Glaid blos 5l (ol Jo 55 mena 3 gladie 51db 0 S oy Sl gl S s
|)M5‘u.?yyma:g;})sd,u(\M\‘)ov&;{js,ld_bgj\é\ﬂ.w\o,\,:uu;.ﬂ\oﬂﬁ)j
S Jgone e L sladde B (Jde (b s ges wl)l ategn laeslsy s S (6l
Laosls (gl p 1y o pitatinr o Jite G ctilad g syl g2 Olsieas |y anenS (glaos, L 58
sl Jol e ol 6«'5{"“‘”:’ Cot s gladde bl LS il e s Jde 3168 a5
Shacss mtle al e 53 (Y000 (SSls 5 s V44T (O oS) el O 035 o a5 oy
Shre g e eslital el s SO S Sl g (Gl e jlre L il r:i)jﬁ“gi
Ut 51 aS Olsieas 8 ol (DS sl Slme Sl b5l MBS Juts ), 531 (51 oS
o S QTJJWJAQJAJ%:.}QU&A{ Ly Uas cpl s el sy S 5 duy 0 S S w
T e st 5 adaly 5HESDR)  lae Gl il 2alS bl o drsloes

|

SDstd(T)—zmsd(Ti) )

1- Standard Deviation Reduction

'Yy



AT (1) 2o o(Y+) sl SB 5 of Cblis slagiingfy abne

S el Gldses Sl T s o8 4 6 ol Glakgal g S KL T Of s &S
coleil Al sa ol Sl Gl ol Losd 5 ol 1y lils g s, el
el s sl sl oS 4 s SreS Sl Gl sl (38 glae S ps 4 S 13 slaesls
S S o ol 1 o MB (Sas glacleisl oled (g3l ST 51 o dies 5ol
S s e LSE5 1, S5 S sl Sk e ) bled i 1 SlDl 5y 5e 2alS
ol 358 e Rl et LSS s B3l ote e el 00 8 e ot sl
Jdbe >,k s e3> e cpl by o5l e pla] Spr KL ooy K oLl
St S S ElE L e Ol Rl s by S Dased r Jild o)
FSG S glalad 5L Al a o sl bl glad (s dde A8 SUSS pl el
Jie Sl 5 dm s o 55l b S S5 Je SO a0l PHS 2 3 5 03500 (ol
plowil e (3lussls o ey 03,8 Gl b prasis (sl 035 4aS (slp ol Cosey o
Jde 53 oS CSlie oS ola e Gl ol dlay > e SO 3IMO Jue js 553 e
Al o Bb b ltie G Lais 5 el G Ls e aen S5l a8 andl 35l e eslinad (5l
S ekisilis dis ja o e S 6l MB e s Jie 5 Shas o5 £ IS
o 4 pam o SOT sl XY 5 X>V/0 S1Jlte Olsea Adlpn st g S5 dslas

5,8 3 el 5y Y=a +a X +a,X,

f'A r"“diﬁo * :' *
e
:}% Y : ° .
3 ° . o e .oo...
) Y
5 plerdae e
\ e e e
hd [ ] .
« °2 * .

\ Y Y ¢
L. X X
Y s s \ $3909 g

AU KxXy) 639,59 bl ‘5L~'a_‘ar_.~.55(d.‘| .M5 ool S5 53 Jbo s Shes - 3

(vt p5 5 bW (5555 O poa 3505 Bl bl Ll el Hlas O (2

"y



SU s g g Lo las

chaie Gas Jald (S o abie Yo (liltsy; AT glaesls @lis -l 5 teslizul 5590 (slaesls
G D oz 5 ol dake il o (Do lacids 5 ol s S (50 5
S b fpemme 53 9) S ol 5 (Dl glacids 5 ool shals (65 o DLz (20 L
pogl 5 S I AL =k AT glaesls .ol w3 Sl 3 aslizal 550 (31— o3 03l
(VA8 i 5 5 e (0887) i 5 &Y (OAAY) il 5 ol dVAAT) 4 2eus 5 Sl (1Y)
,Lst_guh(vnz)@,._udmanr)du\“%u (1884) 55 5 slems 2 (V49A) 50 5 &Y
oS o pblis ol o glsosls .ol 0 Lwicq (Yoo d) O 5 jlew gy s (Yert) ol
5088 OS5 <l 988 58T "0 e slasilin s, OL o o3 5 Gos ol (6, So3ll ke
Al (Tt s s L) il 5 ol IS sy Slssgy 5 0l s (189 e 5 isle) o
o5 gd e 50 ) Jadar 5 .l ol a3l uuﬁ.bpsfé@.&, Sla e O ISE s Kl

sl s | dom ol (Sasdea 5 pwds gla el Sl 5

— b —

.qu&.b&)écé&»|é)y6hﬁwﬁu—op

di'.&‘gjgt CJ'-"J; ealanal >,y 90 Jf &L&c ﬂ‘g).)._&ij& ‘5‘.&;6‘)‘5: Ca‘,_._.‘ﬁ c:}J:u—\ J;J}

Sl Sl Sl I Bl s g
/A0 1 /oY (o) B 5 ) daie plisf
/o YA V/A Tt () H 0L Ges
YY/Y4 WY/ EA YA (46 aSe20) Qb plaie
YV o ey (56 oS 0) Q0L > S (o3
YERRN ARN «/eva A0 S, Jsb

1- Bank-Full Level
2- River Severn

3- River Main

4- Rio Colorado

Yy



AT (1) 2o o(Y+) sl SB 5 of Cblis slagiingfy abne

5 ARl (S e Wblie s O (o3 M5B dus (s B 5 00 sl el
ol eslixal (95b 3 (63555 e eyl 5 S Oladllee s ol (63L 5 sl el 5L @U slolb=s gy
odd mw Fagh cpl 55 s e 4 AT VY OLKes 5 (g b Y04 Slias 5 (6 eb) il
oS Sy Sl wlia sk pla s slede 5 4l S 5GE 5 Sedl Lails, el
it 5 o o Sla 1L Sl Rag s cpl 53 (YY) cpledly 5 hdls 5s, 5 (V44Y 5 ST)
2 5 5 800 Ulsea S o shaie 6w gy Sl edal s 03 5 whade s calade
S35 Sl e ledm o bl ol sy ol sl eslinal g 2 el Olpeas OL > S

il o3l BB 5 IS ey 2

Q Q
~t_ f| D,,COH,~<bM
3 1[o, con, % w

b b
A.MAL>‘-.¢ J.:L; Mbb})ﬁé&iﬂ@“ wb(ﬁj&;u @\)Mﬁﬁdﬂiﬁ&b LYLI 4\.]4_5\))3

}m,;\;45;)“51.,\65?“;(Jggiﬁ‘\s;m\d‘wﬁﬁjwL._Ji.dmw.gm\

J)—;L;d LS"M LSLA&:A..:VJ -’)\J

=W
ol b el 05,5 53 4y baesls Il M5 Jue ot c¥lee 15l 6l M5 Jae & ¥slas

)\J-é\(af' sl bsas s (Laesls o3 ¥4) mwCms | Q),aﬂ 5 (Laesls Aoy V)
(Ll C\J}\'_:.\N\ j'i) LFJG} Ja_:\)) ‘g);")‘}ﬂi LSLA@J\J LS\J" WEKA 37

AR j&;—ﬁwdué&p st{ 1yl Jae

&:vwme’JH/\szr—~/'mo(\—COH)+\/w~q @)
b b

o/ A Sl f&}js oS el 5 0 /TEE f&}jsw SLaGes <l ‘P93 Je

%:/uq'\%ﬂﬂmwmr—VV/V~V\(\—COH)+\~/V.W 40
b b

g3



SU s g g Lo las

AL 5SS e ea S el 5 VL Gl S8 S el Gaes ¢l e Je

Qoo +1/ D, —1/8A%Y() = COH )+ ) /rAv 0

Q Q

Q _ mpay Qoew +YAYAD, =Y/ W\(1 = COH ) ++/£Y+4 OY)
b b

bl lade axoa cl el esliul COH slza (V-COH)  zal,b 51 VU slaadad, s
303y FeS Ohw gbclds 5 Lol daj.a O p e s oo il 35 SO w s S
Il Ol ke O-COH) el )b 2 ooolear sls 1 esla cleis S A oSy éal»
Lils O Gl e s ol s ol S glaciis 5 Ll 842.« O e
k:a...ﬂ\e.l.llé\.ib\MS JJAJ\GJAT&;MJMJ:})DJL:}LA-\JK—;)Jw\vsfdéudécjjj.k?ﬁ

5D

b
<[\COH>/

l im2 ]| Lm3 ]

S gblis 0L 25 Ambes (1 MB i 5l el sy (53 bl Gl 1 IS

e sl S sbaesls Sl et e S5 S¥slas s J‘M@L'JJ-:-‘-’“'JQRJ

Golel (gl el 5l mass opl 53 .03 S 515 eslinal 3550 55 O3] Lisu slaesls gl SVsles
JM);,,,(AE)ua,-JM);,,L(RMSE)m}au{wamﬁppM@,«(R)mx:;ﬁ_ﬂé
ol 23S 5 eslimal 550 ME Jie il oLl glaskas Olgisa (8) Sl aul Gllas )05

g g nS 5 Dot bl

VYo



AT (1) 2o o(Y+) sl SB 5 of Cblis slagiingfy abne

R‘z ny

N XXy

n
XY
AE =
n
SZMX\..

X

(Ov)

(\¢)

(\e)

QhY)

wi.:[.uﬂ :X LL-s—.;LAMlN )\J.E.ﬂ ZY (.Ls_?‘.,\.hu..d )\J\.E.A IX Ly:Y_Y_ LX:X—)T (.LQQT DL LY
el Laosls Slaas N 5 Slloes slie Sl :Y ( Sltalie sl

odalin .Cuwl sl 4.1\)\ WW B f“‘“'\} 6&05\; LS\J" M5 d.,\,a @L“u \ Jg.lv BE

UJ} )LMM.: L;‘.w.: QL’J.>- L5"J J‘MW 9 ‘-;?Lwlw c{l:g ‘_éL‘.]a_:‘ LOD\J a)ﬁ 92 JA LS‘)" J)JL;G

O.,\AT Cewddo +/AYA 9 +/4Y4 ;M.?JSA.: WW 9 f‘“““"} 6&05\; LS\J" U’Z‘f‘: g_,\.:}».p el
9 /YAY ;M.?JSA.: sl a)J; 93 U"‘ le).: Uo QLQ.:J.A Cjw u,«i.:l.m 6‘5: W) et !

il e +/887
AT
VYA *
'.{a. *
iﬂ .
) (X
3 . 34 . MO it
3 .o oty
= *
g vl ‘0" O MO— o cno
> ¢ e .
Y —_—CE e b
Y 4 q VWY Vo

S5 031 (mnd 0

A Prmwione g Pewly sesls) gl e o J&L{L_Laﬂ

"



SU s g g Lo las

el s addlas 500 gy 4 s el b el 5 M5 Jue laaculss A IS s
Ll (ledly 5 Lals sy OLes 5 cpsol S S5 oo oS o e (5B 4 25) e
5 paie S ) ot 5 500 e B, b awslis 55 MB Jus &S cdl jasiin .conl ol
5 AL S e wblie 55 0L (o lamle S35 (Yo00) DL 5 cpsl 2
Sl ubly amls b sn | SG3s o p Sl Il o3ls 3pg 305 A= B e
ool Cowsas Laesls IS sl 2l l sl eals DL Y e 3 ety aen )y &bl
s (bl gla el aen 5 I MB e &S das e OLES 5 Jsdr ol 2 s p el
PO PRI PN ViV W USSP Pugt  ICIUON N P [ P e VWP TR PO U P8
el MBS Je 6 el (g 508 s gls s eyl plo a5l Ll el Ko 5 sl S

e bl ceslgiiy e S35 51 Ol (gl a8 5538 o5La1 50 4Tl ol rJ'Y Ll s
Va5 (ol whae @ (oMo 83§25 pd L) S e sl o S5 s b ot
S35l oS s Joseds ame S |t MDD Jue o5l 5 el il LS ae O el
LAY S e 1 s o s e Ol g el s (gLl (gla szl )L s (glada>Se LB
Sl esdle sl il e/8e) @ /8T LS e Sl et Sl e ssdeee 5 /40
Sl sl U1y eolgig Jie 3,08 5 Sdoes o5 il bl doles A 4 £ 5l baddsles
5 e A e oo AL T L (S e Oles 4 A3 a8 S el L3 e 4 LS e
Dy e gy Je Olsions  phae 03y plade S o o

1O o 5
W o 0 o
b S @ 2 .
[m]
o nﬁEU %% g ¥ xx
iﬁ q g B ﬁﬂx X +
0o x X X . . o
j N B X‘:‘qﬁ X pibami iy
B ‘* S o . Mdgw
Y ¢ o T by g e g
Al e O O oy g (gl gy
<ds YNee b
v I3 q v 0
S35 oIl o (30

gl e 5 (AT S o ablie o OL o (03 e (5 andllas 3, g0 o (gl by ol alio A JSS

ywy



AT (1) 2o o(Y+) sl SB 5 of Cblis slagiingfy abne

s (o3 Al Sl b5 S )bl (sla lyl - s

5 AE% RMSE R' Gl 2L/ o3 alos i)
LA/A —OA/Y \AY VYL (DCM) 5 o shaits (S5 o 25
VV/A0 =\/+v Viag! AR M5 s 255 e
114/ 14/8Y ANAE /EAQ (Yoo) OLan 5 cps)) Soss
\Y/08 -VYo +/0NY +/AYA (Yoo ¥) cpledls 5 husls 2,
5 5 o

bl 53 0L~ 3 oS S MO eas et s Js pba L By SO Sl e o
Sl Assle ass d\wéumg sl ol sl (S 5
e 53 s Sohl eds bl sladsles 5 baals (Solu es M5 o s Ja )
o e Dl gl Jde ol anils ol s 5 AT CS cblie 53 0L 23
Slopands SLus 5 Ladslee sliad sl 03500 )yl o S Sy sl £ céaj.a oS 9
s e Sletes (144Y) 5 ST Law g5 ods sl sladdsles L5, L a0
Sbesls lp b u e & das e 0L MB e Sl edel sy mls oLl <Y
Sl e3> ados 5 /AT 5 /ATA G/ATA O S esls IS 5 s (il
ooy o) ot Dl S35 slie ) ASL e /EFY 5 /88N G /TAY (o S e Sl e
s olas 1,
s opl o3 addlas 350 Gl s, b anslis 53 MB Jue oS das e 0L (g bl (glaaanloes -
55 Ol (o laasbe 235 ((Yrer) OLSwn 5 o)l sy 5 shie 525 i) ok s
s 5 Ll eyl 03ls a3 A U ol 5 AL S bl
(oobl slaml b ple a5l bl codl G g Sl ad o Shls 4 ST (Yeee)

el M5 Joe 4 s SAeS L35 gl

YA



SU s g g Lo las

&l

1.Ackers, P. 1992. Hydraulic design of two-stage channels. J. Water and Mar.
Engine. 96: 247-257.

2.Atabay, S., and Knight, D.W. 2006. 1-D modeling of conveyance, boundary shear
and sediment transport in overbank flow. J. Hydr. Res. 44: 6. 739-754.

3.Bhattacharya, B., and Solomatine, D.P. 2005. Neural networks and M5 model trees in
modeling water level-discharge relationship. Neuro Computing, 63: 381-396.

4.Bhattacharya, B., and Solomatine, D.P. 2006. Machine learning in sedimentation
modelling, Neural Networks, 19: 208-214.

5.Bhattacharya, B., Price, R.K., and Solomatine, D.P. 2007. Machine learning
approach to modeling sediment transport. J. Hydr. Engine. 133: 4. 440-450.

6.Blalock, M.E., and Sturm, T.W. 1981. Minimum specific energy in compound
channel. J. Hydr. Div. 107: 699-717.

7.Bousmar, D., and Zech, Y. 1999. Momentum transfer for practical flow
computation in compound channels. J. Hydr. Engine. 125: 7. 696-70.

8.Bousmar, D., Wilkin, N., Jacquemart, H., and Zech, Y. 2004. Overbank flow in
symmetrically narrowing floodplains. J. Hydr. Engine. 130: 4. 305-312.

9.Chow, V.T. 1959. Open channel hydraulics, McGraw-Hill, London, 700p.

10.Ditthakit, P., and Chinnarasri, C. 2012. Estimation of pan coefficient using M5
model tree. Am. J. Environ. Sci. 8: 95-103.

11.Ervine, D.A., Babaeyan-Koopaei, K., and Sellin, R.H.J. 2000. Two-dimensional
solution for straight and meandering overbank flows. J. Hydr. Engine.
126: 9. 653-6609.

12.Etemad Shahidi, A., and Mahjoobi, J. 2009. Comparison between M5 model tree
and neural networks for prediction of significant wave height in Lake Superior.
Ocean Engineering, 36: 15. 1175-1181.

13.Haidera, M.A., and Valentine, E.M. 2002. A practical method for predicting the
total discharge in mobile and rigid boundary compound channels. P 153-160,
In: Int. Conf. on Fluvial Hydraulics, Belgium.

14.Hosseini, S.M. 2004. Equations for discharge calculation in compound channels
having homogenous roughness. Iran. J. Sci. Technol. Trans. B. 28: 5. 537-546.

15.Hu, C., Ju, Z., and Guo, Q. 2010. Flow movement and sediment transport in
compound channels. J. Hydraul. Res. IAHR. 48: 1. 23-32.

16.Huthoff, F., Roose, P.C., Augustijn, D.C.M., and Hulscher, S.J.M.H. 2008.
Interacting divided channel method for compound channel flow. J. Hydr. Engine.
134: 8. 1158-1165.

17.Knight, D.W., and Demetriou, J.D. 1983. Flood plain and main channel flow
interaction. J. Hydr. Div. 109: 8. 1073-1092.

Y4



WAY (1) 0)boud V) ale S g OF cilis iyl alone

18.Knight, D.W., and Sellin, R.H.J. 1987. The SERC flood channel facility. J. Inst.
Water and Environ. Manage. 1: 2. 198-204.

19.Knight, D.W., Shiono, K., and Pirt, J. 1989. Predictions of depth mean velocity
and discharge in natural rivers with overbank flow. P 419-428, In: Conf. on
Hydraulics and Environmental Modeling of Coastal, Estuarine and River Waters,
England.

20.Lai, S.H., and Bessaih, N. 2004. Flow in compound channels. P 275-280. In: 1¥
Int. Conf. on Managing Rivers in the 21 Century, Malaysia.

21.Lambert, M.F., and Myers, R.C. 1998. Estimating the discharge capacity in
straight compound channels. Water, Maritime and Energy, 130: 84-94.

22.Lambert, M.F., and Sellin, R.H.J. 1996. Discharge prediction in straight
compound channels using the mixing length concept. J. Hydr. Res. 34: 381-394.

23.Liu, W., and James, C.S. 2000. Estimating of discharge capacity in meandering
compound channels using artificial neural networks. Can. J. Civil. Engine.
27: 2. 297-308.

24.Londhe, and Dixit. 2011. Stream flow forecasting using model trees. Int. J. Earth
Sci. Engine. 4: 6. 282-285.

25.Mac Leod, A.B. 1997. Development of methods to predict the discharge capacity
in model and prototype meandering compound channels. Ph.D. Thesis in Civil
Engineering, University of Glasgow, 513p.

26.Martin, L.A., and Myers, R.C. 1991. Measurement of overbank flow in a
compound river channel. J. Inst. Water and Environ. Manage. Pp: 645-657.

27.Myers, R.C., and Lyness, J.F. 1997. Discharge ratios in smooth and rough
compound channels. J. Hydr. Engine. 123: 3. 182-188.

28.Pal, M. 2006. M5 model tree for land cover classification. Inter. J. Rem. Sens.
27: 4. 825-831.

29.Pal, M., and Deswal, S. 2009. M5 model tree based modeling of reference
evapotranspiration. Hydr. Process. 23: 1437-1443.

30.Quinlan, J.R. 1992. Learning with continuous classes. P 343-348, In:
Proceedings of Fifth Australian joint conference on artificial intelligence,
Singapore.

31.Reddy, M.J., and Ghimire, B.N.S. 2009. Use of Model tree and Gene expression
programming to predict the suspended sediment load in rivers. J. Intelligent
Systems, 18: 3. 211-227.

32.Shiono, K., and Knight, D.W. 1991. Turbulent open-channel flows with variable
depth across the channel. J. Fluid Mechanics. 222: 617-646.

33.Solomatine, D.P., and Dulal, K. 2003. Model tree as an alternative to neural
network in rainfall-runoff modeling. Hydr. Sci. J. 48: 3. 399-411.

VYo



SU s g g Lo las

34.Solomatine, D.P., and Xue, Y. 2004. M5 model trees and neural networks:
Application to flood Forecasting in the upper reach of the Huai river in China. J.
Hydr. Engine. 9: 6. 1-10.

35.Tarrab, L., and Weber, J.F. 2004. Trasverse mixing coefficient prediccion in
natural channels. Computacional Mechanics, 13: 1343-1355.

36.Unal, B., Mamak, M., Seckin, G., and Cobaner, M. 2010. Comparison of an
ANN approach with 1-D and 2-D methods for estimating discharge capacity of
straight compound channels. Advances in Engineering Software, 41: 120-129.

37.Wark, J.B., Samuels, P.G., and Ervine, D.A. 1990. A practical method of
estimating velocity and discharge in compound channels. P 163-172, In: Int.
Conf. on River Flood Hydraulics, London.

38.Witten, I.H., and Frank, E. 2005. Data mining: practical machine learning tools
and techniques with Java implementations. Morgan Kaufmann: San Francisco.

39.Wormleaton, P.R., and Merrett, D.J. 1990. An improved method of calculation
for steady uniform flow in prismatic main channel/floodplain sections. J. Hydr.
Res. 28: 157-174.

40.Zahiri, A., and Dehghani, A.A. 2009. Flow discharge determination in straight
compound channels using ANN. P 12-15, In: World Academy of Science,
Engineering and Technology, Italy.

41.Zahiri, A., Dehghani, A.A., and Hezarjeribi, A. 2012. Determination of stage-
discharge curve for laboratory and river compound channels applying genetic
algorithm. J. Water and Soil Conservation. (In Persian, In Press)

AR



Sciences and Natural Resources

J. of Water and Soil Conservation, Vol. 20(3), 2013
http://jwsc.gau.ac.ir

Flow discharge prediction in compound channels
by using decision model tree M5

*A.R. Zahiri* and Kh. Ghorbani*
! Assistant Prof., Dept. of Water Engineering, Gorgan University of Agricultural
Sciences and Natural Resources
Received: 05/14/2012; Accepted: 11/19/2012

Abstract

Accurate computation of flood discharge has specific priority for many river
engineering projects and flood controls. In flood condition, by flow entering into the
floodplains, hydraulic flow is more complex than usual. Recent studies have shown
that existing methods do not have sufficient accuracy in calculation of flow
discharge in time of flooding. Therefore, many modified methods have been
proposed by various researchers. These methods are often time-consuming and
sometimes need to use numerical solution of differential equations. In this paper, M5
decision tree model is proposed as a new solution for accurate computation of flow
discharge in compound channels. Dimensionless variables of the flow depth ratio,
coherence parameter and ratio of computed total flow discharge to bankful discharge
have been used as input data and ratio of actual discharge to bankful discharge as
output (target) variable. 400 stage-discharge data were collected from 30 experimental
and natural compound channels and then divided into calibration and validation
groups. Using decision tree model, four linear equations have been derived for
calculation of flow discharge in compound channels based on depth ratio. By
statistical comparison of results, determination coefficient (R%) and root mean square
error (RMSE) were obtained as 0.939 and 0.382 for calibration data and 0.938 and
0.466 for validation data, respectively. The proposed method has more accuracy
than the DCM, Ervine et al. (2000) and Haidera and Valentine (2002) methods.

Keywords: Flood discharge, Coherence parameter, Decision tree model M5,
Compound channels
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