il (o ilie 5 555l pole olSiils
=5 elS oMol aoliingyy

SB35 Blao Oliguw, 355152 55 Siowdgd sl (2,5 (o)
(o Lol 3 eyl sl 0595 163590 axllag)

Cgnsl 58 g S ygiesd B doo Iy 3158 Jul ¢ s by )
Ay Coy ol )l ol )8 ggomaily -
(farzadm102000@gMail.COM : Jggune odiuwg3) ey a5 oKl ybobiwl ¥
Al (gD yd oKl bl Y
3ygizx o8I ¢ 2y —F
AF/ONVA o pdy )b AYNYA il o)

S
9 u.;l.wl}.w 1V 9 Cow! )‘3)9&).3 d)l..""“". Cuo| )' ‘u.ji ‘_glhb)s).v 2 lhdﬁl&.ﬁg) -b.wg; X W) Jo OL!}W) )'..\541 ‘5,;5.3 3)51).3
4 b po Olidod (bl 32 (Gl & 39 o0 (B coto Sl 51 (lao Glignsy (013 391 2 o Guwlio S g Sl
Olsiedy 51352 Crndlo (6 8 s US> Jdo dloar 51 cpile (6 153L SR, 41 loF o0 W9, (ol Ao 51 s 1 o]
gl 05 Blao Sligwy (23 Gliwe b ) BSWEST (nl ()8 (plRei ol )3 355 )Wl (Egan (as &S g
1 a5k GiRgg ol 52 Qllbl 859 Blre Sligw (St Sl (§3959 SR B S 5B (w0 3590 390 ol
983 (bl e Sl VWAL Jlo BITER Jlo 51 5 kol 0,93 4 b2y &5 il 9 ()b c(ilee Dgmy (23 Ol 2o
4 RMSE g R (g bl (sb,lre gl Culed jd i o3liiw! R RMSE MAE (g,bl (b bre B Jus owl guli Coxo
EAMMY /0T g « /AT ol C8 3> Jo <V /TA g /AN cmas a5 ko 0OATY/VY g + A+ dodiw (Jodie Jdo (gl i 5
b dnmlio )3 ylusieiy 15y coanile o5 315 WSS ouel Cawd &1 yudlis ol +/MARA o +/A ey I3 oaile Jowo

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.22516174.1395.7.14.9.1 ]

[ DOI: 10.29252/jwmr.7.14.95 ]

RNV 991 X Wy JUCT 3 KY) VI PR (R S PR SR WA Ry -#) LS T-L SOV L F YR PN

Doy A (S0 (Hlgilly 51352 eadle ((Eguan (mas A5l el CB )3 (Blae Dgmy )l 15 IS o3l

Sy 255 (pl 4 QLS Gl )3 (s 44 g gy
9395 Ol (25 Glos39)9 b 4wz gy 4Sed &S
Wit 050 65Vl €83 S gy 90 9 S (2
(smas d5ub () €83 &5 A L gk @l (e
ol YL gy domiw boxie (g ybgy 4y Cans

oy sk Giledre 3 F) Ghlsen 5 (S
o 4 souas e laSls l eolaiwl b ailiag,
el aly p oad WLl gl Jle & i) dxs
Srube Slpen oud odalie JS Cguw) polie b (uas
Ll 3 1) gy shio Slgi o 'MLP a5 0329 4y 9 5,3
el 25l 95 4 Sy

L Ol e 3les Slgusy 3515 55 (V) (A g 55T
&S By 4o opl 4 (88 preual 1550 Jde 51 eolatwl
gy 4ot (Lo powye gy b duglie ) Juo
Lol aild o0 L;);b)’l.\ﬂ );slu L S o s ‘_SJUQJ
Sligy > i 3 V) fSen 5 i) S
o 4 "SYM 5 'GMDH sl Juo jl oozl b (slao
Slhgwy 2> (Supbn > Jho 93 (ol &5 Sy i
9 ‘5:1)9..;».3 ...\J)l.) (5’YL’ .))S:Lo& &9 45&.)9) lem
3 oslizal b slee gy 3590y aallnn 53 () ol e
LS s Glisels jsul oj> )3 (oouan (ac 4
Car |y o B @l esias s S &
el a8 o &l ablas oKl 3 lee Hb (gilwans
b oloj slags o 3JUT LS L g 5lal (300f ple g (o gtuan
O3S S c@oly Jao S ) 4 8o (sla gy U]

doddo
Caod | 4 &5l (ganl B (I gm 5 Hiuloyd

sowl iz 5 gl slaoje 3 ol S 3,
wislsl dox Sl Slhee gloojgn 4 nilole ol

ol dbe pe Al 5 s cuty > Slgw) (48
Jo % Bl ede e 0t g aojle oS
g oxd Bld gl Ol cuds cbpadli sy wpey
S35 e g o> 39l 1V el S0 35 (6555l
9 Lg)b)'.,;'qi ‘LS'J &lo3gym ol Jfo C:l.g}w) w;ab &
dy90 3> Opbime Sl Gl 3y9e ol @l I gyl pose
b Slazuiles pa] sla Sl 55 Gauw)y sl 5 iolu,d sy
A S glgis 4 esan Jhgn laby) I edli]
A58 dobro 1y lee Sl jlade wyis

Ol Blre oguy 33510 ) (V) Slbe sy 5 g
a hjeel milgi ol g mas &Sl eolatwl b yliw )
dgzge Syl gm I & S, ax ol
s R=+/A%0 Stuwedr ops b TRAINLM 1,65
Lol 135565 oy 100 RMSE (ton/day) =-/3 -

cdale 35l 30 (VY) oh)lSer 5 bl sadss gls
9 Souae (mac AS\M.) )I odliiwl lJ 431)'9) dl:..a gy
Alogy 03 lojlwargs cuil by, 4 laedly sandses
aljey slod g )b sl jusie 1 oolatwl a5 oy ol )8
2 ok s daodly Sloj SS9 by (20 olyen &
Wl 4zl A9y Cgwy 3590 B i3l

O3S Sy awlie 3 (D) olgelsy 5 (Jlin
Ao goie gl by 3l odlaiwl b ailjey lre ogus

1- MLP: Multi-Layer

2- GMDH: Group Method of Data Handling

3- SVM: Support Vector Machine
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Figure 1. The geographical location of the study area
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Table 1. Values of statistical parameteres of the used data

ol 0 oad eolatwl slaedly pines (sl odd el
ey Jold b g 3980 Jalis |) gy plod (g
pmulb)]ot“ﬁu)bso.\wwl)):dluuw)swl
& barys ol (55 0l glrosly IS slass .cawl 54250
039 03> VFY ol A B ¥R gylol 0)gd IS 5> ogu,

oLl 3y90 (glaodl> ‘_;)Lo] b ol )l polie =V Jouo

o ok & Solel Dluoguas:
) - [oA VIEY eobe

. . -[o¥ Jolas Uoiel als e
aUy- w visy Sl
VYV ¥y -IN¥ Sy G

Y Y/¥o /oy ke

. . JIf Jslas i
AY % Ay A O
VA Vigs Nia Sy G

Or oSy dal) S gy dodi o Jie
gl Bl gy (23 9 Ol (03 bl (slaodls
Gy odd aslis LS slasdly lea Wodls (pl) 54 0
gy chle oS lajy) 3 Bl gy liy, (0
03)51 Cowd & )" U g o 3)5‘).3 ol 04155 d)ﬁfo)’lb\
2 ooy (gw) diw dotie sy 0 b3 dbles
013 Sl (9ol al>se (sl o alrjg) 4 bsye Sl
S S &S Gy 9 o0 aa’la A3 aaly ol yo
dtas oo §l Jols doles )3 (g0l dls o 03 (slrodly
dplne dbgiye jblie w5 XS e S8 X sl &
ol 1y Gow) domiw o dblee O dayly g e
e e

b

Qs = aQW (A) “L”.‘)
PO LA 2 S e cs oy (22 Qs ol S
Dgay asl pceSope cusp g 2 Qu o
At ddlee Coll ol s
e (Sielan uae aSud I Al b oS sie oleMb
Lo ke oSl gadS paie Wload adle Ll
yaie (630 30w &S cul ] SleMbl 55155 aii
B sl oo b Sinlon o8 (51 (55 SLL1 L (05
weae &S Hdle 1 Ghegh ol o (V) oK
a )Ll wyssll 5 aseSw @b b Y s gy
sl 045 odldmwl Cde
A 4y oS (93959 OleMbl Cdl > 1 639y Y (A

ol ol 4y dsy

- . . Yo

905 B 295 9 s Y ot ol Y (¢

oo )l38lp 5 5l 03500b (sl gy Slusle o 12l (s
55 laae sl sl Y bys o odlizel (Y-1Y)
o) ol Jae g oolawl Gl L8 sy (il ey cond
SaS el 3k basdgyg Slysis atels By Logas Jac
Sy o Jr Sam s e sl 4 GLL
daly 51 (00) phlen 5 535 GBS sbodly (giloley
3505 o2l (V)

Xn - M (1) akay,
X =X

& Xmax 9 Kmin 04 odalie odld g_é)m X :dJa.gl) Cﬁ-l LY
Kn g odd odnlie glaodly jlade Sl 5 Bl cuiy
Oigy b b Jae pl zls sl jo ol sad Jloy ool
5 b)) sy A8 dulie Cguy dmi (Soue pawye
Sl laylae jl wodlitul 5y50 slaJae o) auslis
RMSE) it oo (5:5ike i o(R) (Siod s

ol 00 ookl ;5 lailg,y 3 (MAE) sllae cllas g

n_ (0 -OXR-P)_ b
/20 -0y(R-P
GRS
A (1) el
) el

vag - 20 =P
n

3590y pdlia P g o odnlie polie 10 oy, cpl y &S
ol 5 Sle 1P g s oanlie yolie 3Slke 1O s
el jobaieds ol ladiges 2w M g ond (¢ 3bodns
gk cnl ) odlatl 3y90 (il e Boy b S
Pdise ol 3 gty plS 50 3590 53 Jloal sy
g i i Jb0

1- Neuron

2- Input Layer 3- Hidden Layer


http://dx.doi.org/10.29252/jwmr.7.14.95
https://dor.isc.ac/dor/20.1001.1.22516174.1395.7.14.9.1
http://jwmr.sanru.ac.ir/article-1-760-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-03 ]

[ DOR: 20.1001.1.22516174.1395.7.14.9.1 ]

[ DOI: 10.29252/jwmr.7.14.95 ]

)

Olsuly 415 2 (ailo
oDy L;LQ9§J| ub)f).»'.o...o 9 RS ¢y Oﬂl XS
Glndiwd g (gdidids gy v oSl gl Lcuolaodls
ez o Slwe 9 23 1) Ui Ly VS Lo 3 lagSl
ijeel sleodly anail L;Ua& 0255 05 (S kg
d).S.)L» d‘.mu,us) )‘ u.i) (Ol )I.))J uAAA)LQ LMI 039.'
u9~*’)5) 5 RPIvERR &y L)I 5 &Sl U)Ua.: L

NS g9y p Lgl.tbd&..w Jile )..9 SVM .\,USL;O odl&iw!
LogSl s oS sl Slgie e olad sl &l g @Y
Slagmdle 4)la 0,5 )15 oslatul 3)00 (Jad s (Bl o
2 &S ol anaib b s B9y SO olusdy by
o3 oje> (nl hNiagh ey ol S bl

(VF) cosl

(Eguas pac dSub dotuw Goie sl o

@ bgpe polie s platdy oy odle 5 el 8

Do ¥ Y sl 10 0dyel sl Juo gllod olojlso

Sl ol dosae godie (V) JS6 Cuwl odds edly LS
Amd o Ui 1y (objgal (slmodls

Joo @l o cul Jao o Y 311 295 s (2

5 oMb oy Al b g jloges (JSS il Cjgo @

D oo &)l
(5 5 ondi S 3

b @lgs (0055 el (sB9) 8 S el 353 6550k
4 0B g 0dgs pylie igdiie slaodly &y &S dunS Hlade
Gy Caol Gz a3ls 93 gl GbMasl (5,850
él Wlsgorme « olyituol maoas ol (VF) D4 e
Ol ) pread €85 o g 3pS e ) polee (slaodld
degotre Ojgo &y Blgf o CA D L AS o gl
29 odlitul polas (sl g 4 mpiy sl (Sl
g o0 Ml o dlasg 4 i yd aS adol glaodly degormo
B (V) Ngd e adlis Sjgel (slaodls o 4
Baixs cpl g3 bl e L 1) Lalisee sl 53] qunenas
Ol by Cwl ods edlawl CART o,
ool sy 4 )b gl (CART) aiail g (Jom S,
sy (V) wb ol YWF o » o)Kea
sy 4503 93 1By Jols CART Lawgs 0 ao5 wpoucss
sloodls jl (canands s, u)l 2 b paeual 0)5 y&
..\45‘_;0 odliiuw! Ma) ub)b BM]a.o‘ el dl).) Ls.71:)1)
L claodly (cun dib (lp paenas B o5
VF) 29 o0 03laul

gy Ao (G (g 50 b (slajlae polie —F Joi

Table 2. Quantity of error criteria of sediment rating curve method
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Table 3.The results of statistical errors of artificial neural network model in different input combinations

in testing phase
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Figure 2- Rating Curve obtained from training data

1- Output Layer 2- Fisher
4- Classification 5- Regression

3- Supervised Learning
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Table4. The results of statistical errors of decision tree model in different input combinationsin testing phase
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Table 5. The results of statistical errors of support vector machine model in different input combinations in testing

phase
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Table 6. Results of comparison for the mentioned methods for the best condition
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Figure 3. Comparison of the out puts for mentioned methods
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Abstract

Accurate estimation of the sediment volume carried by the rivers is important in water
related projects and recognition and suggestion proper methods for estimating suspended
sediment goals which should be conducted by related researches. Among the methods that have
been recently used to model suspended sediment, machine learning based methods such as
decision trees, support vector machine, and artificial neural networks are importance. In the
present study, the applicability of such techniques in predicting suspended sediment load of
Babaaman watershed in Bojnord, Iran has been evaluated. Input data for predicting Babaaman
watershed’ suspended sediments in this project are: Debi, suspended load, raining and
evaporation, which are related to the statistical period 1349 to 1380. In order to assess the
accuracy and precision of the model results, statistical measuresincluding R, RMSE, and MAE
have been utilized. Consequently, the results of tatistical value of R and RMSE for sediment
rating curve method 0.80 and 55863.77, neural network 0.98 and 1.28, decision tree model 0.96
and 48881.56 and support vector machine 0.99 and 0.6998. The obtained values reved that the
support vector machine was more consistent with the measured values compared to the above-
mentioned methods.

Keywords: Artificial Neural Network, Decision Tree, Sediment Rating Curve, Suspended Load,
Support Vector Machine
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