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1- Suspended Sediment Load (SSL)
4- Quasi-Maximum Likelihood Estimator (QMLE)
6- Smearing

2- Sediment Rating Curve (SRC)

3- Underestimation
5- Minimum Variance Unbiased Estimator (MVVUE)

7- Meta-Heuristic Algorithms (or Evolutionary Algorithms)
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1- Particle Swarm Optimization (PSO)  2- Imperialist Competitive Algorithm (ICA)
5- Root Mean Square Error 6- Mean Square Error ~ 7- Mean Absolute Error

4- Nash-Sutcliffe Efficiency (NSE)
8- Non-Dominated Sorting Genetic Algorithm Il (NSGA-I1)

3- Froude Number

9- Non-Dominated (Pareto Optimal)
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Figure 1. The location of Mahabad-Chai Watershed and Beytas Hydrometric Station
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Table 1. Statistical characteristics of the data used during the study
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1- Two-Sample Kolmogorov-Smirnov Test (KS)
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1- Kohonen Layer 2- Competitive Phase
5- Best Matching Unit (BMU) 6-Davies-Bouldin Index

3- Co-operative Phase
7- Proportional Allocation

4- Adaptive Phase
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1-Back-Transformed 2- Mean Load Method
4- Smearing 5- Pareto Optimal Set

3- Quasi-Maximum LikelihoodEstimator=QMLE
6- Pareto Dominance and Optimality


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

W ol sbojon Blas Coguy )l 3y sl 3 gy domi (godie Jhe DS Gl 53 g 3,80, K &)

L e (Suwly 4 03lw] 3,90 Bud &olgd

9 SSL oo (oxiwly sshiedr pimgy cnl
ol S Sl b sham a5 Sl Jao S I3
YL SSL ;15T (¢l RMSE L, NSE) 09,8 ,a j| oo
o1 oolizal (15l SSL » 456 (4l,; LOGE |, MAE
ALY slaalal, ol

LOGE = \/% X Z?’:I(Log(Z—j))Z (V0 dlayly)

MAE = Z=105=5))]

(W akaly)
2)1(0-5p)°

NSE =1 — =
S 2)1(0-0))

(VA alayl)

Blre Cge) (23 i Sy Of (3 sl
sodly slawi N ((joy o op) odd dy5ly g (slosalive
buwgie 10 g ((oxwly Lisu sloodls) Jio 4 ond byme

Olgisds VA a5l a.?l.éL.:] pRiad a5 cal S5 4 p3Y
cade 9 ) og) ol oS i el Bua @b S
wly loy 3 10 9 (VA daly) cusl ons exlazl (g
o8l NSE jlade isw opl b, Jolis 4 b oo
b e
NS_objfun = 205" (V2 alaly)
- 2)1(0j-0))? -
S5 mi2 93N b (g5l e slogy L

Silosise Jold (siludinne lasnld gl cul 5

5 (W) 5 (10) Lls, KaS & (SRC-GA-I 5 (s535)
. \. .
58 culpd) Coguy i (dxie Jdo slajially e
D ols s ol dapl 5 g Sy g g (V dlee 3 b
sl 9> ol (s @l Ll (oxiwly dliue 4ly
Sbiyl 2590 (S Lisw) (Dbl slabre (ol (e
Ly 0 518

Siwodle drodly (uinaded jolaieds (uols imels 4o
sladios plxl (pizmen 9 PSO 5 Suj (slae )<l
ol odlatwl R2015b ases MATLAB l58ls 5 5l < gLl

|

(V) abasl)
iffvie{1,2,..,n)}: fi(a) < fi(b) and
3i € {1,2,..,0)}* fi(a) < fi(b)
slad > gl a5 prenad slajby dcgeme
J&“l)%bwd‘ﬁ»&w‘”bmw
Sy lseas NSGA- i)l o bl 5 aims e
booi)sSl opl @gd oo ablid Cumer p (e oSl
L;L‘bbbol) Jolis oS (Pt) Oi'\‘”9 Cumed L;‘).)La.» S
So sl () Was 53D 58 ol ingly (ol ) osil
Soe 3l ool b o] 5l e D95 o 5] Mt aliune
Sy Js o 31,80 5] d\mwv‘ R
5 (59 ¢ Nade SBEl Jiea g bl > 8,0
iy g5y g dbl® Jos oadobxl 5,8l dcgermo
5 oM L e g 25 e pll Ll Jes
b Cures oyl o] ;5 . (Qr) d9 o0 dbul Kbl i
oy (S3gmo Cygods 9 A5y s p Il @Bl LSS
oy S sl ° Sragls e S 45, Mie g e
) Yoo 5 I
Dydso dple gl aw b ol g Tgisl (Sl
¥ 45 (aisliel o cppite b Behate ) 45y Jle
s 4y e ulul -PAU‘ 9 sdn g e Gl
sladsely & cusl olasol) Jold ag> ool cplpl
(7 JS5) dleiin o | o 5o
G p it Sy ddy gl & Cumon I olac]
. - . .. . ﬂ . . ;M
Sedso COye Jop Oygod y (el3jl) (o515 alols
(VFBAY Llyy)
d11 — fi(Xiv1)—f1(Xi-1) (“, &v.l))

max_ gmin
f1 _f1

d12 — fo(Xiv1)—f2(Xi-1) (“.. Ala;.l))

max min
fz _fz

d; =d} +d? (VY alaly)

i oST5 Al olie iy 4 d? g dE oo o oS
9 Fi (i) (fi, F2) Gum b (peg g (gl sl Jool,
(i+1)" Gy Gan mb omesd 5 sl polie Fo(Xinr)
i é:l.s Oe9d 9 L)""?I )J.)LM :fz(Xi_]) 9 f[(Xi_l) cJ>D|)
& 2max9 fzmin ‘flmax ‘flmin cJ>o|) (i_l)th d‘)’.
P> 9 Jol B @l slp dedin g 4ineS polie sus
9645 oy Jol 4353 )3 o (sliael oSl aoes

235 (o il ye (o1 alol cus yy pgd dxyd
GV 5 alas] (Py) ho! Cumen 3,31 slus b il caels]
990 Cumex slael ady g odb bl AT e Cuw S
i Juu Cuzos w.\.«.‘{}g_al:idj\ LgLé:.cl .(\\) Lguh g0 iy

}Q.’?!.A’“ l.) 3 ’A‘OU > ) ‘}’.I ).) )9§M 45? 9 .M.)L;O L&MJ” l)
1- Binary Tournament Selection 2- Cross Over 3- Mutation 4- Rank
5- Fitness Value 6- Pareto Dominance 7- Non-Domination Level
8- Front 9- Crowding-Distance 10- Decision Variables 11- Solution


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

VAY

WA bl g 5ler /N 0yl /pmd Jlo jusul 0jgn o e dolitingy

Losly gaodamigs oS

o> 03l 9 SOM ganadgs o )sSUl jl edlatl L
Y5 cdalllaodyse (glaosly jd digy (sladded dlisi ¢ pily
bl ool @l ppiman (f US3) 05 (s a5
Py 4 geejl g (Primly gaodly acgecne KS (905
okl Gy Jgde 50 sl oddodly LS Y 5 ¥ Jglis
N=0 &8 Sl g o3s MATLAB Jl58la 5 5 KS (y05]
D258 338 315 3, (Ho) i 40 4 ol i il &
) (051%) 2op> S (sllad s 13 5 (05051 Ho
5 OSS degemme 93 o 10 odld mjer (Mo pd A Ll
Ll Lo

e (o) dwglio 9 b))

e izt sl Jue Sl Jols gl (bl jslateds
Dy W (e (e S Jde Jold dpgu; donis
SRC- SRC-FAO SRC-CF2 SRC-CF1 SRC)
Gl ) Sl b ooad  sxwly o Jae 5 (MeanlLoad
b)) 2l duglis 5 (SRC-GA-II § SRC- GA-I) K55
ul.o.aw;)J ‘(‘_'”n)‘] AS gasne SSL) d\o_\.aatsla L;Lm)b b
VA G Lalyy Ko &) allad sl cgpiSojlasl 5 (Sdl,S
b el (Ve
2

R? = | EIa(0;-0)x(S;=5)

JERa0j-0 2l (552

(v+)

oy glalio Gowy (25 bwge :S; ¢Y~_&».I) »
Fom O?‘jl 4 gano

Davis-Bouldin
Index
o
3
o
[ Z
% L

25 30 35 40 45 50
(K)aigs slass

) QJAJ}: _w.)y.) ua>Lu 9 SOM d.&.ud..w? )l b.)LD...wl L: LQM? w.)l.\_u L)M’J —\‘ Js.m o
Figure 4. Determining the optimal number of clusters using SOM clustering and Davies-Bouldin index

. ol g omiely lbassacre )3 odlitl 5,90 (slayiite o)lel (slo el <Y o
Table 2. Statistical parameters of the variables used in calibration and test data sets

(Mo ) Slysss g pu> SNo> e Al o Byl oSbe 031> ds gasmo / Jdo (slb o
(436 ) o yio) Gl (0

\OY/-Y AT o/ v/ Y/A- vio- oy degome
\0+/+0 YIvs ey YAy YIVA vioy 0] 45 sa3e

(39> 2 ¢¥) Blre o) Sl

¥V /50 VI¥Y ol DYFAIVY AV¥/FA VWY/Y - Ls"““"lﬁ 4 goxo
OVY/YA & of-¥ IAARIANS VEYI\Y VFO/YA O905) 4s gecme

losls (slaigas 93 (KS) Bgi a8y SsalsS” (3lel (90]] b =¥ Sy
Table 3. Results of two-sample Kolmogorov-Smirnov test of the data

h D. P-value 03l ds gasro Jde slo o
QAT QAN iwly ds gazne (4l 3 Ko yio) by (20
A vE 93l degere (39) 2 F) Blae o) Sl

obe » Cwl (gpcwlio 3Sles 4l)ls SRC-GA-II o
5l s LOGE 4 NSE Gua xb g3 5)Sles «bin zlgs
o @y e plysa @b 9 ool rlply g 039 4
Sas obawl SRC-GA-l 5 SRC-GA-l sl Jae sly
sodls 4 SRC Gz slaJo o5l & JS

W0 o i |y ( oiwly (slodlsy degormo) (laalive

L o SRC s slaJas b ls ¥ Jpss
Ly ol odal Conday 905l claodls acgeme I odlaiul
5 SRC-GA-l o Ju) GA loJio mso ol
sl e & caws gye 2 g50e 3 (SRC-GA-II
SRC-MeanLoad SRC) Cgw) dovws (gove g
Owcren Sl (SRC-FAO SRC-CF2 SRC-CF1
& 1230 lis SRC-GA-Il 4 SRC-GA-l 1o duylio


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

VAA

ol sbojon Blas Coguy )l 3y sl 3 gy domi (godie Jhe DS Gl 53 g 3,80, K &)

0903 (sodls b Gguy dmiw (e cilisre (slaJdo obj)) s —F Jgdo

Table 4. Results of evaluating various SRC models with test data set

u%‘)lf LSL“)L,M
i e
(395 2 &) (395 2 &)
«[AY NAYd WAV £AY/\0 = 5/5345Q,,473 SRC) Gigwy doviaw o
Q Q ) (e
. . . - 1/4753 Rpe R Pe) Fatad
IAY A VVF/FY SYNY Qs=10/1601Q,, (SRC-CF1) S0 el oSl
(=) 5 L (= Aot X W
. . B - 1/4753 e R P 8 ]
IAY ¥ WY/5 SV Qs=11/4197Q,, (SRC-CF2) e s b 25
(=) 5 L (= Aot X W
. . - 1/4753 e R Py T P
IAY ¥ VAT YAY/50 Qs=31/6380Q,, (SRC-FAO) 4lé ol
buwy b o A SO
. Y . — 1/7986 9 PPy P
A % ay/.y Fiv/aa Qs=9/7081Qy (SRC-MeanLoad) boezss
L oddaingy gw) domi (xle
/20 /Ay o Y.o[s8 Qs=5/9431Q,7'%% FERPE GRS U |
(SRC-GA-1)
L odddige gw) doxi (e
LV AN Yo/ V-Y/A¥ Qs=1/0024Q, 7! HBan L S5 v y55]
(SRC-GA-II)
7000 @ Observational Data .
6000 1 — — = SRC f = 10024327
-
% 5000 1~ SRC-CF1 e . yZ 59431501225
7 —— SRC-CF2 e s
5 4000 3 ———.sRc-FAO ° S »yf}é;ggi?(%%é
2 3000 § ----ee- SRC-MeanLoad LT e T
2 2000 177" SRC-GA-I ° et iy B
3 000 _. -SBC_GA_“ ,_ __________ y= 11.42x14753
10004 T __e=mIgeTT == =y =10.16x14753

15 20 25 30

(e )3 oo ) ol (20

(miwly 03l de gazmo) (Slanliie (gboodld 4y Cgusy doius (oo calidee (gla Jdo ijl —0 S5
Figure 5. Fitness of various SRC models to the observational data (calibration data set)

Ohlen 5 sSM=350,%9; @l & 425 b cunl b (2
Algiie y Glae @y (25 bl aops VA ks (1Y)
Jdo 5 008 it ite Sy L ) odlil 5 g,
d9diee el 3 9w jl gy doxi (Goie (g )S)
P ogwy oy JolS gilwans 4 pB Juo ol &
@l 5 (SuSTy Jloges & JSB aBls 3k 9 o8 sl
)J) ol odaline 3l Cogwy (o0 (gilodnd 5l ol
ol 1y Gz glaJso lawgs (Q}o)'] slodly acgaze

ABd o

Srar Oppods Olie s S5 & pbples

ilp bl ple 4 cowd GA slaJso wged sdalin
Sl edly I (A daJae cdel jo laily edls 4 (g i
DA 93 33 Olgien ) JSdia ol it 593 (g S5 LS
sleodly o Lol Mo I (S ST s Db us e
(Sregyi Solunl ) odd (pSoilul (rgw,
elplo canl (oM bslyds 5 oladiges 18 L g dgueS
s oL (Slalie gleol cuas o9 b
ove Je @Sl ped amd e ialS 1y oad oly
S by 39 018 sy it S RS cogu) doxiw


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

VA

800
_ 600
a 400

0.0988x + 19.
R2=0.83

[

SRC

Sllre 3lae Cgu) )b
9) )2

0 5000 10000
(590 2 09) slornlin (slre g, 5L

y =0.2038x + 40,2¢43
4

SRC-CF2

0 2000 4000 6000 8000
(39 2 ) slosalin Blae Cigu) )b

4000 y = 0.4775x + 53.314

=, 3000

& 2000

)

3 ~1000 SRC-MeanLoad
332 0

3

i)

0 2000 4000 6000 8000
(39) 2 &5) slosalia 3lao Cogu) b

0
(395 ° o) loalio 3lxo igus b

WA bl g 5ler /N 0yl /pmd Jlo jusul 0jgn o e dolitingy

SRC-CF1

0 5000 10000
(5ay 3 o) losnlie lao gu)y Jb

o 4000
) = = 0.
H 22000 0.8354
3 1000 SRC-FAO
—3 O LI N B R B |
K 0 5000 10000
(595 2 &F) lornlia 3lae g, )b
6000
3{ 47.403
3 ;2000
3 = SRC-GA-I
Y 0 5000 10000

(395 % 0¥) slosnliie slae Cogu )b

y=1.0019%+4.714

SRC-GA-II
5000 10000

gy dorias it Cilises (gl Jo (093] dl yo) Sl = Slusls lao gu) (23 lalas (ST, (slaloges -5 IS
Figure 6. Scatter plots of observed and estimated SSL (SSL for the test data set) from different SRC models

iy asye > NS_objfun 4 LOGE Gua &b o
a5 B jlae (S5l amd o L |y o duwlore
i cuslio glaJooly 5l (glacgammo g B ml 90 o
3 le (039]5) @l Wlgoo & (olael lacly)

.(9) D)l.): W) .l.b.)u.a uLw) ]) RW-N 45‘)‘ ‘) SSL

I ors oSy bdcud palie « SRC-GA-Il Juo 5
wlo 3 (FAA 5 ¥MEY Ao G ) R? g VT
2o Jeitie )l At drr ¥ JSS sl e e
Lo () aly 0 b ga culpsd) wolio pé slasol,
Olipe 535,54 9 NSGA-II S5 w253l 5l eolal

0.7
e
+r
065
<
H o T
= 06 T
o F
Hr .
ol +r
055 f < e
0.5
0 0.2 0.4 0.6 0.8
NS objfun

NS_objfun ; LOGE Gua xli 93 ol jors 4 g5,y g 4 =Y S
Figure 7. Pareto optimal front with two NS_objfun and LOGE objective functions

1- Intercept


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

- 5l lmojp Blas gu) )l 3) gl 53 Cguy omi ixie Jaa (LS GRIF ) (g 3,509, S 1))

Wby o JBlas 4 1y sxle 8L x50 48 MSE 4 RMSE
ool B mle b dwolie j3 .3)l dgng (ol Lol
4 Cuwd LOGE L MAE s xls (RMSE 4 NSE)
Copnd (S8 1 g GBI (508 Capmoliss ¢l 2L ol
Wxiip g L pde Cawles (b o5 ol 4
5 4 e b (0TF) wlaie SIS, Iy Jso 2,Slas
S5 5l oslatnl b Wlgy go ddun din  suiwly B> (YY) Wge
w0dbdiaS Cllae 4y axgi b .l g 09)3 yo 3l Bus &b
Jdadie ddan > oxinly jolated Sl Gimgh )
oaedia il plejen edliiwl a8 NSGA-IT o5 v o]
wh aaly cpl b edlaiwl Lles o puns |y B &)U
iy 390 NSE g MAE RMSE LOGE G mlys
5 NSE Gan olyi it LIS & so55 b 5 €65 3
&9 o olysa @y ol SSL syl > LOGE
bl SRC Jae )05 ddia i oxiwly ;0 Gus
dan N i 0 &b g cpl 5l lojen solatwl Lud
23le 35510 55 Jse ol 2,8 b i cog0 SRC-GA-II
odlitwl AL SRC-GA-l adua & Jao 5l o SSL
2 e, xiwly 0 SBue Gua mly 1 lejen
{F) oS 5 IS 1Y) Wgo slolS 2ol L g, o)
(VF) usbigusss’ 5 puslslind] () oen o 5)og>
xly g ogde s e (V0) Jbgs 5 o5 4
(ilwJde 51 8 odly ganadsd o (gilwNen b o
ok opl 0 Cueal a4 & cwl S des
ORIl jlaied S gt 88 )5 AT g anginyge
Sladises Cusl p3Y die 03ld (gl Jdo (2 praxi yad
ooy GBymo g oailed o Jio oxiwly > edlatwl 590
sskitods 500 (w3l Bl (ylol 0)93 Jobo )3 o
2 olaiwl dyge gbrodly (il b Jse puso obj)l
ly > oad edliwl glaodly b alie daJie 905l
sl il 5l wre Plae jl (S calinne ol sl Loy
ol pae dS go0idy ol Lgwne (Gilw Jde jd bl
9o 9 (iwly sassarme ) (San g il glaedl |
a3 3 45U cou ool s Ul gle Jbe ls Ll o
oSl 3l oolatwl b cpsls imgh 0 Lwly cpl o (YY)
ags 4 pladl (SOM) odpjlojluded  CuslSs  uwas
g Pl o odly l alie 5 (Seb (slardsgesme
5 L Gimgl 5l b5 cal @l )5 e el
d’l CJl“ )] oslaiwl (E 900y J)b u.o;Uao (\”\) 1)&&.&:
PRy cwle 350 K plysa Sl Giagg
2 dygly 3 gy i e (slae L 5

235 )ly8 odlaiwl 3y50 B4, lro gusy

(12,98 9 S
o5op o sl 3l ons ad S s 3y gols dlio oy
2o Gl (6598 e o9y oKl o
oy bawgi g )5l (5l 5sul o SB cblis 0uSings
5 bo slacoles I abwspn o cul ol 1l &

Do o S10,08 g S5 eaSimgh ol (soire

(Sralin > Blee gy sl o sl Syl
S92 o &l @ie laojle gl 3)Slas 9 Sk
Jo il oo )Sy laghs) p e e
s g Jlog Jesd j) cloaiSagume lisyd SRC
So ahla 2B badss cpl )l cob ibly 5 o35
S 31 it ooy Sl 335l gl (B 98 il ) ool
S5l i Jlg5 0 GAS wisle oSS slaeis ,6 550
@9 o @ Op A daly & WS Ay ol
Slsyd 4 bt )ol (oimen S (oo wal)S 1) g
Silodinge (sl o ISygbdr (V) Ko ged S0 (y90 S
x4 g ool ey s 5l SRC Jas culyps
s Sy eSSyl odlid b (b geS)
S byl coge ool )& b g e el
oS ool dms A oad e colps dwbre o s
P JSae o) Sedie cuw |y SSL e g3yl
Ol b Je slas g atdly (g iy 2505 (oM sla 00
sl Gilie colps (98T 250 b5 gl (@
o5 gl ol b ol bl ordedly] s oyl M
L SSL "5l (I3l 53 )3 sl il pomie 55
u;l P N o s sodls b Solite gl Ados
Cgwy doxiw (e e oMl (lmg}
SRC-CF2 SRC-CF1 SRC-MeanLoad SRC)
S5 K45 ys) SIS (sla 551 51 (SRC-FAO
sokiieds 5 (NSGA-Il adumns 5 SRC-GA-l abun
o) b & odlizel SRC Juo colps cojluding
25 b @l ol g SRC Gylae sla s 5l josllas
ohlSad 5 19 LoytamalfV) sabe 5 gl 1) Slisdl
() ohlSan 5 ol 5 (F) ohlan 5 iiaze d70)
2 loie U255 (xiwly > (MHebar )l Slyen
4’9) olge el o gl ol (S6S Gt jolateds
Jee ylp) B San é’L S gy g boll (ol
SL5 (FY) olSan 5 sl (FY) Cod B35 a5 (MSE
2 i g ol 4 Lol dag da b, opl 4o a8 Ll
srodly o dolh &S cwl gev a4 Jae sla el
& Gl p3Y dwy Bl & oddgilwdnds 5 slosalie
S 4 B ol Sl eolaiw] oS dgd drgi S5 oy
slodls jd &Sy e S pho gladis olod Bilgi o3
0390 PSRN S99 Hledy g0y piuw Q] Slosaliw
b asls alal, sl 55 (YY) Sl sloand |y o
e lSile 55U laws 45 (NSE) “CadSslu 5L
Sx5oilul slapadls uicese Sl (S (TA) )5
(wadls ol Cwsse peade (V1) cwl i LK
ool o5 Camlus (AYA) Cusl slacudgase (lyl> NSE
o (0 25T Slae) iz S (VL juolie &2 sl
2o > pite (Giloand jl alol glas ol b 9o
10 0 55 sl llysul goye 5l edlazul > 4 of oL
w5 ol gileans gy ) (SKdoe sl
855 0] el el (AXAX'+) 85 o s yiaS
YL ol wilgy o Ned e (riwly 75 4 e
wai B w300 0 anled (giludnd i 1) by

1- Least Square Error Method 2- Underestimation

5-Nash-Sutcliffe Efficiency (NSE

3- Overestimation 4- Procedures


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

)

(9,

© »® =R

16.
17.

18.

19.

20.
21.
22,
23.

24,
25.
26.

27.
28.

29.

30.

WA bl g 5ler /N 0yl /pmd Jlo jusul 0jgn o e dolitingy

&l

. Altunkaynak, A. 2009. Sediment load prediction by genetic algorithms. Advances in Engineering

Software, 40: 928-934.

Aslani, M., R. Fazl Ola and M. Ahmadizadeh. 2015. Determination of Nash conceptual model
parameter using auto calibration in Kasilian watershed. Journal of Watershed Management Research
6(12):21-28 (In Persian).

Bahmanesh, J., M. Mohammadpour and M.M. Bateni. 2017. Comparison of river suspended sediment
load estimation, using regression and GA methods. Journal of Watershed Management Research
8(16):132-141 (In Persian).

Bekele, E.G. and J.W. Nicklow. 2007. Multi-objective automatic calibration of SWAT using NSGA-
I1. Journal of Hydrology, 341(3): 165-176. S ) ) )
Buyukyildiz, M. and S.Y. Kumcu. 2017. An estimation of the suspended sediment load using adaptive
network based fuzzy inference system, support vector machine and artificial neural network models.
Water Resources Management, 31(4): 1343-1359. _ ] ] )
Choudhury, P. and B.S. Sil. 2010. Integrated water and sediment flow simulation and forecasting
models for river reaches. Journal of Hydrology, 385(1): 313-322.

Cohn, T.A., L.L. Delong, E.J. Gilroy, R.M. Hirsch and D.K. Wells. 1989. Estimating constituent
loads. Water Resources Research, 25(5): 937-942.

Criss, R.E. and W.E. Winston. 2008. Do Nash values have value? Discussion and alternate proposals.
Hydrological Processes, 22(14): 2723.

Danndhmhr, A., A. Olyiaie and M.A. Ghorbani. 2010. Suspended sediment load prediction based on
river discharge and genetic programming method. Iranian journal of Watershed Management
Researches Journal (Pajouhesh & Sazandegi), 88: 44-54 (In Persian).

.Deb, K. 2001. Multi-objective optimization using evolutionary algorithms, Wiley, New York, USA,
11.
12.
13.
14.
15.

512 pp.

Deb, K., A. Pratap, S. Agarwal and T. Meyarivan. 2002. A fast and elitist multi-objective genetic
algorithm: NSGA-II. IEEE Transactions on Evolutionary Computation, 6(2): 182-197.

Duan, N. 1983. Smearing estimate: a nonparametric transformation method. Journal of the American
Statistical Association, 78(383): 605-610.

Ebtehaj, 1. and H. Bonakdari. 2016. Assessment of evolutionary algorithms in predicting non-
deposition sediment transport. Urban Water Journal, 13: 499-510. o ]
Efstratiadis, A. and D. Koutsoyiannis. 2010. One decade of multi-objective calibration approaches in
hydrological modelling: a review. Hydrological Sciences Journal, 55(1t): 58-78.

Ercan, M.B. and J.L. Goodall. 2016. Design and implementation of a general software library for
using NSGA-II with SWAT for multi-objective model calibration. Environmental Modelling and
Software, 84:112-120.

Ferguson, R.1. 1986. River loads underestimated by rating curves. Water Resources Research, 22: 74-

76.

Gu?ta, H.V., S. Sorooshian and P.O. Yapo. 1998. Toward improved calibration of hydrologic models:
multiple and noncommen surable measures of information. Water Resources and Research, 34(4):
751-763.

Gupta, H.V., S. Sorooshian and P.O. Yapo. 1999. Status of automatic calibration for hydrologic
models: comparison with multilevel expert calibration. Journal of Hydrologic Engineering, 4(2): 135-
143.

Gupta, H.V., H. Kling, K.K. Yilmaz and G.F. Martineza. 2009. Decomposition of the mean squared
error and NSE performance criteria: Implications for improving hydrological modeling. Journal of
Hydrology (Amsterdam), 377(1-2): 80-91.

Jansson, M.B. 1996. Estimating a sediment rating curve of the Reventazon river at Palomo using
logged mean loads within discharge classes. Journal of Hydrology, 183(3-4): 227-241.

Jones, K.R., O. Berney, D.P. Carr and E.C. Barrett. 1981. Arid zone hydrology for agricultural
development. FAO Irrigation and Drainage Paper, Rome, Ital?/, 271 Pp.

Kalteh, A.M. 2008. Rainfall-runoff modelling using artificial neural networks (ANNSs): modeling and
understanding. Caspian Journal of Environmental Sciences, 6: 53-58.

Kalteh, A.M., P. Hjorth and R. Berndtsson. 2008. Review of the self-or anizin% map (SONP( approach
in water resources: analysis, modelling and application. Environmental Modeling and Software, 23:
835-845.

Kao, S.J., T.Y. Lee and J.D. Milliman. 2005. Calculating highly fluctuated suspended sediment fluxes
from mountainous rivers in Taiwan. Terrestrial Atmospheric and Oceanic Sciences, 16: 653-675.
Kaufman, L. and P.J. Rousseeuw. 2009. Finding groups in data: an introduction to cluster analysis
(Vol. 344), John Wiley & Sons, New Jersey, USA, 342 pp.

Koch, RW. and G.M. Smillie. 1986. Comment on “River loads underestimated by rating curves” by
RI Ferguson. Water Resources Research, 22(13): 2121-2122.

Kohonen, T. 1982. Analysis of a simple self-organizing process. Biological Cybernetics, 44: 135-140.
Krause, P., D.P. Boyle and F. Bése. 2005. Comparison of different efficiency criteria for hydrological
model assessment. Advances in Geosciences, 5: 89-97.

Kuok, K.K., S. Harun and S.M. Shamsuddin. 2010. Particle swarm optimization feed forward neural
network for modeling runoff. International Journal of Environmental Science and Technology, 7: 67-

78.
Legates, D.R. and G.J. McCabe. 1999. Evaluating the use of “goodness-0f-fit” measures in hydrologic
and hydroclimatic model validation. Water Resources Research, 35(1): 233-241.


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

ay 5l lmojp Blas gu) )l 3) gl 53 Cguy omi ixie Jaa (LS GRIF ) (g 3,509, S 1))

31.Li, X., M.H. Nour, D.W. Smith and E.E. Prepas. 2010. Neural networks modelling of nitrogen export:
model development and application to unmonitored boreal forest watersheds. Environmental
Technology, 31: 495-510. o ) ) )

32.Madsen, H. 2000. Automatic calibration of a conceptual rainfall-runoff model using multiple
objectives. Journal of Hydrology, 235(3): 276-288.

33.May, R.J., H.R. Maier and G.C. Dandy. 2010. Data splitting for artificial neural networks using SOM-
based stratified sampling. Neural Networks, 23: 283-294. = ) o

34. Miller, D.M. 1984. Reducing transformation bias in curve fitting. The American Statistician, 38(2):
124-126.

35. Mohammad Rezapour, O., P. Nourjou and M.J. Zeynali. 2016. Compression of genetic algorithm and
particle swarm algorithm models for optimizing coefficients of sediment rating curve in the estimation
of suspended sediment in Sistan river (Case Study: Kohak station). The Iranian Society of Irrigation
and Water Engineering, 6: 76-89 (In Persian).

36. Muhammadi, A., G. Akbari and G. Azizzian. 2012. Suspended sediment concentration estimation
using artificial neural networks and neural-fuzzy inference system case study: Karaj Dam. Indian
Journal of Science and Technology, 5: 3188-3193.

37.Muleta, M.K. 2011. Model performance sensitivity to objective function during automated
calibrations. Journal of Hydrologic Engineerin'g, 17(6): 756-767.

38.Nash, J.E. and J.V. Sutcliffe. 1970. River flow forecasting through conceptual models part I1-A
discussion of principles. Journal of Hydrology, 10(3): 282-290.

39. Rodriguez-Blanco, M.L., M.M. Taboada-Castro, L. Palleiro-Suérez and M.T. Taboada-Castro. 2010.
Temporal changes in suspended sediment transport in an Atlantic catchment, NW Spain.
Geomorphology, 123: 181-188

40. Schwefel, H.P.P. 1995. Evolution and optimum seeking: the sixth generation. John Wiley & Sons,
Inc., New York, USA, 456 pp.

41. Srinivas, N. and K. Deb. 1994. Multiple objective optimizations using non-dominated sorting in
genetic algorithms.Evolutionary Computation 2(2): 221-248.

42.Swain, R. and B. Sahoo. 2017. Mapping of heavy metal pollution in river water at daily time-scale
using spatio-temporal fusion of MODIS-aqua and Landsat satellite imageries. Journal of
Environmental Management, 192: 1-14.

43.Thomas, R.B. 1985. Estimating total suspended sediment yield with probability sampling. Water
Resources Research, 2139): 1381-1388.

44.Ulke, A., G. Tayfur and S. Ozkul. 2009. Predicting suspended sediment loads and missing data for
Gediz River, Turkey. Journal of Hydrologic Engineering, 14: 954-965.

45.Veldhuizen, D.A.V. and G.B. Lamont. 2000. Multiobjective evolutionary algorithms: analyzing the
state-of-the-art. Evolutionary Computation, 8(2): 125-147.

46. Vercruysse, K., R.C. Grabowski and R.J. Rickson. 2017. Suspended sediment transport dynamics in
rivers: Multi-scale drivers of temporal variation. Earth-Science Reviews, 166: 38-52.

47.Yapo, P.O., H.V. Gupta and S. Sorooshian. 1998. Multi-objective global optimization for hydrologic
models. Journal of Hydrology, 204(1-4): 83-97.

48.Yar Kiz;ni, A. 2009. Intelligent Systems. Press Center of Poyesh Andisheh, Tehran, Iran, 260 pp (In
Persian).

49.Yee, K.Y., AK. Ray and G.P. Rangiah. 2003. Multi-objective optimization of industrial styrene
reactor. Computers and Chemical Engineering, 27: 111-130.


http://dx.doi.org/10.29252/jwmr.10.19.181
https://dor.isc.ac/dor/20.1001.1.22516174.1398.10.19.20.3
https://jwmr.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-21 ]

[ DOR: 20.1001.1.22516174.1398.10.19.20.3 ]

[ DOI: 10.29252/jwmr.10.19.181 |

Journal of Watershed Management Research, Vol. 10, No.19, Spring and Summer 2019 .........cocoiiiiiiininiiiieeeeieee 193

Presenting a New Approach to Increase the Efficiency of the Sediment Rating
Curve Model in Estimating Suspended Sediment Load in Watersheds (Case Study:
Mahabad-Chai River, Lake Urmia Basin, West Azarbayejan Province, Iran)

Mahmoud Reza Tababaee', Amin Salehpourjam? and Seyed Ahmad Hosseini®

1- Assistant Professor, Soil and Water Conservation Research Institute, Agricultural Research and Training
Organization, Tehran, Iran (Corresponding Author: tabal345@hotmail.com)
2- Assistant Professor, Soil and Water Conservation Research Institute, Agricultural Research and Education
Organization, Tehran, Iran
Received: April 4, 2018 Accepted: October 21, 2018

Abstract

The estimation of the correct amount of suspended sediment has an important role in the
optimal design of water structures, erosion studies and water quality studies. The sediment
rating curve (SRC) is a conventional and well-known regression model. However, due to
logarithmic transformations in calibrating this model, its estimated values are often less than
actual values. In the present study, using the instantaneous flow discharge and suspended
sediment load of Beytas hydrometric station in the Mahabad-Chai River, the SRC model was
calibrated, and then using Non-dominated Sorting Genetic Algorithm 11 (NSGA-II), the
coefficients of this model optimized again. This algorithm is an automatic procedure and can
use different objective functions in the calibration process simultaneously. In this regard, in the
calibration process of the model, four objective functions RMSE, MAE, NSE, and LOGE were
used as pairwise combinations. According to the results of the model evaluation, the NSE and
LOGE objective functions were selected as the best objective functions for optimization of the
model. In order to increase the power of the model's generalization, the self-organizing map
(SOM) neural network was used to cluster data and form two homogeneous data sets
(calibration and evaluation sets) of 70% and 30% respectively. The results showed that the use
of the NSGA Il algorithm resulted in improved model efficiency so that the results are much
more favorable than the other results of conventional SRC models (such as the rating curve of
mean load within discharge classes, SRC models corrected by correction factors). In this regard,
the error value (RMSE) of the test data set in the best model of the conventional SRC models
was 383.65 tons/day, which was reduced by using the NSGA 11 algorithm to 102.94 tons/day. In
sum, using the NSGA-II algorithm, we can optimize the coefficients of the SRC model, which
is more efficient than the other conventional models.

Keywords: Artificial Neural Network, Clustering, Curve, Non-dominated Sorting Genetic
Algorithm 11 (NSGA-II), Sediment Rating Self-Organizing Map, Suspended
Sediment
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