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Table 1. Characteristics for hydrometric-sediment stations
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Figure 1. The position of the selected hydrometric-sedimentation stations
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Figure 2. Steps to a Genetic Algorithm

Siws Slas 03,5 Ol WV Ll cunl dyg, iy
Cygo & 58 it @b b plate ddpe Verr 8 IS
ol S ok 40,5 i 3 )yt ol b SIS,
3 sl 153 0bLs 5 odlinul g (359 Gt polis b
ot olizebl Caa > e Gyge @ el
Wl o gy oMb (SYgb carge g 09 ol lacly
djl)l 93]).‘0 (_s"l’))l dl)f ..).))fuﬁ ‘_;]9».9 J;lﬂ 039450 4D
O o )bl slapasld (g 93 51 ol eas
5 oslizl b (RME) Lot clayyo opSiles sy, 5 (R?)
A5 daslos oolSiin] 51 S 4 (gl ot lite] slmodls

95
b Ubgy pcwlie g 0b obj)l (omiwliel slaodls
5 (RMSE) ks mp0 (5:55ke pgo adyy ydlie & 25
e Sl RMSE Jlade 3,5 Q! (R?) s Gy

o gwy oxiw (godie Vol iagd cpl 5

gyl batws lawg do gy (olwl y odld (giispmuds
ool 5l ookl b (V) dlasly b g @ Colps s 23S
(Silwdars oyl lp Baa U Hlds Luad gy S
5 loaalin jolie M| Clayye ggaze yidle Jols
A5 Ly gy Dygly Slo dolee 5l end 3y9ly jolie
&ly il ookl b g Matlab jljéle 5 lawsre j3 Slaslre (]
;) Genetic Algorithm Solver s oxs 4yl ool
Sy ool Wb S ga @b s plol (gjlwaigg lplass
P S5 el elawl bosde  (gjlwang
Sl s sgMe &b ol 5l oolizl | ol MATLAB
o Sl it gl (a5 o) 43 s
Slael Gygo Lags @L.: J9m> OKA‘ Cuzo> o)']..\.il
b iogg cnl 3 2)1 3929 50> CUSGL ()l 9 Zuoeo
4 plidl b ga yolde dgr ot A8 b g B oyl I eolazl
oS5 i b g Voo Camon ol b K55 (st
Mo 5l s b Y gyblg, pimen 5,8 0.7 (S5

1- Tolerance



\zg S5 wipgN g oS g S ) Slaby, 3l odlatl b g, e igus) sl 25l dualis

()
R? =

n
(0 Xeo @0k @5e0-() _ @s0k 3oy 05e))

O Syt Bl A3l o S35 9 0390 yieS lade ()l
(V) )l 2959 (Sluwlro 5 0uis (5,8 03lu1 slaosl

(@Y esokt)=(Tp_o@so0?)(0 Y. eser®)~(Sheq 0sei?)

0dgdte 4D zpd g ASlye oSle (gyiegyuin oS!l duw
)AI Q"] .';«w)‘ X 03)9] (Y) ng 2 axlllas d)90 dalais
Y0 (olel 0y95 Jsbo )3 (o)loy wiged Jl Bl e sl
slaaileg)y (59) 2 2290 (Sieg)dd (slaoluw] I Al

(v)

n 2
> (ese-sox)

n

RMSE =

Gleo gy (63,4152 e Qse

GBlro Cgwy (8ly Hlade Qso

ooy slaws N

or @l b Gli Glp Ghegh ol 0 Cwimen
Om ups Hlae Slubre 5 oad (6pSojlul slaodls
oy )8 @ly e cuype A )5 (R
b o0 (S pj Gy &y g dad o LS 1) Jo (Saied

v)

o [ ul.’xul (T o_..»}w)—d)ln”:.\,}b L;Lmli..wl dl).g Cogwy (29 Ub)> u.p_ Ls.n.uo}» Ls-lmo)l.o] -y J5'\>
Table 2. The descriptive statistics of flow rate and sediment rate for selected hydrometric-sediment stations
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Figure 3. Sediment values in normal probable paper at selected hydrometric-sediment stations
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Figure 4. Flow rate values in normal probable paper at selected hydrometric-sediment stations
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Table 3. Calculated coefficients of the sediment rating curve models for the selected watersheds with calibration data
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Table 4. Comparison of the Efficiency Results of Different Models of Sediment rating Curve in Selected Watersheds

with Validation Data

S5 Nl (luye Jils) (gole (oS,

R? RMSE R? RMSE olSiugh 055>
AN Ya/\y “IA- £ /0v eSSl
-Ivs FYEIVA -I¥s ¥Ya/-v Sy g8y
<IAD \Y/EA <JAY VE/VY 593,z 325

SxS 05y b ogwy ot (Sodie sdble ulys
9 03,5 oy bulydl il o o] ¥ slrosls (4l y
5 o33 diny calys ) S5 235 5 ol b
s adils 5l eolael b Slialie (slaedls g9, p b
A ol ol bt s awlie ;oS5 b @glite (el
S gy 3ySles SBf wh el (g I ool
o] I (S 50 Camy 3485 2yl p sl |y osl
ilee L3lps 0 Do opl LSy e dgupg dddllae )40

(Blra)l Sy, Sglp 3 gy by, jI S

Blee )l 2yl Bl o g i slaizie I oslitn
Ut o)lade b ojlger b szve cpl 5l oolaiwl b ligw,
s by by Sl 3550 L oty sl ol
u;';_mlf l) s O.ﬁl Ol}ﬁ.p dosls (EAodwd alos> )'l Lmt’j B
ool & Vb slo o> 4 gy (5] Obgy ol > b

3 dgdge o3y Wy Ve Cgwy dygl IS > (okdw
Spolp dr plidl eodls (ganated b ) pols imgh



wa

b8 Ol I oi8)S oSG Ghmghy ol &5 canl S5 4
slabyy dmlio b g Slgwy 2)glp disej 1 oad plsl
@ gl dgp g Olallas dawgi oz 3 (mw (ng g
2 &S bl uoman ) dilllas 550 ddlais (D ogas
O )S) gy Sld b clde dmoh )l (gl
wigsdl sl Il 05900l o5 )bl s Bolo
el @ a2y b Il o Sl 4 S
Do sl & Sf el Gl el ol iagh
gy Jl Sl dles calpd 35l sl 65 g S5

P oo oyl Gblie plu g dilaio oyl )

ped Ay pdlie 0 il Mo > YO U Cgu)y doviw (Joxie
2l dwlis A5l e (RMSE) bl gy Sk
35 eaalde plgice gy cnl 2Sles ilize (gl iy
S5 wiys S gy ) odliial Ciliee slaolKial 5 oS
28 bl 1S Blee Cgw) 50 Lailsy gm0 o
Olpl bE plo 5 g ddlaie > &5 olajiagd o)k
DP9y e e @ bodly lawg s gy oad el
U" )0 s(ﬂc"\) w‘ ol aslus ) .))91):. &)919).)»&
P9y S S5 wi eS| (hgy 4 0ad 03> LIS g
Yl 3lae gy 359l )3 Wy g, ol 4 Cad 1)

&l

1. Olive, L. and W. Rieger. 1992. Stream suspended sediment transport monitoring-why, how and what

i23 beéng measured. Erosion and Sediment Transport Monitoring Programmes in River Basins 210:

45-254.

Alizadeh, A. 1997. Principles of Applied Hydrology. Tehran University Press, 2: 620.

Walling, D. and B. Webb. 1981. Reliability of suspended sediment load data. Erosion and Sediment

Transport Measurement: Symposium |AHS Publication (In Persian). ] ) .

4, Mirmoieni, A. 2007. Investigation of the accuracy of the multi-variable sediment rating curves in
estimating sediment load (Gorgan river-Qzagly). MSc thesis of watershed management. Gorgan
University, 160 pp (In Persian). o ] . o

5. Mirzael, M.R., D. Arabkhedry, S.A. Feiznia and H. Ahmadi. 2005. comparison of statistical methods
estimating rivers suspended sediment loads, Iranian Journal of Natural Resources, 58(2): 315-301.

6. Dadashzadehad, F., M.M. Sarovi, H. Ahmadi and J. Varvani. 2009. Evaluation and development of
the sediment rating curves models in estimating sediment loads during flood events (Case study:
ghare Chay Basin). Watershed Management Researches (Pajouhesh & Sazandegi), In Persian, 84: 28-

5

7. Zanganeh, M.A., A. Mosaedi, M.M. Holgy and A.A. Dehghani. 2011. Determination of Suitable
Method for Estimating Suspended Sediments Discharge in Arazkoose Hydrometric Station
(Gorganrood Basin) Iranian Journal of Water and Soil Conservation, 18(2): 85-103 (In Persian).

8. Barzegar, F. 1997. Comparison of suspended sediment load estimation methods, MSc Thesis, Natural
Resources factuly, Tehran University, 120 pp (In Persian).

9. Mirabolghasem, H.M. and S. Morid. 1995. Investigation of the hydrological methods in estimating
rivers suspended load sediment. Water and Devel opment magazine, 10: 67-54 (In Persian).

10. Achite, M. and O. Sillvain. 2007. Suspended sediment transport in a semiarid watershed, Journal of
HydroI%%y_, 84(3): 187-202. ) . ) ) )

11. Arabkhedri, D., F. Iranmanesh, P. Razmjoo and Sh. Hakim-Khani. 1997. Sediment ptoduction map for
Iran. Third National Symposium on Erosion and Sedimentation, Tehran, Iran.

12. Farrokhzadeh, B., M. Mahdavi and A. Salgjegheh. 2001. Investigate of the effective factors on
sediment rating curves dope in different climatic zones in Iran. The 5" National Conference on
Science and Watershed Engineering in Iran, (In Persian).

13.Varvani, J., A.A. Davidi-Rad and M. Arab-Khedri. 1997. Investigation of the correctness methods
Logarithmic transformation in the regression models and estimating sediment load in the selected
rivers. The final report of the research project, Soil Conservation and Watershed Management
Research I ndtitute. o ) i

14. Syvitski, JP., M.D. Morehead, D.B. Bahr and T. Mulder. 2000. Estimating fluvial sediment
transport: The rating parameters. Water Resources Research 36: 2747-2760.

15. Horowitz, A.J. 2003. An evaluation of sediment rating curves for estimating suspended sediment
concentrations for subsequent flux calculations. Hydrological Processes 17: 3387-3409.

16.ladanza, C, and F. Napolitano. 2006. Sediment transport time series in the Tiber River. Physics and
Chemistry of the Earth, Parts A/B/C 31: 1212-1227.

17. Altunkaynak, A. 2009. Sediment load prediction by genetic algorithms. Advances in Engineering
Software 40: 928-934.

18. 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).

19. Rezapour, O.M., L.T. Shui and A.A. Dehghani. 2010. Review of Genetic Algorithm Model for
Suspended Sediment Estimation, Australian Journal of Basic and Applied Sciences, 4(8): 3354-3359.

20.Aytek, A., M. Asce and M. Alp. 2008. An application of artificial intelligence for rainfall runoff
modeling. Journal of Earth System Science, 17(2): 145-155.

21. Ashoori, M. and M. Yasi. 2015. Investigation of Different Evaluation Methods of Sediment Ratting
Curve using STM Software. The 9" National Conference on World Environment, Tehran, Iran.

wn



VE- 53 i ps] 9 65 gy Slobe, 3l ool b 8liog, e igus) Sl 2512 dalis

22. Littlewood, 1.G., C.D. Watts and J.M. Custance. 1998. Systematic application of United Kingdom
river flow and quality databases for estimating annual river mass loads (1975-1994). Science of The
Total Environment 210-211: 21-40.

23.Day, T. 1988. Evaluation of long term suspended sediment records for selected Canadian rivers.
S%/mposmm on sediment budgets. Porto Algere. Brazil: IAHS, 189-195.

24. Phillips, J.M., B.W. Webb, D.E. Walling and G.J.L. Leeks. 1999. Estimating the suspended sediment
Il%agg of rivers in the LOIS study area using infrequent samples. Hydrological Processes 13:1035-

25. Kottegoda, N.T. and R. Rosso. 2008. Applied statistics for civil and environmental engineers. Malden,
MA: Blackwell, 2:736. Jansson, M. B. 1996. Estimating a sediment ratin% curve of the Reventaz6n
Eiz\llfr at Palomo using logged mean loads within discharge classes. Journal of Hydrology, 183: 227-

26.Holland, J.H. 1975. Adaptation in natural and artificial systems: An introductory analysis with
applications to biology, control and artificial intelligence. U Michigan Press.



Journal of Watershed Management Research, Vol. 8, N0.16, Autumn and Winter 2017 ..........cccoouieiieiiiiiniiiiiienee e 141

Comparison of River Suspended Sediment L oad Estimation, using Regression and
GA Methods

Javad Bahmanesh?, Maryam Mohammadpour? and Mohammad M ehdi Bateni?

1- Associate Professor of Water Engineering, Urmia University
(Corresponding author: j.behmanesh@urmia.ac.ir)
2- Ph.D. Student of Water Resources Engineering, Urmia University, Iran.
Received: September 7, 2014  Accepted: December 24, 2016

Abstract

The rivers sediment load is determined using hydrologic methods. In the statistical methods,
by measuring the rivers discharge and suspended sediment load in a long-term period, the
relationships between the suspended sediment load and discharge is obtained. The aim of this
study is to compare different estimation methods of suspended load and select the most
appropriate relationship for the prediction of suspended sediment load which results in more
accurate prediction of sediment load discharge in the studied rivers. In this research, by using
the daily river flow rate and corresponding suspended sediment discharge in four hydrometric
stations in West Azerbaijan, the rating curve power equation for the middle limit of the data was
used. The optimum coefficients of the mentioned equation ware obtained by using genetic
agorithm (GA) and the ordinary regression, and the necessary programs ware written in
Matlab® software. Since GA does not require any restrictive assumptions on input data, so it
showed better performance in rea data validation phase. This improvement in the rating curve
coefficients causes to decrease u,o to 25 percent Root Mean Squared Error (RMSE). Therefore
usi ggedGA as an appropriate tool was proposed to estimate the sediment rating curve for the
studied stations.

Keywords: Genetic algorithm, Matlab software, Rating curve, Regression methods, Suspended
sediment [oad
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