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1. Suspended Sediment Load



RULSS PRty (galagl bl ) Bly (g yog)0m o] (6390 adlllas) laatileng) 3lre Cgw) (i Ll 33 (eras GloaSid § Sloj (s (5logTl 2,2)8 dylio

ilogS S s ot sl Jlo (sl (g ) dhel jl Sloj (g S 2098 cynns ool ()18 (o5 s (Sloj (s SO i Lt sl
MA@Q)" ,als S e (ke AR(P)' Ll g0 )5)551 (slaae (6565 4 9 (2lolid B2k 5l 5Sir (S by, 1 ool L S0l
(VAR o pl) sl oo LB (1) ol pokiato ol (sl 2900 plosl LS oo (S0l gadmad guas S5 5 LS poxie (5:ikin gous S 51
p q
Yi=o, + Zai Yii "'Z Bie (V) das
i=1 i=1
Arolezenl g P gaadl bl Slajispm Silear b aisl avdly b aoly opls gy 3 of dasutie sladis) den Sloj (5w sl 5]
gasb aidy Pl Lol dblee (Kod 55 5] D e odal S oo uSilis g )Sy55] Jbo (1) dlady 3 00 1)) 665 sl o b
o ol asl =0 51055 ARMA(P,Q) Jse <5 1y 55Sie oyl Jie &g cplys 28b O Ll IMS] (linl claadby sl
S e pSla 15 Ko pe8he sl asl P=0 515 50500 0ol (s AR(P) o aipsS Al guus 851 2215 Sy Loyl i3
Sy Gloj sy 2bl S5 (gluma b 3550 (598 ddlne duasedio slaaddy, I yidi b g (S5 81 090 03 (lis MA(D) L &S sl alls
(VYA ¢ o) 3]) 352 sl S et (1 Silio oz gous)S )58l o S Sypo nl 53 355 (368 Alal) g Aol o (202 g ol A1
ADF Jlxe oo 3l sl (g2 3,90 loj (b 53 ilylsST g elly S (g9 b Jals o ] (able bl ¢ lajspm (3LosS (s
D90 4185 )8 Gloj 6w (it Sile e sl booyl lb QUL ©pg0p 5 Lol 22l)3 (392 Ble j90 3 4512 398 00 (1905l
aloyo )3 sl (Grle 9 59l 2 comedS o po sy (e oS 395 odlial 51 5 SL Uiy Sl Vsane O g P sladily s ol
ok IS5 @yl 4 aybges oyl &S u.:l>J 5Ll 5,8 bl OT liseo (gladady blie o (o)l 0)90 Clialive wﬁu")‘; SNuunadd g
(YA () Kan g 590 souS) 3,5 oo ploal (V) abasly 5yt )] dusls 45 390 0 03l BT leMbl jlne pb b (¢)lxo 51 5,15
A|C=|n(c§2)+2T—k () ot

o ol M) clavales uib)lg g Slumlie slass (ol (slia! sla+G+P) o 5yl (sl el )by sl (Sily cui 433 5 Tk gl as
Pl o 3590y codd (pund disgo (sladddy ol g oo dslee )b oyl 5 Al 4d8y g Cowl yigp AL 68 odd dulxe Hlade 4
VYAV c(5y5m) 355 00 dumaliio b Joo pol &y Copmd Jlai 3)50 Jho €83 (il alsyo ) 5 95 o0

(Wb Ui (o) (9o (s a5 Jro —V-Y

Al ) (S5 phoss S GlagS g ladgyg o dasly Wlgi o o Mt Sluslne e dea Sl egtan (cuas aeSid
2 agygp & Gl (6928 4 (omas ladSd Lo LS el A Juale o8 4 (Sen oS oS | glaSed b Bl (a5 ot
3909 4 2dlioo (295 5 Ol «s29)9 Y dw Jald e (pl (sl Jgone (5lone 1535 o0 550 Nigh o0 osals 4V &S pladio
oz S o gyl (et clbissys glil 4 ]y gl ass 4 5 03,8 Uil Iy Waodls o Y S e g &S 3 |y laodly
A5 ool as JLisl o (awas a8l dalllas oyl 50 b dtil Y pais Slg e 4SS

k8 Y T (63959 0jg 4 S 09 sl (e 4 g (295 (63909 Y dw Jol Bl S Billas FENN (e 4S5
ol 5 290 dplne (1) dlaly L ond o)l3l (6399 slocsiy ggeme amde JEEI s &Y 1> 0955 (298 olyisa |y ol 038 <8l
oleo Lawgs 4t ellas 5 005 duglio _osbly gulis | 4 zuls . (HOMIK et al., 1989) wl oo Jlinl b i wb Sy dlusg 4 gyazme
Al o aahl dwp Joud BB Hlade 4 s a5 Sloj b b0l X9y dgu so duwlxe

n
Vuee = D XesWi + Wo (1) et
i=1
Y Y, 1 (¥) alal
- f( net) = 1 + g-Ynet 2D
k
1 2
Jr=35.) Xi=0) (6)
i=1
1. Pure Autoregressive 6. Augmented Dicky Fuler test
2. Pure Moving Average 7. Box Jenkins
3. Autoregressive Moving Average 8. Autocorrelation function (ACF)
4. Autoregressive Integrated Moving Average 9. Partial Autocorrelation function (PACF)
5. Pure Moving Average 10. Akaike Information Criterion (AIC)

(YA)



VEF o /) oyled /0 690 b SR pimensS T Ca o

62929 095 2 039 Wi «63939 9p i «829y9 Siis 9070 Yer b pué S io @it f (Yner) e Lygp gl oy « Lalgy ol 5o

W bl g Gl eulils g1y Uns Lo ey

I
_-)x,, we 3 l J
i
@ —

B ——

A U e d Tad

@

—_— e

T _

o aals 59 p autin; pho rlailne
| JL J L )
T T T
Soazs Y ks gy o

(VYRE (55555 5 (suwgn) Uad LT puy Al ,Ud Lo oY) S5
e (ljyl-€-Y

Barnston, ) 545 e 3kl (V 5 ) dolee 3l Sison 'l Sl po (16ko jgdome ad b 5 o iy (Bgy 85 b)) jelatedy Wlys
(1992

1 T
RMSE = /?;(yt_ym)z () alad

ool Slanlio ol T g ol osalie polie Vi o cwess pdlie Vi ol o &5
. 2ic1(pi —P)(0; — 0)
VI (i — P2 X4 (0; — 0)?

(V) das

oA Sl o i Y
&bl Sledb! Josa —) -

sl Jlo 55 aodld g,y awyp ol 039 (08 Ol oy (5,13 oiums] pl Blae gasy lmodly a8 3ly L lmosly (¢ lol Gluoguad )y
ol 0 1)1 (V) Jgd p3 (6yle] luoguas oy p ol 3,05 o] ol 53 VLo Gigary (1Ske 13 (oS o iy 31 LS Calise

92 gl CIUT ;3 a3lg (g wiog yuud o] (Ghro Cgury sb (s3I (g lo] aos :(Y)Jgun

O gt g g sbre 1l Sl PSlas Sl 831> g9
-I¥ VIvY yYY/as FY/A VY/AR G pS heo)ogu,

oo K3 (Gloj o (ot i 5N G -Y-Y

(a8l owoss ygd uS‘.‘.’ o)Lei L;),So,'l_\sl d”)l" 5l ‘Oi bl ] ( Soj s Lg)'L.o?iJI L;]).g A oyl O] 4 b hgy g )]y: oS D FLe 45 len
loj g 005 Sl s (bl oo M 1y (2 32 5 (o) Blee (g Sl o s Ble 9e3] @l (V) Jgi 25800 o903l
adyy Sy o dpd b Sl S eS lad sio s S s )3 o] e ylae S ADF ool 3llas )8 &5 gl ) (68 Jolds (9) oo 0
S 54 Sloj sy ot iledbe Sl Loyl wld cal s aslile (g 3350 Sloj (s 5 2950 3) (Sloj 500 )3 22lg
Dy 0

3o Dgm) 5k Sloj sy Ul gl @ H(Y) Jgsa
Sold sne aw Sl ke WY peons Job (Sudojbel (o s oU

ofeeed AWM -Y/vv -¥/-v Glro (5w Jb
§uins glaassly isle

ol dye 5 Sy Sloj Gy (S )S 9 dye Cusl 0ad LI (Y) Join 55 leo gy Jb Sloj slasyw sl Loyl Jio 39l b
TS ol o e = $)lsd WS oo ,lal Lolil gy (Sloj gy (it dinte S5l canl 93 oIl &) bgyye S i

1. Root Mean Squared Error 3. Schwarz Bayesian Criteria (SBC)
2. Akaike Information Criteria 4. Hannan-Quinn Criteria (HQC)



DS 5 (B 0 (alogl LI ) Bly (g y20g)0m olSius] (5390 dalllas) eilsdg) (3lao Cogu) (Sl i ) (mas A g Sloj (5w (53LusTN 2 )8 dulio

ool Llod 5l a8 s eoliw] ogmgepiio I Ve g 0 slaJlo jd odd 90j 5 sdalin (o )lidbe casls Jdda .cusl ARMA(L2) w5,
Sl jadome adld jlade sl oolatwl 3y50 (slaodld 3 (gylE Ly Sl dgng sdimd Ui jo yaxie Cpl A by s (D9 I sixe
Gl Jdo s (53l 51 (Sl a8 Canl F/EY oSl oids dpwloes Uas cley yo
SL (Jloj 5w 512 Loyl S 391 gl i(Y) Sy
PROB t b Aol ey JEae ke oU

ofes a/y Y/YY YY/0 C
ofeesy NI Y/AY ARVINA D1
ofeeey -¥/ay <\ —- /50 AR
ofes VAL AN vay MA(1)
ofeeey INANG AT -V MA(2)
N4 R?
\ilta% RMSE

g gasl [zl

el o o3l L5 (V) US55 Loyl 60Ul onlisnl b oalg g osid cyo i pdlio l3ge3

45

40 4
35 A
30 A
25 A
20 A
15 4

Al (Bl e (e il

10 4

1 23 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23
Jes

— ol palia _AA&\:AI:H&J:\J&&
o1 (55501 0likuol U (5a8lg 5 05 siar iy 3lie f3ges :(1) IS5
Sloj sladidy alS (oS5 Lol ol gl /Y learning rate o +/Y Momento o ;e 4Y 0 b jksle b cguan uas aSs Jlasl b
by s wles oo 1y Blae gy )b /FY (Siuwen 9 5N s Slapo 1:Ske jodome e b Cawl 0B ootins uac aSui Jio
ol 00 &)1 (F) Jodo )3 (Siwar g las Olayyo (1:50ko jadome b)) (sl jlime 1 ool L

EPaan (o i Jao (bl s, kre Z U5 A(£) g
RMSE r by gayhxe
A% <I¥Y ol

2 2l slajlne wlul p s 9 €8)5 )15 ) p 3y90 55 il (sladiBy )3 Blro (9w Jb Supin O (mas 4 Ul e
ol ol o3l L (a) RS

Blisee (glaady )3 bl b kxe :(0)Jgun

JLw 4.635 ] 4.635 Yy dﬁg ¥ dﬁg £ dﬁe °
RMSE A% 7\ ¥/-a FAYN sy
AE 5.5 NI Yy INALA INAYS
NAE VA2 ) N3 /<A \IYY
SE N AV/¥Y \SIVY ¥ /f. Y&/
r e ofeeA <IAVY <IYA <Y




VEF s /) oyla /0 695 b S piunwsST Cy 0

Wy dad o Ui 55 40500 wyy gols Cuwl odd 1) (F) IS 55 eguan uas 4 Jdo jl ool b (sBlg 5 odid u i polie jlages
Gl 03905 (g8 2Blg y30lde | 35 eoian was aSud | eolatul b odd oy ydlds

(Blra gy Sl

\ Y o r r a 1y A‘i‘V“H‘H"H"\V"\QIHIVVI\A‘H‘h‘f\‘ﬂ“ﬂ"f\'
S
— rdly il — ol A iy ilie
g0 s 45 31 03Wikasl b 0045 St et 5 o381y yelie yIoges (£) IS5
2 U9y 99 5 odlitul b i pdlie b i oab] Jlo g (slp Ggwy pmilie souan mac aSis Jde g byl goSl 5l edlazl b
ly Cguy lime by Bgy b Loyl Jao a5 canl ol 51 (Sl s 95 3l oaliial b o o i pdlie X9y .cowl osid odls L (8) JSio

ol 03,8 oy

S L

03k o Gy gy ldBa
&
i

\ Y Y ¥ M
S
4505 e Lol Jae

E e mas &S g byl Jo 3 a5l b oy Jlwr gy (619 00WS St (ybiy 33510 2(0) UK

S5t g Cou -
ohsp g Loyl Jao g3 bl 4 adlles oyl )3 1300l ol e Sl gy pone 9 oo Colis 13 ot (B Blao gy )l (380 ot
AlFe 9035 o ool il loj (o 5 (Blae Cogusy Sl om0 LS gl 0D 4B Blee (9w )l (S P (S
ADF b Gojbo 5l &S lojisym (g3losSl gl ble oy @lis 2,8 odlatsl ST slaJlo (sl Blao ogm) i Gt pslaions ] 5l
W4 Sloj sy it iledde slp Lol 40Tl Abb e Blo (58 Joli5 (90) o )3 (Gloj (s > LS 9o 905!
@l S (b I0F e G pd g TPV dad Slage (10 jgdome by Blee (g )b Cunslyy Jao o501 (pl (625 S e 298 00 4335
adby S b e & Bl o Al S i (5o il 4y bgspo (loj Sy it 53] Blae igus) 3590 50 45 3 (Lt o o s
s ol Y 0L dle bkl b egian aas aSd Jae o J 13 39500 Jlods (mpin o5 0dS (Bl (e (pgd 4is)
ol ke i /Y (Siisen 9 5N s Olryye (1pSko jodome L) (3lee (gow) )b cuiles +/Y learning rate o -/Y Momento

sl 0392 Blao (p900)l (b 0 35S S Gl (Guiie cua JB S ¥ ge) 654 (m aiBsY e



e g (S s i (selogl Ul > Bly (5 3090 o] (63)90 adlllas) Laeilisg; Blae gu) (i 3 (sras GBaSd 9 Sloj Sy (5LosS 22)18" dunlie

Melesse et al. zols b a5 ol 0391 Blao 9wy sl i 5D (Souas as 45us 4 Caws byl Jao 65 5l Sk S joba mls
5y 5 5 et o st Lol Jio 2l o it (8) US> 5 e o> s (1WRY) Sam 5 (2t 5 (Y1)
S I jebas zls .l odgy (gt Ollwg sl eoias uac aSi bwey 6 (dw yiay pdlie a5 Jbs )5 cul odls &)l 55 51,
o ) Igiisn 5 ka5 imiin | Bl (o ol iVl s €5 L I o )l 5 (soghnn s (5 sl 3 enlitel ol o 3

905 03l (5 e S8 pSmana ) lashs,)

&l

(&) 3olo plol ously clyliasl : 4l a5 ped Ll cygs Jlowd dumaw g (Bolo (gdgo a3 (93,08 2,500, b Sloj (slo s pw (ZriwalazBl (WWAR) g ¢yl

ol 5 S 039 «5ysliS” mlio pole wpuiio a5Vl g wibiale  SHL L Gl 0 Sloj gy sl Jde 380 (WAS) .z idiog i 9 oS (58> o . ylo o B (g
YA-TY XV(Y) dsa

dibale Oyl 0 g il sl gla el i 9 oy ( JLSiid awyyp (WYY ) 0 (00,50 (gablid g el (55055 @D Sl L w b o w33l
FY=FY AF(FY) s iyl g Ldlyas 5l

AYAY U lped -0l gyt il S ez (4,8 439, (6390 adlllas) laailidg, bys Sloj (s yw JUSTE BT YAV ) .y . i b g eg wdljewss
DADY Y VA(F) SB g ol cblis glaings

o] 16350 adlllas) oxbaws by g 4l (23 (JS (25 sleodly Sloj slaspw slaJde (glduslis Julos .(VWAY) .o o madlie g o o Sl el . lams « ) (o)
DO-YY FAV(F) SB g O cblis cla yimgs (dwsS ) ¢ yteg,hun

5 ol pole Ol wlie e sl )3 0anl > oulll (cla ol 05, s jgkatods loj gy (sl e 31,8 . (WWAY) L& . (205 g ez ¢ SbsS (sl ol @Silags
ATFAN(BR) (SK

wl.c. JP p g ‘_?»LM) &km)s o ul)].dw‘ ul)-@(' ‘F)l{) ul> Eviews ))g)lf L ol)c.b = slassl (\V“\Y ) & Sy

Slj ey el edlaiwl b dgudie cud dlale JBlas g Sl slod i g (gilw e (VWAY) .0 ylosed g ep o 2Bg (5Hl wp ( (b (gawge v Slrid
AE-22 WY(B) (S g
AAR
=YY aray “""“‘Q(‘b)l ‘)‘)"“" ‘Ql)il

Fsas (gas 45 g g )S) Sty b @l Al g axi oxie gy Sl i e b sy 2yl (i b5l (VYA L gide 5 g cmslol g sy 2990
YA-RY VVOY) e j bamo (65909585 5 pole (hha5le yliwl =39, Jib &80, 16350 adlllas)

5 sliahl sla wlhag)y (63)90 ddlllae) (Jad—gd Sloj (gym (dad pue Joo il oolainl b aildgy by din e (WYY) 1z cliote 5 e esolel oS o LIS o 0ol
YRRV FE(D) (S g ol (dmeg,l gl s
S0=Ae X(VY) Ll i (olisle,S oy liaw poos

(o)) bl 253,90 dalllas) (3lao Slogus) 3,910 ylaio 4y oghims suas A b ol duglio g s ixto gy (o mslio s - (WAF) .G (5 )55 g cp gy
FAV=FYS SA(Y) . anb plis

Barnston, A.G. (1992). Correspondence among the correlation, RMSE, and Heidke forecast verification measures; refinement of the
Heidke score. Weather and Forecasting, 7(4), 699-709.

Di Silvio, G. (1996). Underground structures of artificial basins; Interrimento e riabilitazione degli invasi artificiali. Acqua, 49-54.

Hornik, K., Stinchcombe, M., and White, H. (1989). Multilayer feedforward networks are universal approximators. Neural Networks,
2(5), 359-366.

Melesse, A.M., Ahmad, S., McClain, M.E., Wang, X., and Lim, Y.H. (2011). Suspended sediment load prediction of river systems:
An artificial neural network approach. Agricultural Water Management, 98(5), 855-866.

Rajaee, T. (2011). Wavelet and ANN combination model for prediction of daily suspended sediment load in rivers. Science of the Total
Environment, 409(15), 2917-2928.

(¥Y)



Ardakan University

Management of Natural Ecosystems
Volume 5, Issue 1, Spring 2025, 25-33
http://emj.ardakan.ac.ir/article_732520.html

Comparison of the application of time series modeling and neural networks in
predicting suspended sediment in rivers (Case study of a hydrometric station in

Ohio)

Masoud Fehresti sanil, Maryam Asadi?", Ali Fathzadeh®

3

Research Article

1. Associate Professor, Department of
Agricultural Economic, Faculty of
Agriculture & Natural Resources,
Ardakan University, Ardakan, Iran.

mfehresti@ardakan.ac.ir

2. Ph.D. in Watershed Management,
Department of Natural Resources and
Watershed Management of Khansar,
Khansar, Iran.

m.asadi.96@ut.ac.ir

* Corresponding author

3. Associate Professor, Department of
Nature  Engineering, Faculty of
Agriculture and Natural Resources,
Ardakan University, Ardakan, Iran.

fat@ardakan.ac.ir

Article Code:
Countinus Pagination:

2511-1137
999-1007

Received: 20 November 2025
Accepted: 06 December 2025
Online: 12 December 2025

Review speed: 17 days

Citation:

Fehresti sani, M., Asadi, M., and
Fathzadeh, A. (2025). Comparison
of the application of time series
modeling and neural networks in
predicting suspended sediment in
rivers (Case study of a hydrometric
station in Ohio). Management of
Natural Ecosystems, 5(1), 25-33.

Abstract

Estimation of suspended sediment in rivers is one of the important
processes of river engineering and water resources and plays an
important role in the design and construction of water structures and
erosion and sediment management at the watershed. Predicting the
sediment load of rivers is not an easy task due to their nonlinear and
complex structure. So far, various modeling has been performed to
predict the trend of suspended sediment load in rivers. However, this
research, in order to evaluate and develop forecasting methods,
examines the efficiency of time series models and artificial neural
networks in simulating sediment data. Based on this, sediment data
were collected at the Ohio Hydrometric Station in the United States
(1992-2014) and were modeled using time series and artificial neural
networks. The results of unit root test showed that the sediment series
is at a static level and a suitable model for sediment prediction was
identified by applying the Box-Jenkins method to these data. Using
the ARMA model and artificial neural network model, suspended
sediment load was predicted for the next 5 years. The results showed
that the ARMA model with RMSE, 4.67 and R? 56.5 has a higher
accuracy in predicting the suspended sediment load.
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