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Abstract

The present study compared different methods for suspended
sediment estimation with data classification method as well as
the observation and estimation sediments in all methods for
three stations of Doab Merk, Shirgah, and Krikla which are
located in totally different climatic zones. The results
introduces the normal rating curve using hydroseason as the
optimized model with the lowest root mean square error
(700.96) in Dooab Mark station. While, in the Shirgah and
Krikla stations the CF2 method using calendar method had
better performance with root mean square error of 12074.648
and 559.73, respectively. FAO model had a low performance
in all three stations for all three applied methods. Also, the
comparison of estimated and observed sediment in Shirgah
station using hydocimate without data classification for the
modified CF2 method and in Krikla station using the normal
sediment rating curve had better estimation with percents of
change of -9.56% and -6.17%, respectively. While, the results
showed that for Krikla station the calendar and hydroclimatic
classification in modified CF2 method had the best estimation
with percent of change of -22.33 and -22.55%, respectively.
The conclusion showed that the climate region in which the
studied station is located affected the optimal models in
estimating suspended sediments.
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Table 1- Locations and characteristics of Doab Mark, Shirgah and Krikla hydrometric stations
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Station River Province Latitude  Longitude Ele(vna;\ ;ion (ﬁﬁ% Statistical period ears nun;l;t:irocaf statistical
Doab Mark  Gharasoo ~ Kermanshah ~ 34° 33 46° 74' 1310 1260 1346-1378 41

Shirgah Talar Mazandran 36° 17 52° 53 270 1768 1344-1390 46

Krikla Alahband  Mazandran ~ 36° 06’ 52°59' 570 524 1360-1391 30
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Table 2- Comparing estimated and measured values of sediment in Doab Mark hydrometric station (ton)
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Modified

Modified

Data analysis Meqsured LQMLE  Smearing CF, CF, Normal FAO CF, CF, ified FAO
sediment - —
Sediment amount of model estimation
164108.32 105394.88 92768.12  73651.32 38731.01 8526549 312099.62 262191.62 13787853 39004.37
Total Estimated
difference -35.78 -43.47 -55.12 -76.40 -48.04 90.18 59.77 -15.98 -76.23
(%)
138968.73 11576243 101043.06 120006.18 60622.12 92942.48 281195.02 298210.96 15096459 81254.28
Hydroclimate ~ Estimated
Seasons difference -16.70 -27.29 -13.65 -56.38 -33.12 102.34 11459 8.63 -41.53
(%)
16353356 118517.32 105080.55 136197.87 228715.14 102672.12 311967.94 313036.03 15734651 84672.48
Calendar seasons ~ Estimated
difference -27.53 -35.74 -16.72 -56.27 -37.22 90.77 91.42 -3.78 -47.22
(%)
Total a coefficient 1.24 1.09 3.07 1.62 3.56 13.03 3.07 1.62 1.11
Hydroclimate 1 ifieq 122 1.08 258 178 337 6.07 258 178 275
Seasons -
coefficient
Calendar seasons 1.23 1.08 242 157 3.27 7.72 242 157 0.89
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Table 3- Comparing estimated and measured sediment in Shirgah hydrometric station (ton)
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Data analysis

Measured LQMLE Smearing

Ck CF2

Normal

Modified
CF.

Modified

CF ified FAO

FAO

sediment

Sediment amount of model estimation

164108.32 1913150.32 746988.83 664105.72 291917.30 167354.33 1124984.48 4006401.56 1422242.07 648905.61

Estimated
difference
(%)

Total

-66.08 -25.66

29.67

109.41

-41.20

-91.25 -84.74 -65.29 -66.08

Hydroclimate Eqtimated

117648853 101886853 265344.95 621317.51 90795553 3629181.53 2608499.68

1723992.40 1603251.25

Seasons  gifference  -38.28  -4655  -86.08  -93.09  -52.37 90.38 89.29 956 -1.90
(%)
1896564.48 1090646.78 947665.77 272178.212 139490.09 836183.50 3928322243 344839056 1675373.19 1513003.43
Calendar  Etimated
Seasons  (ifference  -4249 5003  -8565 9265 5591  107.13 81.82 1166 -20.22
(%)
Total a. 1.32 117 439 252 7.07 60.21 4.39 252 1.78
coefficient
Hydroclimate o 131 116 4.24 246 8.72 40.04 433 243 154
Seasons Modified
coefficient
Calendar 131 116 4.24 246 872 40.04 424 246 1.455
seasons
Table 4- Comparing estimated and measured sediment in Krikla hydrometric station (ton)
(US) M&g; 709 ypdud 2w | 5 dlb&h&ogdb)giﬁ Sy )l.\io A lto -F Joss
. Modified Modified ...
Data analysis Mee_lsured LQMLE Smearing CH CFk. Normal FAO Chy Ch ified FAO
sediment - —
Sediment amount of model estimation
83678.09 100374.92 9818222 48401.07 32251.64 78512.92 494860.97 303354.54 202137.76 112866.65
Total Estimated
difference  19.95 6.58 4216 6146 617 49139 26253 14157  34.88
(%)
80456.01 44452.98 39294.63 1258220 6666.24 35872.13 145767.52 112476.00 62572.25 59613.43
Hydroclimate Estimated
SeasoNS  gifference  -44.75  -51.16  -84.36 9171  -5541  81.18 39.80 2223 -2591
(%)
80456.01 41847.93 36933.44 12886.77 4081.60 33197.28 154003.28 113757.94 63311.02 17300.32
Calendar  Eqtimated
Seasons  (ifference  -47.99  -5409 5398  -9120 5874 9141 41.39 2255  -7850
(%)
Total a. 1.29 1.15 3.80 2.61 12.90 39.93 3.80 2.61 1.60
coefficient
Hydroclimate
seasons Modified 12 1.13 3.55 2.45 13.07 44.46 355 2.45 1.63
Calendar coefficient
1.27 1.13 354 2.32 12.49 4319 354 2.32 1.59
seasons

CFay Jyone U9y bogasld plol g 5035 (A8ly jlade
5 0393 5iaS (MY/Y+) MAE 4 (VFA8/Y0) RMSE (slyls >l
w123l e caslie (VWOINY) ER 5 (+A7) d pmsli (ol
oy plos S e Olgd o] ;5 45" 13,5 sdalie ¥ Jgi> &

halie j| eS|y (635l ogm; Jude CF, 9 FAO by, s2a

e ho) Vi1 (S plgis 4 (SNl FAO g, &S Jl>
o 5 (VAY/YA) MAE 5 (V+¥/YF) RMSE sl 208 gl
@ g b S sygln culie (BAFA) ER 4 (+/5Y) d (p>
s FAO j> &) s plo ¢ corlilg)den Jpad o (gainaid
4 by ;503 4 Cuns (ol CF; Logasee (ol CF

IYAF 5l F 0 lowd (o3 jaws Jlw ¢l 1] O galio ol
Volume 13, No. 3, Fall 2017 (IR-WRR)

‘-



g loanlin Cguw) yolie awglie olol p MG )S (g a9,
3 (ool (guiaaion i902) (IS gy <l (sloJo plo (391
e 3 ol cul 3 (wiomen Cusl 0391 J15)55 1 (295 3)Sles
Jaad Cjgods ol saipunds CF, s FAO CF;  sMol sl
Sy bl sy 3 Lm”]ﬂ cdd Lili8l Coge anlBloydid 5 (onglS
Gigy 3> detlia U IS psbas i Jobs s IS s,
w9 by s cpl 3 odlBly dn g (o198 Jgad (Sl
2ot 9 ol G el RS 4 bpasls (S35 4
09 IS gy 4 G hgy 92 e Jy M bl (6,500
Piri etal. (2005) .3l ol 1y (g0 258 Jos odly (gaidiws
e &S azily olo 365 wladss > Mosaedi et al. (2006)
Lo wdlge s op i s ooly (gubaiws (jed doius
@l oyp Oz 2 Sl 3855 (pl )3 0l &) gl
5 sloamlin Jlde 5l 5 in gy oS (gl 2y aS o lis
@l 485 35l (slosalio jlade Sl oS Yl (sl 00 0 ey

5 Hadi Ghoroghi et al. (2013) lawgs o &)l ol b ol
ls>a Hadi Ghoroghi and Khaledi Darvishan (2015)

..})I.)

Pt 82515 Blae g lise FAO o) )3 48 ol ot gl
Hadi Ghoroghi and Khaledi gols b 45 54 (slosalin jlide ;|
caslles 35 Zanganeh et al. (2011) , Darvishan (2015)
ol e e gy ol oM b
o ddate ) (olilg)dn Joad Gl Lmodly (caiuppnd
@l b a8 ol &) (gougi Jguad 4y S (6500 g 59l
Orapd bl e gwen Hadi Ghoroghi et al. (2013) s.aoc
5 deodly saiain slcdls plas o lad Sluye 1WSke i

Lo aS o39r (Jgome doin (g (b9 | §ite FAO b,
z—Ls 5 Arabkhedri et al. (2004) alox 51,55 i guls

callke Hadi Ghoroghi and Khaledi Darvishan (2015)
;A Hlaie a8 ol lis o] dw ya 3 sl Cunday guls )l
sCFz 5CF1 dL“’u"ﬁ) ) w).ao )J.)L0.0 )l )3@5 (\) 4]04‘)
polie x5S g gl oyl g 034 LQMLE sSmearing
b (sloalio Oy & Coms by ol )3 62y9lp g,
9 0l dwole Wyt FAO (hgy 30 cups ol e oS Jbjo
sloanlive Cgusy 4 Cannd (63591 0 gy polie (ued S sl
2935

3D 04D 03)5]){ g )l.\&o J).o ;.119.) D&M»g.] 0 ..b'.)).{ .))5]):.
s )D) LQMIE 9 Smearing ‘J?"‘“’ Ao (ST L;Lmu»”
2 5033 (gloanliio jlade 51 208 (Gl o5 g iy Jlo g IS g,
slosmlie jlade | o (oS 5 (B9) 9 ol Jguad 5 (oulBly) i
a lMde g colps O\}:,A Olyoss QI}?L;Q I C)] cle oS sl odg
Sl a ks 5 S calyd lime & oablse 3 45 35 g
D1 e Gl Jao Al @ e I il &S (Bloe g (eSS

Sregpd ol )3 (pwyp )50 laadls @S pioxen
2 odly gabaiwd igy 40 aS b Hlis olwsle il j3 o b
RMSE lids 0y 50S b (oMol CFy ouods Jouad (pwlul
o (+/00)d Lasls glyls g 039 (YIYY/AY) MAE 4 (VY- V¥/50)
RMSE L IS 5, » FAO Juo 5 .aib o (YAO/YY) ER
ER 5 (+/VF) d _asls (FFVE/-)) MAE (YF5AS/YY)
s ) 53 3l 35l 51y e ecelis (VYY)
S 5ogyte oSl 13V Jgdr 4 sag b o ogdle b Bme
ol (gaiadiwd (yog) 10 (Mol g, oHu5le liw! o U ,S
5 (003/VY) RMSE jlido (p S )b (ousis Jouad (bl p
(YFQ/OA) ER o (+/2Y) d Lasls sl g 054 (VAS/VA) MAE
oKl ) (635l g (slodnliv gy polis auwslio A3l
005 035l 2 oges) sl oS 315 (L5 Jgh sy 2090 (55209000
Mol CF; g FAO  Jus o) bodlhy S8y ¥l oled o

B GlaJsan) 39 slosalin b j S (

oy olis duslie wlul o8l (gytegyud oKl )
oy (corg g coalily b (caudind 3 (63)9] 2 g (slosalie
3)91)_1 AHs| Lo yd L o Py u.’>)'to1 FAO 9 u.’>Muo| CF,
L3g I gy plo | s esgls Jgad (gdbdiwd (gl =V /VY
9 L?)’Lo‘ CFI ‘@Mo‘ CFZ [T LA RT RN u.lf 0239) » 9
YOISS 5yl M) hoyd b b Jgone domiw  oxie
oxlatwl (sla gy plo 4o Cond |y (g0 doms —FV/Ve o YA/SY
MS,S (o) o] 53 Cpizren (Y Joaa) Wby &)l ons
sl uL.w 63)9])4 9 L;‘b..\.lbLmo Cgw)y )Jbl.o.a WL&Q )1 Job CJL)
Cguw)y dotus (Sotie gy daodld (gadiwd ok IS jbg, j0 &S
0394;3 dfl)l ‘) b)BTﬁ O e -£I\Y 3)91):. s Loy L’ uJ}om
CFp (h9) (5098 9 (sosllg)den (gaaiiod )3 5> &5 Jls > cul
Cnrte =YYI00 o =YY/YY 39l M) o3 b s ity (> Mool
o] ) ¥ Jgdo 53 ol &) ol 4 dvgi b slanily 1) 3,91

IYAF 5l F 0 lowd (o3 jaws Jlw ¢l 1] O galio ol
Volume 13, No. 3, Fall 2017 (IR-WRR)

VA



Journal of Natural Resources 64(3):231-242 (In
Persian)

Feiznia S, Majdabadi Farahani F, Mohseni Saravi M,
Arabkhedri M (2002) Evaluation of the proper length
of record for estimation of main annual sediment
yield and its relation with area variation of annual
sediment vyield, climate, geology and vegetation
cover. Journal Agriculture Science and Natural
Resources 9(3):3-16 (In Persian)

Hadi Ghoroghi H, Habibnejad Roshan M, Khaledi
Darvishan AV (2013) Efficiency of different data
separation methods to increase the accuracy of
sediment rating curve; Case Study a part of the
Sefidrood watershed. The Iranian Society of
Irrigation and Water 2(2):97-111 (In Persian)

Hadi Ghoroghi J, Khaledi Darvishan (2015) the
estimation of suspended sediment yield models in
north and west of Iran (Case of study: Gharasoo and
tajan rivers). Journal of Iran Water Research 9(2):73-
78 (In Persian)

Jones KR, Berney O, Carr DP, Barret EC (1981) Arid
zone hydrology for agricultural development. FAO
Irrigation and Drainage Paper 37:271-284

Kakaei Lafdani E, Moghaddamnia A, Ahmadi A (2013)
Daily suspended sediment load prediction using
artificial neural networks and support vector
machines. Journal of Hydrology, 478(25):50-62

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

Krause P, Boyle DP, Base F (2005) Comparison of
different efficiency criteria for hydrological model
assessment. Advances in Geosciences 5:89-97

Melesse AM, Ahmad S, McClain ME, Wang X, Lim YH
(2011) Suspended sediment load prediction of river
systems: An artificial neural network approach.
Agricultural Water Management, 98(5):855-866

Mirzaei MR, Arabkhedri M, Feiznia S, Ahmadi H
(2005) A comparison of methods of estimation of
suspended sediment. lranian Journal of Natural
Resources 58(2):301-315 (In Persian)

Mohammadi Ostad Kalaye A, Mosaedi A, Heshmat Pur
A (2007) Determination of the most suitable method
for estimation of suspended sediment in hydrometric
station of Ghazaghli over GorganRud River. Journal
of agricultural science and natural resources
14(4):232-240 (In Persian)

Mosaedi A, Mohammadi Ostadkelayeh A, Najafinejad
A, Yaghmaiee, F (2006) Optimization of the
relations between flow discharge and suspended
sediment discharge in selected hydrometric stations

& 5 e —F
(.)"’L"" » u_ﬁ-M..o‘ CF2 u35) Mfu)f 9 blf).u.u dlﬁoliw‘ ).)

ol 03 gy S Jas b cors8 Jpad
CFy CF; slagbgy » (Mol copo 38,5 a5 3 b ¢opian
3 Fobe S i yob 4 00 0391 (3las Cogu) 50 FAO 4
s &S b L wls cahzes A dusbxe (glodalin lade

st Sl Ao s o (g )90 o] ¥ (e (ol adlate
o] Ay 53 odal Cawndds ol b Bl Blae igasy 359
LFp el gy 33 copd pdlie | 5aS 8 o po jlade a5 ol lis
(SeaSS0S g0 ol pl g 009y LOMLE 4 Smearing CF,
s glumliie gy & s gy cpl 53 (53903 g polie
5 03d anle St FAO (bg) 3 cups (nl jlade o5 Jbb >

dle.&vL.wo gy A Comd 63)91):. o) ):)Lmo LSMUW») p&b
VNS

&lp -0

Arabkhedri M, Varvani J, Hakiamkhani Sh (2004) The

validity of extrapolation methods in estimation of

annual mean suspended sediment vyield (17

hydrometric stations). Journal of Agricultural

Sciences and Natural Resources 11(3):123-131 (In
Persian)

Arabkhedri M, Lai FS, Noor-Akma |, Mohamad-Roslan
MK (2010) An application of adaptive cluster
sampling for estimating total suspended sediment
load. Journal of Hydrological Research 41(1):63-67

Bardestani S, Akbari GhH, Kivehchi M (2010)
Comparison of artificial nerve network method and
sediment curve method for sediment yield in Shapor
river. 6" National Conference on watershed
Management Engineering and Science and the 4%
National Conference of Sediment and Erosion, 28
and 29 Aprial, Iran p 91 (In Persian)

Dehghani AA, Zanganeh ME, Mosaedi A, Kohestani N
(2009) Comparison of suspended sediment
estimation by artificial neural network and sediment
rating curve methods (Case Study: Doogh River in
Golestan Province). Journal of Agricultural Sciences
of Natural Resources 16(1):1-12 (In Persian)

Duan N (1983) Smearing estimate, a nonparametric
retransformation method. Harvard University Press,
Cambridge, Mass, 456p

Feiznia S, Ghafari G, Karimizade K, Tabatabayizade
M.S (2011) Determination of the most suitable
method for estimation of suspended sediment in
hydrometric stations upland of Latian and Taleghan
dams. Journaral of Natural Environment (Iranian

IYAF 5l F 0 lowd (o3 jaws Jlw ¢l 1] O galio ol
Volume 13, No. 3, Fall 2017 (IR-WRR)

Vay



Walling DE, Webb BW (1981) The reliability of
suspended sediment load data, in: erosion and
sediment transport (Proc. of Florence Symp. June
1981), IAHS. Public, 133:177 - 194

Wang S, Yan Y, Li Y (2012) Spatial and temporal
variations of suspended sediment deposition in the
alluvial reach of the upper Yellow River from 1952
to 2007. Catena, 92:30-37

Zanganeh ME, Mosaedi A, Meftah Halghi M, Dehghani
AA (2011) Determination of suitable method for
estimating suspended sediments discharge in
arazkoose hydrometric station (Gorganrood Basin),
Journal of Water and Soil Conservation 18(2):85-
104 (In Persian)

Zhu YM, Lu XX, Zhou Y (2007) Suspended sediment
flux modeling with artificial neural network: An
example of the Longchuanjiang river in the upper
Yangtze catchment, China. Geomorphology,
84(1):111-125

Zoratipour A, Mahdavi M, Khalighi Sigaroudi Sh,
Salajegheh A, Shams Almaali N (2009) Assessment
of the effect of classification on the improved
estimation of suspended sediment load using
hydrological methods (Case study: Taleghan Basin).
Journal of the Iranian Natural Resources 61(4):809-
819 (In Persian)

of Gorganroud river. Iranian Journal of Natural
Resources 59(2):331-342 (In Persian)

Piri A, Habibnejad Roshan M, Ahmadi MZ, Solaimani
K, Mosaedi A (2005) Optimization of the
relationship between water and sediment discharge
rates in Amameh representative watershed, Iran.
Journal of Khazar Natural Resources and Agriculture
Science 3(3):30-40 (In Persian)

Sadeghi SHR, Kiani Harchegani M, Younesi HA (2012)
Suspended sediment concentration and particle size
distribution, and their relationship with heavy metal
content, Journal of Earth System Science,
121(1):63-71

Sadeghi SHR, Mizuyama T, Miyata S, Gomi T, Kosugi
K, Fukushima T, Mizugaki S, Onda Y (2008)
Development, evaluation and interpretation of
sediment rating curves for a Japanese small
mountainous reforested watershed. Geoderma
144:198-211

Thomas RB (1985) Estimating total suspended sediment
yield with probability sampling. Water Resources
Research 21:1381-1388

Ulke A, Tayfur G, Ozkul S (2009) Predicting suspended
sediment loads and missing data for Gediz river,
Turkey. Journal of Hydrologic Engineering,
14(9):954-965

IYAF 5l F 0 lowd (o3 jaws Jlw ¢l 1] O galio ol
Volume 13, No. 3, Fall 2017 (IR-WRR)

Vay


http://www.springer.com/earth+sciences+and+geography/journal/12040



