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Figure 1. Locations of studied Watersheds and theirs Hydrometric stations in Khorasan Razavi province (Iran)
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Table 1. Physiographics, climatic and hydrological characterestics of studied watersheds (Khorasan Razavi Regional

Water Authority, 2015)

ol oShe 0 el £l UTM clazze
Yl o5k ihol N ojo> Lgio sl Lawgie ol ol
pefe) e S g “);:,) soshS)  (mep)oie Ly WGS 1984 UTM Zone 40N S iog)hed
\V4 Y&y Y4/ AY/A YAY/ YEIY YVSA SAYYEY ¥-¥1200 Sidigo
oY Y¥Y YV/¥ ¥V/\ YA¥ YVIvV YY¥A FANYY ¥.yvayya Ols
o I¥ y¥a AATA} ¥£/\ ¥.A ¥o/o Y¥YY £AYY.q ¥YYYAD 0y3p > :bjc;J,:
/o YY¥ Y¥/N Yv/y Yv/E Yv/a Y.y, YyvY ARARA AV 5L Olowl yuo
As Yy YVIV FZIA Yy Y\/Y Yaay YOOV ¥-yiavy Gl oS
.I¥ AArd Yo OF/Y M/A Ya/¥ YASA yiaray ARARAAR S jlas




Mo

el o2 (o )3y (hgme )5 Latlyy S ©)90
9 u9]o/w dl.bch Alwd LS‘)J dJ.)l:w) J.,\.o 2y 9 dl)l.} JAA
A) 29y dalgd (s glaole diwd (gl dlolso
(C Jw) (2L gy Curdg Jio -

5 oy @ b bl gbeodly il Jao ol
9 o (B Gldg b glaole plul p Blae g,
dyg0 ,5ud dtwd | Jauwe atwd o Blie (slaodly L
lee 93 5l 55 Jdo cnl 3 e 3 S (0 )18 ()
olissl gy y5ly yolate &y (awd jo (gl ddlae )
A Algs
(D Jso) (Ss5999,92 Jo £

22 ol @ by el bl Juo opl o
Wl 5:Ske g 48,5 )18 ) 3590 (5 yiog it °l§w~‘
il o (00 Al :She L 33,5 o Al
oS Jypo 50 g oo duwmlio ol wilale buwgio 23 polie b
olo o w3l yieS Gl (o3 bwgio jl wlale (o buwgie
Ay wlale (25 bawgie &5 Jy0 53 5 SIS ole Gy 4
» oo O]}Lc 4 obo OI Wil Yl wd ]a.wya )‘ rovn L
anwd o b yblie claodld gl coles j3 30,5 o i O
Jae ol 25 (e 580 Ggee)S) baly) Jis g0
5l L§; a5 2y Jaled (Lgw, Ww’“’) aoles g2 d‘)‘f
@l s glaole 6% 5 @l sbrole sl ag]
() il e ool

oy ool ol e L 4 wlwle
Ol 0lSim] o &bl 0y9 Job )0 ol (g S0l
4 bl 1alg5s 393 500 (sl Jde & ooy (gl
W oa ol 5) g edlatwl dlale Jao 51 51 Jlo lgie
2 65503100 slmodls dlus Cuwl (Koo oL gu5 pannsls ditasd
2l (BB Sgms ) Jao S5 obul gl Wole 5l an

gy e 3ygl 2 glaie &y 00 S 3)lge 4 255
dolee 3l cadlas 3j50 (giiegyhd srolSiul jo 3lee
2 skaie cpl ly i eolatel (V dlaly) Gow) doiw
‘D)JID)& Dl)jga.]a) £ul$.c.l§ ‘&.«o’o d):ﬂﬁ)m duo&w‘
ey 4 ks Jlas g Gyl GhdS Gl Claol
O =l (2o ooy Caan ITY 9 VFF .. A VA YYY
5 ool ol d).;o)’l.»'l Cgw)

aiw Ao 5 g cupd 0] Cund 4 sl
Ole slade polsl 39250 aodls Lol () dbal)) o)
u;/uwlm PRI TR tE W R N VEEVOAY (D A L;LmJ.\A) o
—0kr (2 e g5 b om 5l o)W el 3 b
@008 s s 1SS e gl lae gy (20
A oalatel JuST l8le 5 51 jelate ]
W Je GBS (g,bo] o s Wi

20 (29 )l_g ‘>)9|H )9.‘&.;@ O W) uL.J'dS 4:9§:lo.m
ol bLE plw olyps g clislejl 4 oy b sl
0453,5 &Il Lz gla Jae 5 Yoo )l ols lawgs
GLaMiA] Galisee ¥olae 5l alols gols o Lol .l
JloS g 4025 gyl e )3 929 (S i

WA Ll 5 )le 110 o)lod [piin Jlo el s> upute dsliagsy

S )
W) d)ﬁfo)'l,\ﬂ slaosls L§°“"" KV (e u;‘ 5

slajg) Sl pan ) &) Bl Cgu) clile (b (2
b aljg) (23 polle (izren g (Wlodd (6 pSojlul Jl
wdp s dLlcdey (SIS (Sidge (gtegyin ol
Sy 5l kas jlas g 56l S ks Olul
ol cnl g ogdle 35 8] spy ol (shadlae
5 b 35T aalllas 350 (slolSinl ;5 55,0 wlale
el Yo oyll Sytie 0ygd Jgbo clmodls gl oy
et Caslie YYRYIITAY ol WWEY ST T L
A eald
Losls (g 5lwosle]

QO dog b oodd (£S0lul Lgwy clale olie lanl
015 (5 y:SojI] Blao wogusy o> & g ybolite > ppolie
Y) sas s

O90)) modly cono g cunS jl luebl jglite 4

odly dy50 50 G —539)5 alaly | odlatul b &y (godl
9 48 Pl 3lae Gy (23 sloodly (izmeny wljy) (20
W8S B g (poyp 290 2lolid i ©p glaesls
Byl g slol amlgds wlol p iy claodly I Sy o
Sy b alig) BlSe a5 O ol Jd g2
a4 Bloye g ookl &S oy gleedly I K0
ol b o] G (00 p0lie dunlio L) L) o
b Glolid)l5 455 9 0 (Sl dmlgd «( Sk ¢gbxe
A4S s (Lmo)'9> U..SL»
09031 2y90 S,

e dblae Sl (Blae ogwy e 2yl slate &
b lgis & Blae gy (23 o) 3 & cogu, doxies
Sgde 4B)S Jai 3 ol 2 > e b (22
() aoles) w oolal
Qs=aQuw” (V)

ol o Qu iy 2 ) Glae gy S - ol 9 &S
bl oo Ablae colp B g8 g (48 ) o yie)

5 oolital b las cogusy 2502 pskiate 4 S oo o
)|)§ o3l dy90 i Ty A J ¥ ‘Oli)? =) ol
(A Jio) &Y Jio —)

2 9 by o blie leosly oled Jio cpl jo
S50 gl g8y Gloj B)S S ,0 pgn e g,
G BB Jao ol nl pl 85 e HIE ey
el g il (Jae ) e o) siuans
gy e 35l lp (Cgu) doxin (oxte ) ddle
(VA 2545 0 3Ll aodls olod 3550 53 (Blao
(B Jo) (conddl Juo -¥

Al 5l @ basye slaosls Lolwl p lanl Jae ol 5
e Sy ol a gl g b e
2 Slp sk g Sitd (slaole g ot o) Sia g puel
odly gly ol )3 20,8 o sl (8 piog it 0l
4 (wsbye slaols b 5 (K25 cloelo) 4w, b bilize



W

£(GSD) sages slne iyl -0
RMSE (%)
N

GSD =

wlie o:Sike By s cluje oSk aty of 3 o
PS5 o & ko ap o Adle 0ad gl g
g1 wlsd )l3y08 gy <83 I Jae Al
Tlev) et oo =5

C, = SP_" * 100 v)

R 5 osd 3yslp gy palie jlas Gl o o oS
UJ‘ )lJ.EA A> )m .\.wbuo [RW) .))9]){ Sy /p.)‘.n,o wi)LuO
Myge e €85 5l Je Wll 5S35 yho 4 s ls
Y .\.tb|5>

(1) M) s -V

P,
o ")
e sl 5onp G v 4 Lasls ol ke 4 g

Dy dale 15,95 0 6yt
MRME) (oo slbd 3> :Slo—A

r =

n 1O - P
Z|'0'|*100 @)
RME ==L~
n
6 ks B 3l Jdo Al jieS dxyp 50 s ld opl jlade
’.W‘)‘J)?ﬁ
(E)ord Mol o]y A
2 [0 - P ()
E=1--12%

SN

2 bl colps g e Ul sl ol (00905
un‘.w LY ){I){ o,\;.mOL:;; .,\.wl) A.Su b ﬁl){ a5 uﬁ)}ao
2l bl e 0l (g pS0jlul polie b onds ))5T)g yoolio
By Wil S dols Sl jatls ol Jlade dnya oyl
Al oS Jao 2l g a8 000, poolio

2 (d) ol pasls )

iZ;IPi -0y (")

i=1

Wlod i Wl o S U jho odgdze (D (38l adli
B Wil By S 4 asls ol goss Hlade axga

Dy daled il Jdo

el goylel ol 2 Blae Coguy 339052 g (. Fmslin (s

P Lyl oLyl g cikie Lo byy b ons 35l poli
S anl jebaie ol ol o ST aailng) 51 S5 m
sl gl sl ges odlaiwl (oxiwlles gla yadls
o=l 5l ealass S el 8 eolatul 590 0950l (Slgl,8
dy90 1y Jae oo 505 (ool g Jdo ¢ la sl
b 0 Ll o) St 3 o )5 )
by s Jao QLI Ll )l (655 (6550 2 3lae
I8 G 4 il i S I oyl el o5,
Al eslawl wlwl e Jde S olil8 5550 j0 cigliad
DS 0 g (Zriwld jadld

SIS s 20550 oa i ais,S LS 4 Yol
725 T A gy ol )3 (il (o)Ll sla a3l
S(RMSE) s lagyo 5:53be 4y )

n 2

Pi - Oi)
RMSE = izz:l( (v)
n

ol 04 )53 ol jd a5 SYoleo g dalee oyl jo A
W) Lg);b)'l.\i‘ Cgu) polie . ond ))91); Sgu) yoolio
dﬂfo)‘l.\}\ dlmabb slaws 9 Low) doab b)lmi': w.\jl
yio & - jasls e anya sl (oaddygly L) ond
gy dled Jlayed (i B 1 Jde il g S5
F(MBE) s Gl o) 4:S5ko ¥

wee - 13 (0, #)
i=1

uol.ml S5 ) eoie o Wilg o e CBlysal SSbo
9 LSJ)?I)'E ).:.)Lo.c JAK L}u.lm )i.ll.ud )M )‘J&a V. %
Glysal e saimdlis (asld ol il e (g pSojlul
blise 2993 2510 b 9 25l e Ceos &y Juo

: (MARE) o gllas (3llasyad . Sbo Y

o -P (¥
@]

MARE = %Z

i=1

Byl Jae sl 505 yao 4 sl Hlade dga
g algs l3)95 5 (6 ey
AINMSE) o1 ey slbas Slay o (uSke ¥
L 2 (0-00)"
NMSE = —(-= -
n S

Oi ¢ coul oad S5 aaldl )3 a8 5Volao g dileo oyl p
polie uslyly L godd (s pSeilil gy polie Sle
doyn 35 gesld ) e bl e a6 pSo3ll g,y

ol 1363 5 (6 €8 G e il eSS

1- Root of Mean Square Error
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Figure 2. Sediment Rating Curve for “sub-model of months without of vegetation” from the vegetations model in
hydrometric station of Golestan Jagharg
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Table 2. Coefficients of sediment rating equations (aand b) and coefficient of determination (R?) of the equations for

the studied hydrometric stations
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Table 3. The values of errors criteriafor various models of sediment rating curves in Moushang station
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Table 4. The values of errors criteriafor various models of sediment rating curves in Golmakan station
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Table 5. Thevalues of errors criteriafor various models of sediment rating curves in Dolatabad Khoramdare station
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Table 6. The values of errors criteriafor various models of sediment rating curves in Sarasiyab Shandiz station
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Table 7. The values of errors criteriafor various models of sediment rating curves in Golestan Jagharq station

0 6 6 6 b G T BT "ET (onda (oo () Jek Jed
A4 7V RN YO WA LYY WA 510 yy/ha Y/IAY YYY/A 24/ Sl A
AN L7V SRR\ SR A /NN R /A SR A 4 WY/ £10A Y Iv¥ YAy YYEIA AAA/YD Gsbye slaole B
/Yy DAANRY N . I¥ ARVSVA R VAY S A RYRA N7/ av- /s AATAYN Yya/y ARARIAYS Sus glaole

A A AN Y NWYAY -I¥ VASIYD NI VY. YA YYY/A VSN g b slole

IvY AV efa0 /¥ A¥/A <YV YAYIYA O YIYY WYY VY. YV VN Dludgy 8B (slvolo

ALY SIAN [0 /YD VWYA IYA WYIEY oYY \WYW/AD AVARY YYV/Ay. ave/aA ui).) ol b
AN AN LAY L/Ad YAA AVAN 2R ARVAN § SIVY YevaA i AN ATAR gjpfdhaola

Std Hlas oK) Crguydomian  Goxie cpnd Cilisee (gla Jse D  Sriwlas (slao)l] polie —A g
Table 8. The values of errors criteriafor various models of sediment rating curves in Hesar Dehbar station
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Table 9. The amounts of points gained by each models according to errors criteriain hydrometric stations of Golestan

Jagharg and Golmakan
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Table 10. The amounts of points gained by each model according to errors criteriafor hydrometric stations
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Figure 3. Histogram of the amounts of points gained according to statistical criteriafor each studied modelsin
hydrometric stations
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Abstract

The phenomena of erosion, sediment transport and sedimentations have tremendously
destructive effects on environment and hydraulics structures. In general, sediment transportation
depends on river discharges, but the proposed equations inherited with large errors. To evaluate
the suspended sediment loads and an optimized model on them, in this research, data were
collected from some sub-watersheds of Kashaf Roud basin (including Moshang, Golmakan,
Dowlat Abad-Khoram Dareh, Saraseeyab-Shandiz, Golestan-Jaghargh, and Hesar-Dehbar). To
decrease the error terms of eguation model of sediment, we have used the combined methods in
regression analysis based on tempora classification of discharge data and their sediment in a
period of 30 years. Different base time models were examined using 12 statistical criteria, to
select an optimal estimation of suspended sediment loads. The results showed the best equations
are hydrological, vegetation and climatological based models, respectively. So, these models
had the lowest error, selected as the optimal models for estimation of suspended sediment loads.
But annual-based model (without any classifications on discharge an sediments.datae, was
among the most insufficient models. In general, the error rates in sediment estimation for dry
months with water shorta?es were less significant than the wet months with high water supplies.
In these months, the effectiveness of suspended sediment loads of discharges were more
pronounced to compare to other sediments transferring agents. Based on the results of this
paper, it is recommended to eva uate more watersheds to reach to a precise model for estimation
of sediments rating curves.

Keywords: Suspended sediment, Flow Discharge, Sediment rating curveStatistical criteria,
tempora models



