[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

e
2 | -~
VO YWAY a5 5mb 1A o )lads 1o e o 3uul 039> Cu o asliimghy

Sl rb ilio 5 (55,5LAS pale oISl

el 0395 ke dolidngy

3591 31 58 &bl (g ¥y aliso (sla g ) dunn o
(39, b 159,90 andllan) AVl Wuwjlyo @lao g b

T solas Lo yule 9 el cumms

(@MadiaB55@yah00.cOM : Jgens i) e sbos smeb alin 5 (55,5LES psle olEils Lokl Y

VM Gipdy )l /AN il po b

R

3330 &bl Gamw Sy Jow paiey Wosls Jloj SUSE g (90 GuuawdS b ol gl o
O ilwdnnd g Cgw) (29 9 Bl (20 SOOI (e yF )y alauly (5)lB 0 b g CB,F 18 oy
ol yod 4 Cgmw )y aiw b Sz FAO g USBR sy bgy @ub g s Slupe JSlos gy (wlwl »
Uas Olay po (Sl Jolos (5)kol o sl wll » Jow oy cawlio .o &1yl (55l Joloxi g & joxs
S Gl b a¥le Suejlyd Glro gwy Hb polie Gz a w0,5 GRSl Guad oy g
Al bwgio (0 g aljgy bwgio (25 (b pglwd Sxie i by (o0 gy 9 golesiny
S Job 50 diljg) yguo dy ouud (6 S 03I gy Clile g by (0 Ll I Liwly ol Ho Lo 39
59 b eolaiwl 5g, b ailsogy p aBly YU 41,8 (g yingyuud oliws] dlw YY wae Vb 0,90
S el Joo lgie 4 diljgy bawgio (29 b FAO gy 4 diws lawg o> Jow Guali coles
90,5

Ol Pl (Sowio g Lol Joo corgmy dztiuw (S (awlye @lro b i gunls sl

Ol o aS Glae Cgey b gume 355
IS cwl o Jox 4 0B asis
S wdbee g, Slids Lol legsa
wile gwiige sloojon 5l ik o
ol op3d wle Slb g o34k,
Syl p cailsog; Blae )b Ol (55909890
wlioy, oSl @y aVle Gl b

FRRV-P)

s Selgye sbojle )5 (6 liKgm,

plod ;o &5 009 (arme o e Jlows
S lgre 4 g el a8, S 1,8 G 090 Lo

Sliswy &S jsb 59,5 o b g e


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

\# AVl Sow3lys Blae gary Hb 8,905 50 6 kel (e S, cilisie sl g, dumulio

by 9> Cgw; din e B8l by 0l
celbie gy diljg) lawgte (o9 b leaiws
Ohen 5 Slidlys ail o Glae b o),
axi (G bty 5l el L (V)
b o (e, 5 lad (b 9 (eSS
Ogee w29, Cgmy polie (FAO) (o9,
@l 5 00,8 a5l 1) Gliwies pliwl o
dslie 0,90 Sl o9, U 1) odwl canny
Jaws gy ols lis gt bl sl )3
ddloo ormlio b9 g9 5L

Vol (V) o)Kee 5 saclus
4 (99,9 GloolSliws] ;5 Loy amin v
Ol gl s gl cans 1) 7,5 5 50 slaaws
I @IS g, laie cV¥olre (pl a5 ols
G e g oy Ve sgas o 50 dw e
By lade 1 aS ws e AY sgus 2,5
2O Shb g el Baios a8 o 850 5
Syglyp a5 ols las ogj0anly s ie
g s bugie g, eolitul b ogm,
Sz leole O g0 4 Hlel SSE pien
Shire 2l 1) (Koor Gliee 2 3YL 5 9
Glao 5L 3551 s lel sladg; anslia j3 (1)
& Sy azl ol 4 09,055 alsog,
WG alf oo, 5l 0yl calize slaig,
oy gl S KaSS 4 cand ply
S5 58 g9y 0L 5l ey3 BB dga> Gudod
ol oS cwl ooy Jo gloj duojo ¢/ ¥
Sl paigas 5 Jow loolyg, Coenl caias
Db oo Ll cale )

S W39, ;0 (0) Fugg)ee
Coy b Sl Gre sk 4 a2l o
S ole oo Al Cns 0,90 S5 0wVl 3lso

ol gl GBS g lS 5 Ak
Comnl o o LS g Y o Jolge cilis
Glre sy S 05l Gl (1) el
4 azg b oaS o)l gy (goanile sla b,
Wz b Sy 3590 dihaie Ll sy
@S alie 5l 9 09800 485 IS o
iy 0j9> ol lp W1 5 (S alol>
gty crl o 3lee 2T 50 (F) 055 o0
Bleo Doy (295 Oz @0 O Sy Ak,
Sl Bgrme gy e (Gie 4 &S

P oolaw

b
Qs =aQy QD)

bw)bsooydjol.x.o%‘)bbjat\s
oezee (5wl Censy (i3l e
clale ool Gﬁfo)’bjl ﬁoL'o;o Jos 6‘)%
Blae Cgwy (20 4 Blae oo Slge Jawgile

30,5 oo oolawl il oo g,

Q, =0.0864C.Q,, )
Glae gy dlse 20 Qs 1ol o &S
Sl ok @ Qu ey 2 &5 ey
chle bawgie C g agl p S e oy
s p S e ey Glae (5w dlse
(8 &) ail e
oS b, ey o OF) Gy
g S gloole el p osls S
Slp ol (20 polie Gunawndls 5 b e
2oy las Gl G taS dolel B ypxe 055>
cde @l L (V0) pdo)l g (geitw) 3l
95 03358 seailsag, 1o (5 ey e oSl

Ol gl wssls JI3 cwypm 0590 1) 0g,0L0


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

VY VWAY flins) 5 5mb 1A o )lads [ ez JL,,},;‘JO;? Co e doliiogh

ax,p dwbre o5 1> bl o 09, kL YU
sl oo 5l oolatul b 3lae gy b 5580
e llae 5 Fojail canbls  cakisea
dalgz ool 1) o (5w 4 (699,5 D9,

.0)51

L Jigy 9 olge
andllan 5 550 Ailaio

5 G Sy 4 il 03> boog, bl
oS Jlods sldaisls 5| xopo yioghs FO-
L SliwngS jisu ;0 g a5 dadir yu 5l
O USE) oyl by glaase BB o
0 ele a4 oy Loalseg, ol
a4 o0l Oyse 4 O el 5 ST 9
(V) a2 o dnlol 595 L >
G (g

&530 <\;|)9) LSLQOOL) ‘M‘ ‘umbjj.’ U"‘ )é
Bl b g, cdale 5 b
hadllas 3,50 albog, » @8ly (s yteg e
o 5 Soglaez oLl lailie Ol oS,
Jsbo slls VB 515 o8] o5 «amn s
Y050V ol Jlo 5l el VY (bl 090

A% 03lS i

Oedul L0ged soliiwl Cguw,y din sla i
1 g, dotiw GLQ‘_,’.L‘?LZ.Q ‘_,’_.,L{)’)| L ()
525 090 1) (9w layb bl olalod]
i gl e G 0 0,4 axe
el Sl Joae op e ol jelaie 4 (59
3O L o lax Gluye (oSl JSlos
bogio o9, (V) )5 g s Godod
ol cds Ll alls 1) cds o iies G?Lo)'
b & Glpaise el Gl b b,
£ aw (V) OB el el als Lg)lau;.u
o ol 13 asdllas 8,90 1) douin Jovie
e by cul & ol Glas Jlod g a5
)|d.0.c L0 VYl d,l.bc ul.ss.w) ,...05 -5)91).3 4
WY PO 6:519 Sode dop B0 3l i
Jass Glp ) el joS1 SO jslate oy
Do &l diwgnl oo sbvosls 1 eslaiul g
sl Jswe ‘s.'l-.’.})‘ (igh ol 3l Gas
g Loools (gaindind ogd 'y i
adly JUsi Sy, ke S (e
0)9—‘).3 59 QL’)'> N )‘ oalazul 69) u.:l.w‘ »
QT)S oKns ‘ asYlo dl.a.o Sy Sl )")Q


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

YA AVl Sow3lys Blae gary Hb 8,905 50 6 kel (e S, cilisie sl g, dumulio

Ql)..\.;)’Ln QL';....." 50 dalllae 0,50 didlaie Coxdge -V S

0,8
Gobl B 5y s b,

3’9"-"“’) by kil So Gy cnl o

g 4By, Bl ogm) Sb o (S e
@ azg b Jos po 0sdoe 8y o] aal
L bl ooy @909 ol @9 slaosls

Olatie axio 4 o3l G 93 ol
2 Ml e b ead i e )
s il e 5l Sl JBlas g, sl
B e 98 o (V) alaly g 098 o ools
oz s bga polae s Glp 005 e
Il Sluye oieS Ghgy 4 Yol
(VF) 09 oo ool ¥ o ¥ Lailg,

D)

> LogQg —b> LogQ,,

Loga=
9 N

Jelod g 4525 sl plodl g8 ye I LS

BIY Jols a5 b o3 oSl (slaosls
4 Sy 20 -0k (@20 Glopen ools s
ol jshaie 4y Bl oo alyy, ©)90
(el S ondelS 5 SKen odS
colaS o, ogesl 5l eols  Ses s
oAdle a8, sl g weSle g, 3l laesls
olliw] G (Swsr ool bl
JSis slp oK s, coliiwl lgman
oy 5 @ 4 arg L dlise gl
SaS 4 Glre Slgw, (20 Il (g 550l
90 4 ools w5 dwbre (V) dlal,
a0, Vo g0, 5 Glaosls dojo Ar cond
sleools ol SSE wioe slaesls
sodls 3l g Sy come (o3l gl 0l
oolwl Gy gilwand glp rwiows


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

V4 VWAY flins) 5 5mb 1A o )lads [ ez JL,,},;‘JO;? Co e doliiogh

g oo 03l (B3l p [iome abl; SH
Laiws g v Joo
o Cils p sladiges olaas aS Ll

9 009 05 sl (Dhew &Blge 10 Cgm; (20
I il o oby bailzog, ol o5 &dlse 4o
absly Glel J5 Gl b o 55l 0
35815 e Oy Sloss ln ead e
Jie jl>o YU slo o0 5905 j0 Lol ails |,
S 2d mew lB ln rlple osds
oo &5 cwl pl s, 31 S YL
e |y a2 lawgie 00,5 (gaisdiws
5 Oz @ sleaiws hugie G g 0ogel
Sl (Sed Csm) (20 Sladtns Lawgic
VY)) o
&0 EIRAWNS Juo

arg b Cgm) g 20 slrosls (Jaw cpl o
AYlo oo 5uSle g ailig, 2o polie 4
oled Jae cpl Ho ibesls SIS e Joe
Tl ey 58,5 I 5o g Laosls
@ e by by SBlS5 0 Coxdy
S (o0 )8 (o) 2 8590 aNS
5 e laole (wlal o brosls SIS Juw
I S L
@ oSk 5l S g it Lol dlale 0
s slaole 5w 50 iy 4 anl AVl
s o gl g oad ganaiws oDyl g
Ded oo L) GlaBlas Sguw )T, alal,
(2 GaidMS bl o ools S Juw
5l sl b, & &S wbosls Jaw cpl o
ot Gl S AVl o0 Sl Chal

sl by o0 &S oleosls g A Jow lgie

9]

b N> LogQ,, LogQ, - > LogQ,,.>  LogQ,

N> (LogQ,)* - (D LogQ,)?

FAO g,

5 pB)l ko slr FAO (g, o
polie @ ool oyglp polie od oo
dolee jo a5 Cl oals aog ( Slaslin
&S A oo jla e ye by g, axie
D ool o ylo el gl Joass oo
Q.
Q.

a

®)

> sleosls lawgie Q. ol e as
& odls hawgie Qg Blae g,
lae o9, ol Sl plo wilin by
IS a8ly yo 9 cawl USB.R g, aile
OF) aib o QT Sglasl bass
SOl sla oo
hSaz g b Sy Az (S

ably e owsbd e Uy, 0
Sondg axly (b wiz 0 g (S
St S gl WS Laidl beosls  Saisxy
(e dix ilBg) (3 ganaes sl p
y9ee 00l (6 S oslul glaosls e 5l asiw
odls il bglas aS cul p3Y 050 o 00ls
F3d FB g S, (Ko pd ond
V7)) ool asls
a3 YLy ilale i sz Juko

oobl 32 gy (20 955l gy cnl 5o
had 5 YLy cailals &y 4 Laools S5
Lol 51 S sl 5958 o0 1,8 anlllas 050


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

Y- AVl Sow3lys Blae gary Hb 85915 58 (6 kel (ygum S, cilisie sl g, danlio

L ol ‘Qg‘o 99y g2 Y e 00D
G9) 2 O > g oodd pSojlail sl
3ot 2,0 ools olaws N g g, o 09

(F) wib oo Joe

= —QL)_> = oolo Coa> 1Y )|
daJoe gy alyy, Shge 4 Com,
u.e‘.> oald Yo 9 o).ﬁJlf u.@‘.> ool YYA
6)L°] LgL@Ua.&-Li» O g J».\.o (oo
Al oolaiwl eolpiin sl Joe awslie o
O SeS,y akaly glBe Lo
c\.l>).o )d Lo ‘53‘) 9 ub).> ngo 6&00‘&
Jolas g, bl 1 o1 gslwsans g 0, dlS
a>ye j0 golpiian oo I S o ol
NETUNIPE SRS E S sl sl )b P SR
A Ao b Joe Ls)l.o] sl axls
oy @bl sleyull asds Vo Jgue
FAO g, 5l Jolb> wls ¥ Jgo> s USBR
REXPPE I

ools s B Jow olgie cow cunl S QT
&> oSle Pl 90 5l il Gl oo oS
g 0ol (5,la856L C Jow el iy 4Vl
SlalBlas Gew,S, daly aus o Iy
oSl S Gl pol Glesh 0
Sl gl Bl Cgwy ¥l Sowglye
ouwe i b oo e sla b,
bgie (299 aljg) bawgie (29 Ol el
W05 oolatul golpinn oo L ailale
3wl Juo ol jshte 4 e
B T e
Sl o (12Kl ¢ Loz Olaypo fgomme @l
- Y . . Y -
Oygo 4 o f 4 a5 ol oo g s

SSE:Z(long'o —|Ong.c)2 *)
msE = V)

n
M)

re _ _(2.(09Q,. ~10gQ,.)(10gQ,, —10gQs,))°

Y (logQ,, -10gQ,.)%.>  (logQ,, —l0og Q)
uLx.:)A Egoira SSE ‘Ja;b) O‘i‘ 9 as

oo RE dbas Sl e Silee MSE las
» ol 6).:50)"5\.0‘ g}l.bc )l.j LS"Q stio ‘M
awlo 3lae Jb (20 Qsic gy » (O com>

1- Sum of Square Error

2- Mean of Square Error

3- Determination Coefficient


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

Y VWAY flins) 5 5mb 1A o )lads [ ez Jum]o}y Co e doliiogh
USBR ilies slo Jaw (bl (5,lel (sl yial b aoMs -) Jga
I oSle Ok Egoe R - S
s cluye b Slbpe s ol e s b a slaosls Jaw ali
(MSE)p, (MSE) (SSE) =
AV AV VAV - IYY - I8 VY- BNY eesls JS SIS e
s S
-/#4 -/#4 010 -I5% 7Y I 7RV SR/ Ju S B i
(e (2 72)
. -IYf YIAA AN -/Y- IOY oIV <=y
<INy V-IYA -10¥ T SR VI R VI >y
Y -\g YIof -/¥q SYA eIAe PN <=y
<IVA a/- N A 7SR V77 N >y
N AV OIY . -/F\ “/IF) <A YRy <=¥
-\Y YIvY - I¥0 AT VA R { >
/ / / / / VY f i
Ay AV oIvY - Jo- A A SRV LV A7) v 2 <=0
<IVA #l0e oIy SEY VPR YIVA >0
s </ Ve/a. -/F4 VA SR VIS SR 7in <=v
AR Vg -IYY A TV 4 S A v 2 >y
y AV AR -Ig A WA VAR SRR 7Y 2 <=\.
iis VA [-Y SIYO  VEA oY >,
I+ ¥ -/ ¥ “IFA AN SR8 VED MY leesls JS beatws Lawg ao
ng -\g VYO -IVE -Ig VYY 000 eesls JS Glabe
I+ ¥ -/ ¥ A SNy SO Y0 YA Wesls JS FENI
A VIOF -IYE SO NIBA YYD b
ofY -IFf -V JEY O VfO fiof obass;
AR slad
<IN -1 -IVY N YA 7 S /D) e
-/ YIEY 43 SIOY  -/AY ANY ot
-\ Y/-# -/F4 A YV 7AR A
¥ Sy Uy -FY AR SRR VI VN ¢ B 28 (sanadS
s YIOY - I8V R Y 7 N A 144 C
SI\Y fI5¥ NN Y VYT YA Mo
A0 = P sl
AV FIYA - I#A A 7SR VAR 27 S R FOWve Dyl



https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

Yy AVl Sow3lys Blae gary Hb 85915 58 (6 kel (ygum S, cilisie sl g, danlio

FAO alizes sl Joe (bl (g bol (gl ol by aods Y Jgur

I oSile Sl Esoxe

oz Solas oz Solas oz Solas R b 5 G
< < < . a de ol
> > > TS 0 slosls Joee
(MSE)m (MSE) (SSE)
-1+9 -[+9 #I0% Ve VY- \SIEY laosls S LS (90
=_|a>' 5
AY4 AY4 ARV LAV Y/ 0 YAy Jb _ :
(Kad (3 yi0)
1AS o[+ fIFA <IV¥ V¥ VY/f4 <=y
M ;|a>do
o[+A \/bF LANY \/#Y YIYA >y :
Aoy Aoy "3 NEL VEO \Y/EY laosls S loiss Loy o>
« /] « /] AN AR \VIYY O/ Y La:oabJS alale
o[eY </-Y <IYA <IYO Y0 YA ools 5 Yl
A AR <% \/IOA YIfY 354
“leA Y I8V VEO /oY yls;
IR Lo
VAR A% AR \/ISA \2I70 )L@
A4 AVEIA <IYA «[1aY VF/a¥ ot:.w.gl.'i
</ ¥ 17y « AR < [AA AR A
ARY4 </-Y YA LANY VOV YIV# B & EMmadNS
AY LAY < IvE — /YA YEAQN
b
NN Y- ¥/ .25 VVY 514 s olo '
il 5
oeF V/24 LY VY VOEY D e oo

Sy90 by 4 Sejlys Blee )b dnle sl
RUIWE VY I G LSV >
D oJse o ol ki w
bz Oluye ggome glel o sl
oolitnl e s 5 > Slujpe 2SSk
abhm>Me ¥V g ) Jolas o cdo b aS canl onds
o) & baius lawg v Juw a5 005
5 oo 4l 4 Cond sy Wulyo SIFAO
09z el Sloye5 5 USBR (s, sla o
copo g b Slupe wSle J8las sl
ol o Jdo ol aibe YU s
Blee Cow) 5 Ol @0 gleosly 5l b,
ol slaos B 1Y ed e (65 Sils

oy Akt gbads g

Voo el p gandds (o
sloasls als Lo 4y 4l Szt
s Slaye 2Ske Jla o i )b
Olnbe s S Sl YL eyl
o sl bid Slesbre ple 5 g o,
Syl mls iz o2 el ool &l ADIS
G LAYl Saejle Blee g, b
Ok @ sy, 5 ki oo
g alyy bwgie (28 Ol polls (g
5 USBR (sla g, eb (ailale bamgio oo
S o5 e 5 ¥ Jyr s FAO
39, L LYB 13 o] jo AVl Sawjlye


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

Yy WWAY e g 5mb 1A o leds oo b )...’>u—| 039> Cu i deliimghy

doles 005 o (B il Jow lgie Syalp slas Vb sl oo 0 5 eog jieS
Syge 4V Jeoz @b Jao ol oge) amin oo Geb i 08 09do o 5 eS

WSl e 25 D09y 99 5 yue ailjg, lawgle (28 by, ¥
i Syslye 1y a4Vl oejls Glee b S0
Qs =1242Q,,~ ) by o> Joo 3l By, (plple oS e

120
100

80
60 \
0]\

220 N\
2) M“AA R L o
./\\_ O T T T T IA 1
0 10 20 30 40 50 60 70
e

VB 158 o] —09, b ailsag, AVl Gaejlye b, pglas e Y JSi
Ms) b 20

ol oo @it sloisy 5 soleiiny sl Joe b aVle Glee gy Sl 3500 Y Joax

(e 50 &) ol (@9 Sledy oolol 2 AVl Blas g L

FAO USBR FAO USBR FAO USBR
AFOYYIA ARATA 7Y afaff/a YOYA-/N INAR AR \AERRY4 osls Js ST g
WA Al YERASY YYSAYON  FAVYee  AFFYE. YRAVEN )
(Ko (2 %42)

<=V
fY-YY/A YYVY-Y V-YYATN fAYZ-IY AYYYIY YA-#AIF v PRERNES

>
FYOYY/N #V4-0/7 V- AYYEIF YYOVY/A AYAY /Y AR A ools 5 baiws lawg o>
avYAYa/f YEYAY/- V- SADY/. \ZNARY 4 ayYvoa/y YEvov/f ools 5 alale
IACARRIA avefor YYVVAQ/Y \FAPYA/E YYYAAD/A a4a-97/7 osls Js Yl
AYYEIF AN ATArAY V< PYEAN FYQVA/- AYYSY/A yyavan osls Js ad
YO-YYN VEAVY/E YEVAL YFfa-./. YFFLA/S VFovyv/e A
YFaYe/- Yraav/a AOAY#/N fYoay/- YYOAY/A Yovarsy B & EMmadNS
VAYPSIY  VeVASle ASRYAN ANNFeN ASOYYA )-YYYS c
A0+ AY/F AARARYAY AARRRAVAY BAVYY/F arfY-IY FYAYV/Y Py e sleols
BO-AVIY YYOOOIY INAYEIA Yfvoa/. INaRZdld YYY¥fa/s oo s o g



https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

YY AVl Sow3lys Blae gary Hb 85915 58 (6 kel (ygum S, cilisie sl g, danlio

P cwlie Joo L 1) olpins sl Jos
el 0018 3 anslie 3,90 VB 1,8 olKiusl

Gl g, Jb polie
ol o gFAO oy, 4o a¥lw Suejlyo

§F Uy

Gty sl Jae
5 Do s Ly o> K e Ol @ by €9
L Yl alale > o0
AR - 10F A4 VYA BN «[AF A \VIYY «/va obyz eyl siie
INd Dids </AA Y/e- </aY Ve </a¥ Y/-Q < /AN alys, awgie o0
-/#4 [\Y4 <IN¥ NS INd <A - /FY AR <IN~ Slale Lawgie oo

Cpey 29 ol @ WVl (Sl
(I dIIS Joe o o Ll lens SIS
Oles e g ool &l Jou8 LB mls C Jow
S malin 5 a0 4 (5321435 |
S y9] Cawy

Alwd g0 4 beedls T 0 a8 Jow il
Wload pandi (Do e 9 (o sleale
2 ey JE Gl oS5 s e ol
Dot sleabe 4 cons Dl sleale
Pt sleale > o 1z wilge st
b S s Gl ede o Gl @0
O WS P TN C REPIRE
(s slale jo blie jo Ll .cuils waly>
Syt laalnl (haled oz oo Gl
g o5 0 wlo b as cuils wales o0 1)
oSl 90 gmy b 2500 0 (F) ol en
dwo gol 0je> Glaly g e (6 yeg,0ee
s Cbllan (255) S el S5

5 edel e 4 @l songes b

Olg s ()bl e ,S, Gl gla s,

4 0l e e B a4 anzl e b
e Beili gy 4 Blaie eComd (p ey
OrieS g 0o dilygy lawgie (20 g > G
b bsair Jus Gl b, 4 gl Ll
5T oS byt ppliy sl ailals Lasgie 0
O sae Luyds C/FY 3 Y/ qundd) oo
yslp S5 liee et 0 e ey
2 O GFAO () 4 eVl 3lae csm, b
ledllas s b a8 &5l GO o 4y o
GrFommy 3 M) Wy g (gemldllylye
o2 ol Callas a5 S ailbog, ol o)
e Gh9)) Joliie gy 5l eslitul iz
Ole gy dmiw (gomie 5 by el
T e I A ANURPt T
2 by Sole s a4 bl S e 090
wlig) Loy drmlne p (Sle g, L anslie
Sl g is 0,8
ol 45 wes e s AVl Jas gbs
o) cwlin Joo a0 SV pla 4 s Jo
el osls ez sl J o3 oK)


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

Yo

WWAY e g 5mb 1A o leds oo b ).ou] 039> Cu i deliimghy

& 3 xS mmer les SWS SIS gy gy dotiw  Jouie A5 8l 0
g abble hwgle o0 bu ailyy, lwgs ol o> g laie L o,lsen ooy yog0s

aolgs 8915 g |y AVl ol Blas b lools Sloj SS&5 5 385 (gomawdS ¢ oo

10.

11.

12.

Dgal Sy (2 09l p glas zalS a4 wilg

&L

Asselman, N.E.M. 2000. Fitting and interpretation of sediment rating curves.
Journal of Hydrology. 234. 234-248.

Balamurugan, G. 1989. The use of suspended sediment rating curves in Maaysa
some preliminary considerations. Pertanika, 12(3): 367-376.

Cigizoglu, K. 2003. Estimation and forecasting of daily suspended sediment data by
multi-layer perceptrons. Advances in Water Resources. 27: 185-195.

Heydarngad, M., S. Golmaei, A. Mosaedi and M.Z. Ahmadi. 2004. Optimized
sediment load estimation model (Case Study: inlet and outlet of Kargj Hydrometric
stations). Bulletin of Khazar Agricultural Sciences and Natural Resources. 2(6): 54-
67. (In Persian)

Horowitz, A.J. 2002. The use of rating (transport) curves to predict suspended
sediment concentration: a matter of temporal resolution. Turbidity and other
sediment surrogates Workshop. U.S. Geologica Survey. 3 pp.

Khozestan. Power and Water Organization. 2006. A review of phase one studies on
hydroelectric power plant. Sadat Hosseini of Izeh. Ministry of Energy. 250 pp.
(In Persian)

Mazandaran Regional Water Authority. 1985. Water resources development plan of
Talar, Babol and Haraz Rivers. Phase one. Hydrology Report. 3: 195 pp.
(In Persian)

Miraboulghasemi, M. and S. Morid. 1995. Investigation of hydrological method in
river suspended sediment load estimation. Journa of Water and Technology. 3(3):
54-67. (In Persian)

Mirzaei, M. 2002. Comparison of statistical method of suspended load estimation in
rivers (Case study: Gorganrood river). MSc Thesis. University of Tehran, 130 pp.
(In Persian)

Mosaedi, A., F. Hashemin Nagafi, M. Heydarngad, M. Nabizade and M.A.
Meshkati. 2009. Estimation of settling loads in Kargy and Dez Dam reservoirs.
Journal of Gorgan Agricultural Sciences and Natural Resources University, 16(2).
261-272. (In Persian)

Pedram, |. and G.A. Barani. 2007. Evaluation of suspended sediment in dams
reservoirs with separation of wet and dry periods (case study: Zayanderood dam),
Iran. 6™ Hydraulic Conference, Shahrekord University, 7 pp. (In Persian)

Phillips, J., B. Webb, D. Walling and G. Leeks. 1999. Estimating the suspended
sediment loads of rivers in the LOIS study area using infrequent samples.
Hydrological Processes, 13(7): 1035-1050.


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

\id AVl Sow3lys Blae gary Hb 85915 58 (6 kel (ygum S, cilisie sl g, danlio

13. Piri, A. 2003. Optimization of flow and sediment discharge relation in Moarref
Emame Basin. MSc Thesis, Sari Agricultural Sciences and Natural Resources
University. 120 pp. (In Persian)

14. Pour Aghniaei, M.J., M. Domiri Ganji, A. Yousef Pour and B. Ghermezcheshmeh.
2008. A review on estimation methods for suspended load (Case Study: Seydon
Basin). Iran-Water Resources Research, 3(3): 73-75. (In Persian)

15. Rostami, M. and A. Ardeshir. 2001. A suggestion method to improve suspended
sediment load estimation in rivers. 3" Conference on Hydraulic of Sediment. Tehran
University, 8 pp. (In Persian)

16. Youssefvand, F. 2004. Suggestion of a method for estimation of suspended load in
rivers (case study: Ghresoo river). MSc Thesis, Sari Agricultural Sciences and
Natural Resources University, 138 pp. (In Persian)


https://jwmr.sanru.ac.ir/article-1-314-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-18 ]

Journal of Watershed Management Research Val. 4, No. 8, Autumn and Winter 2013 .........cccovviiiieiniinieenericienessisrininnne seaeann 27

Comparison of Statistical Methods for Long-Term Suspended
Sediment Yield Estimation (Case Study: Babolrood River)

Eassa Kia® and Alireza Emadi?

1- MSc Student, Sari Agricultural Sciences and Natural Resources University
2- Assistant Professor, Sari Agricultural Sciences and Natural Resources University
(Corresponding author: emadia355@yahoo.com)
Received: December 10, 2011 Accepted: October 30, 2012

Abstract

In the present study, by classifying the flow rate and dividing the time series, some
statistical regression models are investigated and with the establishment of regression
relationship between observed flow rate versus sediment rate and simulate it according
to the least square error and USBR and FAO methods, the sediment rating curves are
presented with the its statistical analysis. Then, the most appropriate model is selected
according to statistical indexes viz. mean square error and determination coefficient.
Moreover, the value of long term suspended sediment yield are estimated by
combination of the proposed models and the type of flow rate such as flow integrated
curve, mean daily flow rate and mean monthly flow rate. In this case, the daily
measuring flow rate and sediment concentration for 23 years at Ghoran Taar
Hydrometric station located in Babolrood River is used. Finaly, the combined mid
classes model according to FAO method with mean daily flow rate have been
recommended as a suitable model.

Keywords: Long term suspended load, Sediment rating curve, Statistical model, Flow
integrated curve
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