%&{é&;‘;};ﬁ;ﬁ%
SB g ol cblis glayiag s &yl
1YR0 (ol 0 jlowd cfogun 9 Comny sl
http://jwsc.gau.ac.ir

ol 2 &9 BiwIw 9 GAR-ARCH g AR-ARCH i sl Juw b
(2250l 8T (! 99 34 55 495 350 590 axllne)

¥ - . A .« . Y s 3R s . .
SI9 B BL sans 9 (Suld () gaS ¢ Glaga al g Ll ouljpulas daid 5o
M:.A)J\‘ SLls ;uI s bge ajjf JL:.:.J‘)T ‘A.:AJ_)\ Sls auT e ajjf .L.ZJ‘L;-:L.&_)\S AJ;'-}ATV;J‘A‘

Lo o Sl ‘;jw.lﬁ@c)r}l; ajjf ‘;_j CLA SSSs 6_,>_=ﬁ..'v\>£ o g, Ll m_j smlige b))fjli)buﬂ‘r
RYJARVAN AN C'?_J\UéQi/'\/\i:C,é\iJzéJU

oS

Slaasr wr Slosy Jor 2 Oloj 4 Sl b Glagtonw 4 b Gladul 3 51 (ol 1dae 5 4il
Coale J a4 il Sy G il 4 s laair 4 ol Sl (e bapteew ) 5l ol
Ol st 5 st sladte oS5 Lty a3 e i JISCET SIS Lo 1 D3 a8
05 838 slaely 5l S Sl e sladde Sl eslaal ls Gl 1SS ssde slagsledde s
g Sl S ladde Sleslinad 53 sdas OIS I Sl S5 gdes laesls oo e 5 giluand
G i bl glaesls 0T cpl s ol oolas (glaesls W ogm (O3 s 0 slaesls o yiw
Loy o el e a3 Ol S5 a e s Sley slagg e et sladde 3 I8 s S il s Balas
s ladie 5l S Loy LS sl e Ko pl s wle s dewy 50 o & SR = WSL o sladae &l
s plnil Olal s Olgr L3 (g3daze Slalllae LOT 31 e i 0,0 b5, GOk > Lo 55 sew S, 51
Gladie 3,08 LUl e 5 SO glagsledte 55 GAR dube 5 ome (lass ool 5l Gis ol
Silwdde S35 15 e 0L o5 iledde 53 AR £ 3 J4 s GAR-ARCH AR-ARCH .4k
R P VR P PR

S Srosls (OS5 5 s Ol IS = ye) adsl G0 el Jav 5 lnl axdlas pl 3 il Sg, 5 3lge
S oslizad b e 1235 5 w3550 \YTONTA g lel 0,53 53 s an 5 wlbsg, eVl o3 b gte b
ol_<:m.i\ J}M 3> ks, Al AVl = Lo g0 GAR-ARCH , GAR (AR-ARCH (AR ladus
A gsledde Jiwd (gl

o Jed b adsl e 2550 soan ) A, 0L (o Sl e slaesls bl sy ol s el
C]a“ﬁ} WL olde 55 sy 3550 Slaesls &S sls 0L zb RO S e Bt GUP N LU RPN VR R '

Lge.l.i WD 6@05\) k:,.il.g..:)é JuJJ§ Jﬁtjﬁjueb\b Jm\j%&.ﬁ)wb&d .,\..:‘5) QJJu M)Jo QLMAJG\

j-behmanesh@urmia.ac.ir :43\$e J yee *

YA



1190 (1) )l dFF) dls S 5 f clis gla g}y s puls

& ery LGAR(]) 5 AR(1) sladde 5 <35 13 Lyl 350 GAR 5 AR o iacsS slade 3l sslizud
ol elile 3L Jles (g O e 3 anslie 5 ) p 3l dmy s 8 obsl 5 gladie Ol gew ST Slme
Lol 35 (ARCH) (bs lsls b s 3550 ot 2 sladie 1 eslinad U 5 ol sl adis
idls Jdo 55 plnil o ARCH el Jox 8 ladde b araens s LS 5 araans st Jde 55 il
4 313 QLS s ppay 5 Alagy VL s iledde 5l Jol> a5 45 S 1) 5 GAR-ARCH 5 AR-ARCH
-1y 53 Ao VY S ol 4 | iledae s o s AR-ARCH 3 GAR-ARCH a4l sladas
L e il CaS e Al o Ao s 00 5 e sl o ) olede glat Rl Al S e
Jde 53 gl Olye 5 C3s anslin 5 w5l Jeol> CL“’ Ly o S s el e ane SO b ladie
S e gy s abtag, 0L o3 siledde 5o L e mB GAR Juas a5 515 0Lis 50 GAR 3 AR

S  GFe Ss s 508 gl Jluis AR Jis & Sos GAR Je
05 Ay Ve o3 ladie 3550 3 1 e o sl BlE (il sladite S 515 OLES s i(g 8 ot
@b d= U e sladde b el 5udls 5 o o gladis Sl ealizal .S o Je 20 =l sbdb & o

s o il s o e 5 siledde S35 5 (6 p sl

s Je (LS (s o sladde (o sladie igudlS slaols

Jbe meslasl (s 5 S olal (YY) OLKas Aodlo

P bd ol b e S5 Cvo s L S 02 ml Gl e sadie S
Wl ilols 45 )03 el o Lo ph S 555 e 4iiS IS Sl glag e o sladie | T b
Ji Sl gleeyss o balex ol 5l ob S Some ARCH sl gl Lo & gladds .Llesls
B3y s ballat wye b b ol Ygens ol Gy 3550 Dl 5 slal Gl b Las e oo 5o
Vgore Jobo pir Sl k3 Ol s lallas L oS mle o5 Js Bl w5 a5 13
cleadle wl OY) 554 ekl ARCH' s sladds 508 Lla S 15 esliad 54
Bl geer o sladis Gl o 5 ol o Dl Sl G o Sl e e
f}?w ARCH laJus Byh e 03y B4 C)\ “ j“‘g“" -SL sladte €l L el )'L&j
S sy eny Ba I Sl e sl SWS odsl s Kb s eles A 55
L oslaoyss ) 0by al » Sloy slagduaas Jolos L3 s Sog1 et gladie IS Wsp
L (Kps e olen Olog O glao,ss b Ol Lol 3 o e wlbiay, slaol
L ks eple OQAY) IS Ol s e OLES Sl ol el D1l 5 Oler 3 (oodaie Dlalllas
L et sladis o)lys ldlie ois s 5 Klags laiasy o Ulgs oS
Sl bs, axwy 3,50 53 (ARCH) b & b5 YOAYC YTh) Oles 5 o5 5 bU (YY)

L (T18) 5,650,505 it (1T

1- Autoregressive Conditionally Heteroscedastic
(ARCH)

YAY



Ol o g ;L3N 0315 pwlis 4y

Jie 5l eslizad L (PVY) OLKan 5 S5Y
sl LARMA-GARCH b o ks
A adlaie 53 Coma glaolal glaosls 5,
sl plamil 1y abar DL 2oL (gsleand Wi
Giledde 5 Slaalis glaesls g3, 5505 L Lol
S 03 e VG Gl ) Jde al oL el
(YY) O 5 S s S S Laosls 3Ll
> BL-ARCH S5 sba Sl 5l sslazad L 50
dlo M) ey 1wl sl g ailay, 4l
O e Dae Sl sS iledde 5 St
sLE cladue S Ay e hia
sl o ool olllee 2l 5 aeas s
asn gl ol Gl el w8 K Syse o
SPase sbgsledds 5 GAR Jue G jxe
il gladae O
AR £ 3 o Jt s GAR-ARCH AR-ARCH

JJJA o

S8 Bboy

3yl cer 0L o slede s

Al e SSS s siledde

W sdg; 9 dlge
22 @Bl sssanyy wbtay, addlas 5,4 adle
Wl oks @3l g 20l Okl B S g
295 AV A AS Y Jsb Lol
Clakle 5 33 eals Oliw g Job oS ol Ol
o w4 el 5 bl e 1
2 aeiz e slaess Sl oss, Gl Al e
by O S ol Ol S Ol s Ol g
A ded 5 ool Ck“ o andles 350 didaie

e e OLLS | Laesls bl Slasia

YAY

e e s Soledle Glp fe s L
Sboslall cllas 5 0l b cwlie dolas
S bde g5 ol A6 st 28 2L
sladds 5550 53 6oL Sldllas 35,5 a0 (1440)
Ol S A3 S el (1440) I 5l a ARCH
s s o Opoll laiags @ Ol e ke
5 Fesl (T0) OLKas 5 0okl (144A)
s J o (048Y) LKl 5 e (Yo ) 0L
(1848) OLan 5 g S (084Y) O Kan
Rd s sl (Yert) SV 5 SULSS
Wb 048 (S (YY) O s K (1440)
Gl b gsledte s (0447) 5,8 5 (1447)
Iy HsSde Jde s Lol plas o5 35 o Ll il
(b ol gladae ) eslial s S Al
sl sladl Wl oo Sl js gl Sl i
Jbe oS5 5l (Yer0) oK 5 Kly 8
5 o-bls 35l sl GARCH Jas 5 ARMA
oslaal oy 53 5,5 altag, OL > 4l J._<JL~¢
e &S by Olis Olisl axdlae @L:.} L S
Silwdde 53 (s s zb ARMA-GARCH
2L A8 e all wlrsg,y 0L Ll e
S bl S ogladde s Sles (Y00Y)
S rlie )3 b ran O Olse i 53 1) Gl
350 Yool JIYee ) Jlo 5l Ll Sada 5 il
5 ARMA ladte Lol ..sls DB e
Shalie gleesls s, 3, » I, GARCH
b5 bl e bdde cpl oL 5 esls 551 5
Suotn @B s Ser e 03 W8S I
53,5 eslinl eSS sladde 1S el slglty



1190 (1) )l dFF) dls S 5 f clis gla g}y s puls

Bk Ay, AVl lawge 05 Sl (g, bl Olaseia -y Jyus

Table 1. Statistical properties of mean annual discharge of Zarineh-Rood River.
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Figure 1. Location of Case Study in Iran and West Azerbaijan.
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Figure 2. First data of mean annual time series of Zarineh-rood discharge in time period.
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Table 2. The initial results of time series without trend.
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Table 3. ARMA model’s Parameters.

S0 e @) (@) (@) ()

53.65 -0.043 0.070 -0.023 ARMA(3,0)
49.24 -0.028 ARMA(1,0)
51.31 0.071 -0.026 ARMA(2,0)
53.60 -0.607 0.053 -0.629 ARMA(2,1)
53.61 -0.053 -0.624 -0.650 ARMA(1,2)
56.12 0.087 -0.086 0.579 0.554 ARMA(1,3)
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Figure 3. The results of evaluation and validation of AR-ARCH model.
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Abstract

Background and Objectives: Many of processes related to water resources systems are non-linear
over time. Although certain aspects of these systems may be closer than other aspects of the linear
process. However, the nature of the non-linearity is not obvious for us. For this reason, it seems that
by combining linear and nonlinear models the hydrological modeling results could be increased.
Using time series models is one of the applied methods to simulate and predict the hydrological data.
One of the main problems in using time series models to modeling and predicting the hydrologic
data is a kind of generate random data series. In this process the generated data will be changed with
changing random series. Appling the Linear time series models in hydrology started since 4 past
decades and with Box-Genkins model were famous. Thomas and Firing are first persons that using
the time series model to modeling the discharge flow data. After they, some studies were done in
Iran and world. The aim goal of this study, introduce the GAR model in hydrology modeling and
also evaluation the AR-ARCH and GAR-ARCH and traditional AR model to modeling the river
flow discharge to increase the hydrological modeling accuracy.

Materials and Methods: In this study, firstly the time series of Zarineh-rood river flow discharge
were evaluated with initial tests (Mann - Kendall, Run Test and Wilcoxon) in period of 1955-2011.
Then using the AR, ARCH, GAR and GAR-ARCH to modeling the time series of Zarineh-rood
mean annual flow discharge in Sari Gamish station.

Results: The results showed that the evaluated data in annual scale and in 5 percentage confidence
level are without trend and the homogeneity and stationary of data were confirmed. Finally the data
that were evaluated with the initial tests were investigated with the AR (Autoregressive) and GAR
(Gamma Autoregressive) models and the AR(1) and GAR(1) models were selected as the best
models with attention to the AICC test’s results. After the comparing the mentioned (AR & GAR)
models, extracted the residual time series of these models and were fitted by ARCH (Autoregressive
Conditional Heteroscedastic) models. Then combined two autoregressive and gamma autoregressive
models, two AR-ARCH and GAR-ARCH models were obtained. The results of modeling the
discharge of Zarineh-rood river showed that with combined two GAR-ARCH and AR-ARCH
models, the model validation accurate was increased 12 percentage and 11 percentage in scale of
cubic meters per second respectively and the model errors were decreased about 40 and 50
percentages in scale of cubic meters per second respectively. The results of evaluation and
comparing the accuracy and amount error of two AR (Autoregressive) and GAR (Gamma
autoregressive) models showed that the GAR (Gamma autoregressive) model has better results in
modeling the Zarineh-rood flow discharge data. The GAR model has a lower error and upper
accuracy than AR model.

Conclusion: Also the results showed that the combined models have better results than traditional
models in modeling the peak flow discharge of Zarineh-rood River in comparing the AR
(Autoregressive) models. Using the nonlinear models and combine of these models with linear
models greatly increases the modeling and forecasting results.
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