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1- Threshold Auto-Regressive

2- Self-Existing Threshold Auto-Regressive

3- Smooth Transition Auto-Regressive

4- Logistic Smooth Transition Auto-Regressive

5- Exponential Smooth Transition Auto-Regressive
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Table 1- Properties of hydro gauge stations of the study area
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3- Minimum Akaike Information Criterion (MAIC)
4- Auto-Correlation Function
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1- Self-Exciting
2- Profile log-likelihood function
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S o o gl 5 b

"o (slls Sl -
AME = max(‘Qi -G))
5 CE3kes —

3- Dimensionless metrics
4- Absolute Maximum Error
5- Peak Difference
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1- Metrics for calculating absolute error
2- Metrics for calculating relative error
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6- Quantile-Quantile plot

7- Deseasonalized ARMA model

8- Partial Auto Correlation Function
9- Lag time
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1- Mean Absolute Error

2- Root Mean Square Error

3- Relative Absolute Error

4- Coefficient of Determination
5- Index of Agreement
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Table 2- Statistical characteristics of daily streamflow time series of the case study stations
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JFigure 2- Variation in daily mean and standard deviation of streamflow processes at Ghabghablou station for a period of 15
years (1997-2011) (The first day is corresponding to January, 1 and the latest day is corresponding to December, 31)

1- Akaike Information Criterion
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Figure 4- Q-Q plot of daily streamflow data of Ghabghablou hydro gauge station (a) before standardization (right figure) and
(b) after standardization (left figure) for 1997-2011 period
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Table 3- Results of different models of fitted ARMA to standardized daily streamflow time series of Ghabghablou station
for 1997-2009 period

ARMA(p,q) Model(5,0) Model(5,1) Model(5,2) Model(5,3)
(p.q)b,! (5:0)Jse (B (52)Jw  (53)Jse
AIC
ST o 3013.03 3006.95 3007.93 3007.64
SSR
oo lesdly Clar o g gme 522.59 521.70 521.60 521.33
RMSE
s oy e Silie 4 0.3318 0.3315 0.3315 0.3315

Sild ol ] 4iljg, (25 (Sloj B 5 w4 a8l i3l ARMA(S,1) Jio Sladuiv —£ Joio
Table 4- Properties of fitted ARMA (5,1) model to daily streamflow time series of Ghabghablou station

ol po oo ydle 3,15l glas z o903l oyl Jlaks! Hlado
Coecfficients Estimated values Standard error Test statistic z p-value
¢1 1.458 0.114 12.78 0.000
¢2 -0.539 0.096 -5.61 0.000
¢3 0.136 0.026 5.12 0.000
¢4 -0.130 0.027 -4.82 0.000
¢5 0.060 0.016 3.64 0.000

91 -0.636 0.114 -5.58 0.000
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Figure 6- (a) p-value of Ljung-Box test (right figure) and (b) AFC of residuals of ARMA(5,1) model (left figure) for daily
streamflow time series of Ghabghablou station
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Table 5- Results of fitted ARMA models to daily streamflow time series of study area

olumn! Jae gy &7 Lo
Station Model type AIC
gl ARMAG,1)  3006.95
Ghabghablou
obaxer  ARMA27,0)  1765.89
Darepanbedan
UL ARMABL) 121404
Pol Gheshlagh
M ARMAGI32) 8372
Pol Anian
it ARMA(16,0)  1196.32
Sonnateh
“Blc  ARMA®G2) 162939
Safakhaneh
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1- Critical level
2- Water storage in the soil
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Table 6- Properties of fitted SETAR(2;4,5) two-regime model to daily streamflow time series of Ghabghablou station

d=1 :(Lag time parameter) ,3 |, SETAR(2;4,5) :(Model) Jo
(0.20 m*/s) -1.132 :(Estimated threshold) s.s 3,51, 4t
AIC (2557 jlxe) = 2308; RMSE(Is 5,0 (ko auis,) = 0.317; SSR(laosslasdly by yo gg0me) = 475.54

LT3 Hb o255
Upper regime Lower regime
- JEEIER) sbks 8,bl , o BRI LT sbks 8,bl ’ o
e ;'0 (oSI 3, lastuw! t o905 Jlois ! ey 3l b t o905 Jlis!
Coefficients  pstimated  Standard Test Estimated  Standard Test
. p-value e p-value
values error statistic t values error statistic t
a, -0.0013 0.0047 -0.285 0.775 -0.452 0.0909 -4.972 0.000
a, 0.9631 0.0146 65.77 0.000 0.2223 0.0516 4.304 0.000
a, -0.0934 0.018 -5.188 0.000 0.0533 0.0773 0.689 0.490
a, 0.0778 0.0175 4.438 0.000 0.5401 0.0842 6.417 0.000
a, -0.031 0.0178 -1.741 0.081 -0.1258 0.0598 -2.102 0.036
o 0.0512 0.0134 3.832 0.000 -- -- -- --
¥V Clanlin dlass FYF Slaalis dlass

Number of observations is 4266

Number of observations is 474
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Figure 7- (a) p-value of Ljung-Box test (right figure) and (b) ACF of residuals of SETAR (2;,4,5) two-regime model (left
figure) for daily streamflow time series of Ghabghablou station

B ol ailjg, (23 (Sloj (5w 4 &8l i3l SETAR(3;5,1,3) (o0, ¥ Je Oladedin -V Joia
Table 6- Properties of fitted SETAR(3;5,1,3) three-regime model to daily streamflow time series of Ghabghablou station
= 1:(Lag time parameters) 55 ,wl,L SETAR(3;5,1,3) :(Model) Js»
(0.02 m*/s) 0.8581 4 (1.45 m*/s) -0.8761 :(Estimated thresholds) o1 3,5, (slaastea]
AIC(aST jlxo) = -10640; RMSE(las ilayyo 5Sike aisy) = 0.325; SSR(nosslassl cilay po £g05xa) = 501.02

Yl o) Sl 23 b )
Upper regime Middle regime Lower regime
. . " Lol " " :
sl o] . sl % I.ke sl o] .
ol ﬂ S ) 8 e ﬂ Si t ool ; - ﬂ S5 ’ R s
Coefficients  Etimated Test Estimated o p- Estimated Test
. p-value statistic e p-value
values statistic t values ¢ value values statistic t
a, 0.1983 6.154 0.000 0.0019 0.319 0.749 -0.1465 -3.741 0.000
a, 0.6258 22.802 0.000 0.9688 89.92 0.000 0.7458 26.704 0.000
a, 0.1121 3.084 0.000 - -- -- -0.2117 -6.484 0.000
a, 0.0775 3.6741 0.000 -- -- -- 0.4783 9.748 0.000
a, -- -- -- -- -- -- -0.3328 -6.187 0.000
O -- -- -- -- -- -- 0.1740 4.720 0.000
VoVe Slsalin sl YASS Slsaline i A¥ Slaalie slass

Number of observations is 1070 Number of observation is 2866 Number of observation is 804
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Figure 8- (a) p-value of Ljung-Box test (right figure) and (b) ACF of residuals of SETAR(3;5,1,3) three-regime model (left
figure) for daily streamflow time series of Ghabghablou station
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Table 8- Results of fitted SETAR two-regime models to daily streamflow time series of study area

ol Je g4 230 ob; wbul Hlado a1 Slro
Station Model type d T AIC
o SETAR(2:4,5) 1 (0.20 m3/s) -1.132 2308
Ghabghablou
Ol 02 . 3
SETAR(2;4,10) 7 (0.40 m/s) -0.2487 1358
Darepanbedan
S8 SETAR(2:4,8) 1 (L.7 m3/s) -0.6929 928
Pol Gheshlagh
okl JA SETAR(2:2,10) 1 (10 m’/s) -1.211 -287.2
Pol Anian
it SETAR(2:4,15) 3 (0.01 m*/s)-0.9527 999
Sonnateh
“Ble  SETAR(2:4.8) 6 (2.5 m¥s)-0.276 1166
Safakhaneh
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Table 9- Results of fitted SETAR three-regime models to daily streamflow time series of study area

WY Jie g9 230 ok Y ailiwl e Y sbl jlade 4S5BT o
Station Model type d T T AIC
g SETAR(3:5,1,3) 1 (1.45 m’/s)-0.8761  (0.02 m’/s)0.8581  -10640
Ghabghablou
cbexer  SETARG2,1.8) 3 (1.1 m*s)-0.9301  (0.90 m¥s)-0.2848  -11779
Darepanbedan
G & SETAR(3;2,3.,8) 7 (1.7m%s)-0.6733  (0.55m’/s)-0.4921  -12396
Pol Gheshlagh
ok SETAR(3:4,1,8) 1 (29 m’s)-02157  (7m/s)0.1819 -13641
Pol Anian
e SETAR(3;3,3,15) 1 (1.9 m*/s)-2.0806  (0.01 m*/5)-0.9629  -12436
Sonnateh
wlao SETAR(3;2,3,4) 2 (1.9 m’/5)-0.9979 (1.1 m%/s)0.5971 -11907

Safakhaneh
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Table 10- Evaluation criteria of fitted models to daily streamflow time series of the study area for calibration and validation

periods
) Foily P S
Ly NEYS Calibration Validation
Station Model RMSE 5 RMSE )
(m%/s) R (m%s) R
ARMA 6.153 0.841 4.743 0.845
ki3 SETAR(2) 6.115 0.843 4.586 0.855
Ghabghablou
SETAR(3) 6.172 0.84 4.727 0.848
ARMA 5.415 0.86 4.422 0.834
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Figure 9- Scatter plot of observed against estimated streamflow for ARMA model (a) for calibration period (right figure)
and (b) for validation period (left figure) for Ghabghablou station
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Figure 10- Scatter plot of observed against estimated streamflow for two-regime SETAR model (a) for calibration period
(right figure) and (b) for validation period (left figure) for Ghabghablou station
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Figure 11- Scatter plot of observed against estimated streamflow for three-regime SETAR model (a) for calibration period
(right figure) and (b) for validation period (left figure) for Ghabghablou station
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Figure 12- Observed and estimated daily streamflow for validation period (2010, 2011) at Ghabghablou station using
(a)- ARMA, (b)- SETAR(2) and (c¢)-SETAR(3) models
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Table 11- Evaluation criteria of fitted models to daily streamflow time series of the study area
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(Case Study: Upstream Basin Rivers of Zarrineh Roud Dam)
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Introduction: Time series models are generally categorized as a data-driven method or mathematically-
based method. These models are known as one of the most important tools in modeling and forecasting of
hydrological processes, which are used to design and scientific management of water resources projects. On the
other hand, a better understanding of the river flow process is vital for appropriate streamflow modeling and
forecasting. One of the main concerns of hydrological time series modeling is whether the hydrologic variable is
governed by the linear or nonlinear models through time. Although the linear time series models have been
widely applied in hydrology research, there has been some recent increasing interest in the application of
nonlinear time series approaches. The threshold autoregressive (TAR) method is frequently applied in modeling
the mean (first order moment) of financial and economic time series. Thise type of the model has not received
considerable attention yet from the hydrological community. The main purposes of this paper are to analyze and
to discuss stochastic modeling of daily river flow time series of the study area using linear (such as ARMA:
autoregressive integrated moving average) and non-linear (such as two- and three- regime TAR) models.

Material and Methods: The study area has constituted itself of four sub-basins namely, Saghez Chai,
Jighato Chai, Khorkhoreh Chai and Sarogh Chai from west to east, respectively, which discharge water into the
Zarrineh Roud dam reservoir. River flow time series of 6 hydro-gauge stations located on upstream basin rivers
of Zarrineh Roud dam (located in the southern part of Urmia Lake basin) were considered to model purposes. All
the data series used here to start from January 1, 1997, and ends until December 31, 2011. In this study, the daily
river flow data from January 01 1997 to December 31 2009 (13 years) were chosen for calibration and data for
January 01 2010 to December 31 2011 (2 years) were chosen for validation, subjectively. As data have seasonal
cycles, statistical indices (such as mean and standard deviation) of daily discharge were estimated using Fourier
series. Then ARMA and two- and three-regime SETAR models applied to the standardized daily river flow time
series. Some performance criteria were used to evaluate the models accuracy. In other words, in this paper, linear
and non-linear models such as ARMA and two- and three-regime SETAR models were fitted to observed river
flows. The parameters associated to the models, e.g. the threshold value for the SETAR model was estimated.
Finally, the fitted linear and non-linear models were selected using the Akaike Information Criterion (AIC), Root
Mean Square (RMSE) and Sum of Squared Residuals (SSR) criteria. In order to check the adequacy of the fitted
models the Ljung-Box test was used.

Results and Discussion: To a certain degree the result of the river flow data of study area indicates that the
threshold models may be appropriate for modeling and forecasting the streamflows of rivers located in the
upstream part of Zarrineh Roud dam. According to the obtained evaluation criteria of fitted models, it can be
concluded the performance of two- and three- regime SETAR models are slightly better than the ARMA model
in all selected stations. As well as, modeling and comparison of SETAR models showed that the three-regime
SETAR model have evaluation criteria better than two-regime SETAR model in all stations except Ghabghablou
station.

Conclusion: In the present study, we attempted to model daily streamflows of Zarrineh Rood Basin Rivers

located in the south of Urmia Lake by applying ARMA and two- and three-regime SETAR models. This is
mainly because very few efforts and rather less attention have been paid to this non-linear approach in hydrology
and water resources engineering generally.

Therefore, two types of data-driven models were used for modeling and forecasting daily streamflow: (i)
deseasonalized ARMA-type model, and (ii) Threshold Autoregressive model, including Self-Existing TAR
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(SETAR) model. Each ARMA and SETAR models were fitted to daily streamflow time series of the rivers
located in the study area. In general, it can be concluded that the overall performance of SETAR model is
slightly better than ARMA model. Furthermore, SETAR model is very similar AR model, therefor, it can be
easily used in water resources engineering field. On the other hand, due to apply these non-linear models, the
number of estimated parameters in comparison with linear models has decreased.

Keywords: Forecasting, Urmia Lake, Hydrological processes, Two- and three-regime models, Evaluation
criteria



