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2- Quadratic Nonlinearity

3- Threshold Nonlinearity

4- The Likelihood Ratio Test
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Table 1- Geographical characteristics of hydrometric stations of case study
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Figure 1- Location of upstream basin of Zarrineh Roud dam and hydro gauge stations
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Figure 2- Variation in daily mean and standard deviation of streamflow processes of case study
(The first day is corresponding to January, 1 and the latest day is corresponding to December, 31)
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Table 2- Statistical characteristics of daily streamflow time series of the case study stations
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Table 3- Results of stationary test for the standardized daily streamflow of the case study stations

ol s (o1 bs] (49051

ADF (4903 KPSS Wy (o] 3903
8y ),_,L; ADF test KPSS trend stationary test KPSS Ieveﬁ(;iﬁonarv test
Station  Lag(P) , (f sl o, Jlois] I o, Jlois] I
Statistic Jhial Statistic p-value Statistic p-value
shisd 17 -5.097 <0.01 0.294 <0.01 0.292 >0.1
Ghabghablou 52 -7.112 <0.01 0.112 >0.1 0.111 >0.1
e oy 17 -5.058 <0.01 0.235 <0.01 0.234 >0.1
Darepanbedan 52 -7.214 <0.01 0.089 >0.1 0.089 >0.1
s 17 -4.688 <0.01 0.277 <0.01 0.318 >0.1
Pol Gheshlagh 52 -7.113 <0.01 0.105 >0.1 0.120 >0.1
OL.'.-"" b 17 -5.133 <0.01 0.194 >0.01 0.208 >0.1
Pol Anian 52 -7.155 <0.01 0.074 >0.1 0.079 >0.1
A 17 -5.073 <0.01 0.350 <0.01 0.351 >0.05
Sonnateh 52 -6.991 <0.01 0.133 >0.05 0.134 >0.1
il 17 -5.310 <0.01 0.247 <0.01 0.267 >0.1
Safakhaneh 52 -6.773 <0.01 0.094 >0.1 0.102 >0.1

3L 10%~0.119 5%-~0.146

The critival values of the KPSS test for level stationary test are 1%~0.739, 5%~0.463, 10%~0.347 and for trend stationary test

are 1%~0.216, 5%~0.146, 10%~0.119
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2 Y5 adllas 350 dilate laolSial > 2 il L ials

) Gaios opl 0 1y KPSS g ol 90j] ol b

1- Mann-Kendall test
2- Spearman test
3-Sen’s T test
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Table 4- AR model fitted to the logarithmized and standardized daily streamflow of the case study stations

oS! Model parameters Logarithmic series Logarithmic and deseasonality series
Station Jue (s Sl )by (Log) (co ) s (LOG-DS)  hucad puf g (oois )N (5 pw
) 4SST ene 8755.43 1691.63
olas AlC
Ghabghablou (p) o 4y 19 o
Model order
ST e -11584.79 712.82
Ol 0 AIC
Darepanbedan (p) Jo 4550 19 .
Model order
) ST e -9105.11 242.56
olis AIC
Pol Gheshlagh (p) o 4y 19 16
Model order
p ST s -9669.09 724.60
ol AlC
Pol Anian (p) e 4 pe 20 20
Model order
ST e -11650.78 966.79
&l AIC
Sonnateh (p) o 4y 20 16
Model order
4SST ene -11821.73 1278.61
$Blaw AlC
Safakhaneh (p) o 4y 19 20
Model order
e e Bt slag 9o s

39y (2 Loy ym 00l CBUIAR (gla Jue (35

oS 358 oo el anlla 3y90 slaolSiug) 015 3,15kl 5 ety S
eyl Lnosilagdly (5 po 5 Ngb s ool ) s o Jas
o Ladae cpl ol b ecnlpl (1) o9 ainlgs s ud sl
$3) 2 BDS (il 5 ail oo canty 0xilondl (slas oo (sloodls
Log- 5 L0g slacsyw 2 BDS (gejl guls 23,5 oo Jlosl Ll
ol oab 031> L5 D Jou» > DS
= Gloj gLy BDS el o )bl imlis ol (olsl 2
2 6l 5 o Lad slaelSiu] o 5kl 5 oty 4ljs,
sy 50 lmolSin] (gl Lol 1ibl oo 413 stne U] pebaus
sl 0315 5 3 _stna |y BDS 505 ol ¢ sy )& ljgy o0
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(615l o] ¢33 ) LoolSKia] et w35y o5 sloes oo 5l
adlie I iz ol ot amd o0 (LIS (g2 (e Pl Bl I
(12) e 5 s 5 (30) o Kan 5 Sy lalllae b sollas >
13 SinsS log ol Ly Liosls 48 1ol L gl sl
S0z e s oSy Gloj el b Laosly L aslie

oy & 45 Keenan 4 BDS (sl el zolis (iso opl )
slaaslisg, alis) (3 Sloj Sy (g (Jadpd b (s
ol bz (15, 55 90 3l il o 29y )5 ddgs CaundYl
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1- Auto-Regressive
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Table 5- Results of BDS test for the logarithmized and standardized daily streamflow time series of the case study stations

(Log-DS) daad g g cois ;&

il ; (Log) _eoss ,\J
“f’ )‘5'.'” . .) Lodarithmic and desesonality
R Time series Lorathitmic (Log) (Log-DS)
Station (m) slef
Dimension 2 3 4 5 2 3 4 5
(m)
°)_L’°‘_ 1021 922 840  9.49 896 1008 1011  9.77
shis Statistic
Ghabghablou  Jl Jliée 4 500 5000 0000 0.000 0000 0000 0000 0.000
p-value
°)_L’°‘_ 0064 0102 0107 0.098 1317 1276 1174 10.76
Ol 0 Statistic
Darepanbedan  Jli>ljlde g4 0915 0014 0.921 0000 0000 0000 0.000
p-value
°)_L’°‘_ 1040 1009 1187 2913 848 1021 1053 1021
aMs Statistic
Pol Gheshlagh  Jl>l)lsde 098 0317 0234 0003 0000 0000 0000 0.000
p-value
) °)_L’°‘_ 0020 0136 0216 0224 650 830 924 927
ol Statistic
Pol Anian Juol g oe3 0801 0828 0822 0.000 0.00 0000 0.000
p-value
°)_L’°‘_ 0578 0580 0543 0506 1400 1523 1586 1571
Ao Statistic
Sonnateh Juol g o ees 0561 0586 0612 0.000 0.00 0000 0.000
p-value
°)_L’°‘_ 2325 2079 1863 1697 1239 1120 1084  10.46
Al lan Statistic
Safakhaneh JL"‘"'I)'*"" 0000 0000 0000 0.000 0000 0000 0000 0.000
p-value

2300 0/0001 51 1268 o)Ll p-value Jlsis a5 ol o) 0/000 I jobaio

0.000 value means that the p-value of statistics is less than 0.0001
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Table 6- Results of Keenan test for the logarithmized and standardized daily streamflow of the case study stations

RETW o o] kol (Log) oiy & (Log-DS) byt g (oo 8
Statior; Statistics Original Lorathitmic Lodarithmic and desesonality
series (Log) (Log-DS)
b).Lo‘. 96.34 7.87 157
s Statistic
Ghabghablou Jleas] Jlsde 0.000 0.005 0.208
p-value
oLl
e 303.90 21.36 0.497
oy 0y Statistic
Darepanbedan Jleis! jlaae 0.000 0.000 0.480
p-value
ool
- 19.84 12.26 0.281
s Statistic
Pol Gheshlagh Jleas] Jlsde 0.000 0.000 0.595
p-value
ool
] - 57.71 19.92 1.24
ol b Statistic
Pol Anian Jle>! Jlade 0.000 0.000 0.263
p-value
ool
- 103.09 2391 7.62
o Statistic
Sonnateh Jleis! jlade 0.000 0.000 0.005
p-value
")_L“_ 65.54 5.72 4.16
FHE I Statistic
Safakhaneh Jleas] Jlsde 0.000 0.016 0.041
p-value

Ol g 0,5 0gd odly i3l laedly 4 Wl 0 TAR Juo S &S
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Table 7- Results of TLRT test for the logarithmized and deseasonalized daily streamflow of the case study stations

it tao, ol ol s (Log) (oia)W (Log-DS) (b et g (oot )N
Statior; Statistics Original Lorathitmic Lodarithmic and desesonality
series (Log) (Log-DS)
b).ul. 177.15 39.90 16.62
ol Statistic
Ghabghablou Jleas] Jlsde 0.000 0.000 0.005
p-value
o]
o 207.45 43.47 10.87
oy 0y Statistic
Darepanbedan Jleis! jlaae 0.000 0.000 0.050
p-value
o]
- 92.78 32.94 8.40
s Statistic
Pol Gheshlagh Jleas] Jlsde 0.000 0.000 0.134
p-value
o]
] o 108.75 31.78 17.97
ol b Statistic
Pol Anian Jleas] Jlsde 0.000 0.000 0.003
p-value
o]
- 161.06 44.22 31.34
& Statistic
Sonnateh Jleis! lage 0.000 0.000 0.000
p-value
o]
o 58.31 13.26 19.98
FRESEN Statistic
Safakhaneh Jleas] Jlsde 0.000 0.000 0.001
p-value
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Introduction: Time series models are one of the most important tools for investigating and modeling
hydrological processes in order to solve problems related to water resources management. Many hydrological
time series shows nonstationary and nonlinear behaviors. One of the important hydrological modeling tasks is
determining the existence of nonstationarity and the way through which we can access the stationarity
accordingly. On the other hand, streamflow processes are usually considered as nonlinear mechanisms while in
many studies linear time series models are used to model streamflow time series. However, it is not clear what
kind of nonlinearity is acting underlying the streamflowprocesses and how intensive it is.

Materials and Methods: Streamflow time series of 6 hydro-gauge stations located in the upstream basin
rivers of ZarrinehRoud dam (located in the southern part of Urmia Lake basin) have been considered to
investigate stationarity and nonlinearity. All data series used here to startfrom January 1, 1997, and end on
December 31, 2011. In this study, stationarity is tested by ADF and KPSS tests and nonlinearity is tested by
BDS, Keenan and TLRT tests. The stationarity test is carried out with two methods. Thefirst one method is the
augmented Dickey-Fuller (ADF) unit root test first proposed by Dickey and Fuller (1979) and modified by Said
and Dickey (1984), which examinsthe presence of unit roots in time series.The second onemethod is KPSS test,
proposed by Kwiatkowski et al. (1992), which examinesthestationarity around a deterministic trend (trend
stationarity) and the stationarity around a fixed level (level stationarity). The BDS test (Brock et al., 1996) is a
nonparametric method for testing the serial independence and nonlinear structure in time series based on the
correlation integral of the series. The null hypothesis is the time series sample comes from an independent
identically distributed (i.i.d.) process. The alternative hypothesis arenot specified. Keenan test has also been
proposed for assessing the linearity or nonlinearitybehavior of a time series in time series analysis. Keenan
(1985) derived a test for nonlinearity analogous to Tukey’s degree of freedom for nonadditivity test. Keenan’s
test is motivated by approximation a nonlinear stationary time series by a second-order Volterra expansion.
While Keenan’s test for nonlinearity is designed for detecting quadratic nonlinearity, it may not be sensitive to
threshold nonlinearity. Here, we applied the likelihood ratio test (TLRT) with the threshold model as the specific
alternative. The null hypothesis of the TLRT approach for threshold nonlinearity is the fitted model to the series
is an AR (p) model, and the alternative hypothesis is the fitted model to the series is a threshold autoregressive
(TAR) model with autoregressive order p in each regime.

Results and Discussion: Because both the ADF and KPSS tests are based on linear regression, which has the
normal distribution assumption, logarithmization can convert exponential trend possibly present in the data intoa
linear trend. In the case of stationary analysis, the results showed the standardized daily streamflow time series
of all stations are significantly stationary. According to KPSS stationary test, the daily standardized streamflow
time series are stationary around a fixed level, but they are not stationary around a trend stationaryin low lag
values. Based on the BDS test, the results showed the daily streamflowseries have strong nonlinear structure, but
based on the Keenan test, it can be seen the linear structure in thembyusing logarithmization and
deseasonalization operators, and it means the coefficients of the double sum part are zero. It should be
considered the Keenan test is used to detect quadratic nonlinearity, and it cannot be adequatelyfor threshold
autoregressive models since they are linear in each regime.
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Conclusion: Streamflow processes of main rivers at 6 stations located in the southern partof Urmia Lake
basin were investigated for testingthenonstationarity and nonlinearity behaviors. In general, streamflowprocesses
have been considered as nonlinear behaviors. But, the type and intensity of nonlinearity have not been detected
at different time scale due to the existence of several evaluation tests. In this study, all daily streamflow series
appear to be significantly stationary and have the nonlinearity behavior. Therefore, to model the daily
streamflow time series, linear and nonlinear models can be used and their results can be evaluated.

Keywords: Hydrological processes, Nonlinearity tests, Stationary tests, Time series modeling, Urmia Lake



