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Abstract

Doubtlessly hydroclimatic models play important role in the
management of water resources. The hydroclimatic time series
have three principle components (autoregressive, seasonality
and stochastic) and the performance of the models are related
to these components, In the current research, the wavelet
transform was linked to the Holt-Winters (HW) model for
prediction of monthly runoff in Lighvanchai (Iran), Trinity,
and West Nishnabotna (US) watersheds and minimum
temperature of Tabriz. The obtained results were compared
with autoregressive and seasonal models such as ARIMA,
seasonal ARIMA (SARIMA) and HW. For this purpose, the
main time series were decomposed to some multi-frequency
time series by wavelet transform. Then due to the univariated
nature of the HW model, these subseries were imposed as input
data to the HW models for two scenarios. In the first scenario
only approximation subseries and one detail subseries
(resulting from the accumulation of all details subseries) and
in the second scenario all subseries were used as input to HW
models .Results showed that the second scenario of hybrid
wavelet-holtwinters  model (WHW2) could lead to
considerably increased accuracy of both runoff and
temperature monthly modeling because of the multiscale
analysis and considering all multi-frequency subseries.

Keywords: Monthly Minimum Temperature, Monthly
Runoff, Multiscale Analysis, Wavelet and Holt-Winters
Hybrid Model.
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Fig. 1- The schematic design of a) first scenario (WHW1) and b) second scenario (WHW?2)
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Table 1- Statistics of the observed monthly runoff time series
Sllg,y dlale Jloj s 6w (5 bl Claduive -Y Jouo

) Watershed
;relrr;li Statistical parameter Lighvanchai Trinity River West Nishnabotna River
calibration  verification  calibration  verification  calibration  verification

Mean 23.53 25.07 4454.33 3326.40 641.53 859.65

Maximum 161.46 113.00 28299.86 12895.78 5580.12 5105.81

Runoff Minimum 3.90 351 377.94 232.76 56.86 123.07
(m*/s) Standard deviation 23.62 23.93 5079.00 2932.42 657.64 829.08

Coefficient of Variation 101 0.95 114 088 103 0.96

(dimensionless)

Table 2- Statistics of Tabriz minimum temperature
F e 6le glod dineS’ 50313 g, lof Claseie Y Jou»

Tabriz minimum temperature

Time series Statistical parameter
Calibration Verification
Mean 1.50 2.02
Maximum 18.8 18.8
Temperature (°C) Minimum -21.6 -18
Standard deviation 9.9 10
Coefficient of Variation (dimensionless) 6.6 4.95
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Fig. 2- Lighvanchai watershed and Tabriz city
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Fig. 3- Map of Trinity River watershed
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Fig. 5- Monthly ACF of a) Lighvanchai, b) Trinity, ¢) West Nishnabotna and d) Tabriz temperature
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Table 3- Results of ARIMA and SARIMA models
SARIMA 9 ARIMA sl Juse bwgi (g5lwde 1 ol gl -V Jou

Nash-Sutcliffe( E ) RMSE* Epeak
Time series Model Structure
Training  Verification  Training  Verification  Verification
Lighvanchai River ~ SARIMA  SARIMA(20,0)(2,0,0)[12] 063 0.62 13.53 14.12 071
runoff ARIMA ARIMA(2,0,2) 0.61 06 14.44 14.49 071
SARIMA  SARIMA(1,0,0)(2, 0, 1)[12]  0.55 053 3500.24  3550.54 0.56
Trinity River runoff
ARIMA ARIMA(2,0,3) 051 0.50 363157 370221 053
West Nishnabotna ~ SARIMA  SARIMA(1,0,0)(1, 0,0)[12] 045 043 750.49 780.69 0.46
River runoff ARIMA ARIMA(1,0,0) 0.43 0.41 78060  807.74 0.44
Tabriz minimum SARIMA  SARIMA(4,0,1)(10,1)[12] 091 0.9 3.07 3.09 0.92
temperature ARIMA ARIMA(4,0,1) 0.9 0.89 3.02 3.25 0.88
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Table 4- Results of HW model
(HW) ol g5l 5 Jools gl -F Joa

. ) Structure Nash-Sutcliffe( E ) RMSE Epeak
Time series Model _
Alph ~ beta  gamma  Training  Verification ~ Training  Verification ~ Verification
L'gh"ri'pforﬁ' RIVEr  \olt-winters 091 00 1.00 0.64 0.63 13.48 14.05 071
T”:L'%E"’er Holt-Winters 023 0.0 0.21 0.56 0.55 344024 350054 057
WestNishnabotna 1 \winers 032 00 0.16 0.47 0.46 730.79 748.69 0.47
River runoff
Tabriz minimum Holt-Winters 011 0.0 0.15 0.92 0.91 2.90 2.96 0.95
temperature
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Table 5- Results of WHW1 with mother wavelet db4 and decomposition level 4
¥ 4559 whio 9dbd e Sag90 LWHWIL (g5lw]se 1 Jeols gl -0 Jous

T

he results of aggregation the computed approximation and details

Structure subseries
Time series Input Nash-Sutcliffe( E ) RMSE Epeak
alpha beta gamma  Training  Verification  Training  Verification Verification
Approximation
i i . 0.95 1 1
Cnvancha subseries 0.65 0.64 13.04 14,02 0.71
Details subseries 0.91 0 1
R Approximation
T”’;:thoif“’er subseries 0.9 0.9 ! 0.58 0.57 324228 330014 0.60
Details subseries 0.01 0.60 0.23
West Approximation 0.96 0.99 1
Nishnabotna subseries 0.48 0.47 720.90 730.69 0.49
River runoff Details subseries 0.02 0.40 0.33
Tabriz Approximation 097 1 1
minimum subseries ) 0.93 0.92 2.89 3.19 0.97
temperature Details subseries 0.01 0.07 0.19

Runoff(cms)

Runoff(cms)

Time(months)

Runoff(cms)

°)

Temperature(

Time(months)

Fig. 6- Observed versus computed series at verification phase, a) Lighvanchai, b) Trinity, ¢) West
Nishnabotna and d) Tabriz temperature
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Table 6- Results of WHW?2 with mother wavelet db4 and decomposition level 4
¥ a0 whio gdbd b K90 LWHW2 Jao bawgi g3l 5l Jols il -5 Joas

The results of aggregation the computed approximation and details

_ _ Structure subseries
Time series Input Nash-Sutcliffe( E ) RMSE Epeak
alpha beta gamma  Training  Verification  Training  Verification  Verification
Approxm_]atlon 0.95 1 1
subseries
: : Detail subserie 1 0 0 0.16
Lighvanchai
River runoff Detail subserie 2 0 0 0.17 0.77 0.76 1164 1 08
Detail subserie 3 0.87 0 1
Detail subserie 4 0.89 0.01 1
Approxm_]atlon 0.98 0.99 1
subseries
. - Detail 69ubseries 1 0.00 0.01 0.15
Trinity River
rur),/oﬁ Detail 69ubseries 2 0.00 000 0.8 0.65 063 2428.54 2513.23 0.66
Detail 69ubseries 3 0.85 0.00 1
Detail 69ubseries 4 0.98 0.92 1
Approxm_]atlon 0.96 0.99 1
subseries
Nierr\::;totna Detail subserie 1 002 003 025 0.53 0.52 620.93 638.34 0.54
River runoff Detail subserie 2 0.00 0.01 0.23 ' ' ' ' '
Detail subserie 3 0.77 0.00 1
Detail subserie 4 0.95 0.94 1
Approxm_latlon 0.97 1 1
. subseries
Tabriz Detail subserie 1 0 066 023 . ”a , ,
minimUM " Detail subserie 2 0 079 0.16 0.95 0.9 : 86 0.9
P Detail subserie 3 0.91 0 1
Detail subserie 4 1 0 0.04
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