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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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725 e 9 Sl olsid 1ol (Gades - UK

s, Whiskeytown,
s Lake

SHASTA
COUNTY

Discharge Station
(Trinity R A Hoopa CA)
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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

S Sho g Curle )0 gadge cpl S .cunl 034 Nishnabotna
Sl adg o5 45Kl 4 sl diigs bad > (SG9l58)90953
My 0 658 Jlr (23 9 Colune Sl o3 adg> 93 b dunlie )
8y Nas ol (BLS by 5 SUis Ao 0uldl 4 i b 5 o
Jde g s slaJue jl oolatwl 5 cusl oo Jad 4 ddes
2l (Mile HW s Jae o] 4t 45) WHW S5
Dby Jddas op Trinity asgs col od Jolis 1) (¢ pcamlio
5l slos a8 West Nishnabotna ases b awslis »» YL alS
(S5 ) Sl 5 )8 S5 bl (555l Slacns

ol 0dds Jolis 1y (600 guli 5 00> lis 245

w53ab Loguases) b (g lale Cllyy o sl o
sl a3 A8l o dbgryo (Sloj (5 pw ol sl Sl (a9l i
272 S QU dnandg 232 opdle &S (oo e 90
s Jols cyla 1y Sloj (6w drglinin aiMiad Lo guasts @iMiad
2 Cawl pasuie £ g 0 F & Jola o a5 jshatlen Ned (50
S ) e @l WHW2 o (Ul (Sloj (0 (53lo e
2o W9 E jlao dopd YO U g ol ot Jolis b Jio yolos &
S (Slalold asg) (rwcons dloye )3 1) Epeak jlne
ST oty Sage a1 oslil Yol aSTa sl sapisy
plos 85 )i > (wimen g Qllyy (Sloj (gpe dwldesi
b & s 1o 85 5 B 3 ely  Jols (sligs o
Slolsid asp ks By Ly Lb g cwl oas b
Jso bl .l 0dls ) ase cpl 5o (il Jdo B> iolj8l oy iy
Capms gy Gloj 50 Jto 285 G331 15 (35 55 WHWI
S aolidis Sho Jdody &Sl il il b s plo 4
Odg gl i Sl Oluge g 0955 g b by Slej
355 ) Sage Juis g nosls ol s Mas 5 488, s 3

ol 03l Cwd 3l (ol s Gy

(oliidg asslscSS g by Jao oyl (Situendgs Conle o 4 Ll
@) SidpledSopnm (Jad s 5 odomn laody Wilg o
Jas 5l &S el Lol ailed (giloJde Cronddy § pols ©jg0
(05 dwbido N> Cunlo 29 o odliiul &S (£39)5 O Sog0
bt S S iy C8ly 5 pasiis ) Jae 83 il g
JHo by gilose clp S5 55 Lo Sloj 5w wresily
Lasss s MATLAB Jli3lp 5 1 i 380 sloj gy il WHW
Seke apS plie 5 DA e Sage b Sage s
o 9 9800 s Ola gz (G )l 9 o w0 S
HW: Jao bawgs R jl8le s )3 oad a5 jlas )3 g0l 93 3o
S Jae 93 (298 0BT zea Lol (3o el 53 5 0ud Jao
J2e gl ksl .b] canas Slalxe Sloj (¢ ym b 395 oo zox
ol 05 b.))?] 5 Jsb » WHW?2 J..\n 9 A Js)& » WHW1
lo> Sloj s sl o)l 93 2 ulis 2980 odaliie oS pslailon
@l (Slj G ke N Jy il iSuculs,
WHW2 1o CUlay Sloj celag oo 5o bl sl oo y2s WHW2
odd Lod Jloj (g 4 Co (g3l Jae B> juty (il el
oS ol gl Sy Lo 5 SUls) lej las oo ACF &Slys o
WSl o a5 bB g dnlo VY plaie (slacgls (gl Lod Sloj (6w
Iy cosolio s wo 4igls S5 aMad gla s b (5w St Mos
§ dhpodd> (Sho CUly) Sloj gy ) Lol 35800 Jolis
& 2055 b Mos 5 4l lod (loj (0 1 a8 arglts S5 a33Mead
a2l 92 55 (6,50 logls «lly) (Sloj (gm0 cunle
S gmwp; plos U ol 5L s e & s asuio ACF

Do 48,8 Jlas 13 Oy, (il Jde 0 Soge Lu jl Jols

2 & ehilen (15 b Sl slagilv e zls awlis )
Oied g zols e ] Gasuie £ SS 55 95 50 Jolis
(loJse plo o s WHW2 o) b Jso 8> ialidl oy
West 4 Trinity «cloloid claasey Jols ey a

IFAY Lo o) o ylownd (o3, Jlur oyl ! O @l Coliyies
Volume 14, No. 1, Spring 2018 (IR-WRR)

Y



o 33 WHWL o Lol sl odpiis Sosge somimcomo A e s g 098 Stumpoddss (S iag eyl cilale glos loj (6 pus o
She e Sl wlors Jold |y sy ol Cllyy cdls & (g8 (Jad )13y a5 cdbioo o BB aygls S5 4Nl
dpglsin AMiad  Shs BMS 1) lod Jloj (g yw 4gls ST aMiad s |y (g caslio guls sudns ol 40 dalllas 3)50 (sla Jio olod
Ry J Bbas g Glugs oo pj 05 ao b (Gllyy,  aile) WHW2 Juo IS 35 Lol clons Jolis Cblgy Jloj (g 4
D930 o 3l o3k Cledbl Sloge gy Jold lade plo 4 Cuns |y 6t @l (Ulyy Sloj slags

21y Epeak jlizo duopd Ve U g E jlao doyd (55 U 5 Conl 00

Table 5- Results of WHW1 with mother wavelet db4 and decomposition level 4
Faiad polde g dbd 3l Sarge LWHWIL (g5le]e 1 Jols gl -0 Jgaa
The results of aggregation the computed approximation and details

. . Structure subseries
Time series Input Nash-Sutcliffe( E ) RMSE Eo

alpha beta gamma  Training  Verification  Training  Verification Verification

Approximation

E'I?/Z‘r’?ﬂﬁ';# subseries 0% 1! ! 0.65 0.64 13.04 14.02 0.71
Details subseries 0.91 0 1
R Approximation
T"’;:Jtzoif“’er subseries _ 0.9 0.9 ! 0.58 0.57 324228 3300.14 0.60
Details subseries 0.01 0.60 0.23
West Approximation 0.96 0.99 1
Nishnabotna subseries i i 0.48 0.47 720.90 730.69 0.49
River runoff Details subseries 0.02 0.40 0.33
Tabriz Approxirr_lation 097 1 1
minimum subseries ) 0.93 0.92 2.89 3.19 0.97

temperature Details subseries 0.01 0.07 0.19

Fig. 6- Observed versus computed series at verification phase, a) Lighvanchai, b) Trinity, ¢) West
Nishnabotna and d) Tabriz temperature
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