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A Study on the Predictive Power Improvement of Time Series Model with
Empirical Mode Decomposition Method
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Abstract

The analysis of hydrologic time series data is crucial for the effective management of water resources.
Therefore, it has been widely used for the long-term forecasting of hydrologic variables. In tradition, time
series analysis has been used to predict a time series without considering exogenous variables. However,
many studies using decomposition have been widely carried out with the assumption that one data series
could be mixed with several frequent factors. In this study, the empirical mode decomposition method was
performed for decomposing a hydrologic time series data into several components, and each component was
applied to the time series models, autoregressive moving average (ARMA). After constructing the time
series models, the forecasting values are added to compare the results with traditional time series model.
Finally, the forecasted estimates from ARMA model with empirical mode decomposition method showed
better performance than sole traditional ARMA model indicated from comparing the root mean square errors
of the two methods.

Keywords : empirical mode decomposition, intrinsic mode function, sifting algorithm, time series analysis,
autoregressive moving average (ARMA) model, dam inflow forecasting
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7} A<pol] SRz AICRRS Table 20 UbEbiIL) 81 AR =gese] 44 Fu7t gews 247 e o
@A AU AAEE AAE RYPo R FEe A9 H o] AAE Bdo] AT sk He] ks 3 &
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Table 2. AIC Values of Hwacheon Dam
PN 1 2 3 4 5 6 7 8 9 10
1 507.12 | 510.29 | 506.81 | 494.56 | 494.32 | 492,77 | 49520 | 497.78 | 497.83 | 496.30
Rawdata 2 51050 | 503.94 | 496.99 | 488.78 | 491.07 | 495.88 | 494.78 | 493.15 | 497.79 | 486.59
3 504.31 | 49496 | 490.83 | 49752 | 493.96 | 496.72 | 500.07 | 485.70 | 488.89 | 491.18
4 505.80 | 503.75 | 505.81 | 496.96 | 507.70 | 499.64 | 490.20 | 493.22 | 494.42 | 495.61
1 48524 | 468.10 | 470.96 | 47455 | 46898 | 469.72 | 472.83 | 461.66 | 471.71 | 474.65
MF, 2 47322 | 47518 | 477.00 | 47147 | 46759 | 47499 | 46253 | 471.63 | 466.80 | 467.85
3 47510 | 477.09 | 479.03 | 466.36 | 463.62 | 466.03 | 465.01 | 461.44 | 464.92 | 462.70
4 47750 | 461.49 | 46542 | 471.04 | 467.74 | 465.64 | 466.80 | 465.25 | 463.62 | 470.52
1 431.41 | 41546 | 41331 | 409.90 | 400.30 | 391.11 | 388.71 | 391.92 | 386.01 | 395.19
IMF, 2 394.99 | 39357 | 385.73 | 384.82 | 380.03 | 380.33 | 386.81 | 384.31 | 381.37 | 379.36
3 394.03 | 393.09 | 386.89 | 383.31 | 395.19 | 38251 | 396.65 | 380.03 | 379.84 | 380.96
1 387.83 | 376.84 | 37567 | 37520 | 365.85 | 361.89 | 359.62 | 358.14 | 374.08 | 368.00
2 365.24 | 360.86 | 358.87 | 356.74 | 356.08 | 343.18 | 350.04 | 357.75 | 348.68 | 358.94
F, 3 357.65 | 356.38 | 356.83 | 347.28 | 341.68 | 346.54 | 344.83 | 343.40 | 34251 | 355.26
’ 4 359.66 | 357.97 | 359.16 | 349.14 | 34521 | 345.13 | 344.25 | 356.03 | 35155 | 360.87
5 360.60 | 356.11 | 35894 | 35327 | 34694 | 34884 | 351.97 | 349.19 | 350.97 | 348.61
6 35853 | 359.26 | 360.17 | 364.02 | 362.78 | 347.95 | 349.18 | 344.34 | 356.05 | 350.72
1 333.81 | 314.63 | 302.71 | 294.60 | 293.66 | 285.98 | 286.17 | 291.15 | 294.21 | 300.56
2 331.36 | 314.78 | 30361 | 296.37 | 29571 | 287.75 | 28859 | 29298 | 298.26 | 302.49
i, 3 268.99 | 263.39 | 264.14 | 25376 | 248.44 | 24229 | 24848 | 24238 | 244.84 | 24535
4 26698 | 257.81 | 256.32 | 259.47 | 251.38 | 238.19 | 23850 | 240.83 | 245.35 | 246.20
5 256.56 | 246.44 | 245.06 | 247.08 | 24746 | 233.67 | 236.46 | 24468 | 243.09 | 253.06
6 20917 | 246.71 | 247.16 | 251.72 | 253.12 | 243.83 | 24545 | 244.05 | 251.07 | 251.77
1 308.63 | 289.76 | 27815 | 27058 | 264.76 | 25835 | 255.14 | 249.88 | 249.42 | 246.27
2 31040 | 291.91 | 280.06 | 27217 | 26541 | 257.45 | 25299 | 24563 | 246.32 | 248.12
MF, 3 21499 | 197.88 | 187.84 | 17884 | 17825 | 177.65 | 167.62 | 179.61 174.80 | 186.42
4 200.36 | 186.13 | 180.94 | 177.02 | 174.86 | 17563 | 16445 | 163.21 | 172.24 | 17891
5 19179 | 17843 | 171.66 | 17051 | 167.05 | 16912 | 15719 | 164.73 | 163.73 | 191.60
6 17767 | 15952 | 151.92 | 14843 | 149.22 | 150.37 | 150.59 | 155.84 | 155.81 | 156.45
1 144.04 | 13053 | 12619 | 141.37 | 12826 | 13190 | 144.83 | 150.58 | 157.01 | 134.83
2 14211 | 131.68 | 12754 | 14521 | 141.38 | 158.88 | 146.69 | 167.47 | 188.88 | 179.46
Residue | 3 66.14 | 141.86 76.31 | 156.60 0.30 | 14248 | 224.49 | 503.89 | 21659 | 172.25
4 | -142.84 1279 | -17.89 | -71.95 | 11856 | 129.86 | 152.18 | 140.56 | 18751 | 211.86
5 340.36 | -65.59 | -203.83 63.12 7839 | -16.33 | 16567 | 123.46 | 185.29 | 216.39
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Table 3. ARMA Model of Annual Inflow Time Series and Intrinsic Mode Functions Decomposed by Empirical
Mode Decomposition in Hwacheon Dam

Component | ARMA(p,q) Model
y, =—0.0941y, | +0.0639y, ,+0.9599y, ;+¢& —0.0095¢, _; —0.4169¢, ,
Rawdata ARMA(3,8) —0.8527¢, 3 —0.0067¢, _, +0.1726¢, . —0.9538¢, _,—0.1361¢, ,
+0.1936¢, ¢
y, =—0.2927y, | —0.2075y, _, +0.4970y, _;+¢& —0.2789¢,_; —0.0257¢, _,
IMF1 ARMA(3,8) —0.5973¢, 5 —0.7544¢, , +0.5492¢, ;—0.4111e, ;—0.6955¢, ,
+0.2014¢, ¢

y, =+0.5989y, _, —0.7010y, _, +& — 0.5335¢,_, —0.9999¢, _, —0.2899¢, _,
IMF2 ARMA(2,10) +0.9306¢, _, —0.4175¢, _ —0.5439¢, _ —0.3291¢, - +0.3606z, 4
+0.8343¢,_, — 0.4988¢,_,,

y, =+0.9999y, | +0.1600y, _, —0.6726y, ,+, +0.9999¢, , —0.3882¢, ,

IME3 ARMA(35) —0.9999¢, _, —0.9998¢,_, —0.9999¢, .

y, =+0.9999y, | +0.9155y,_, —0.7521y, _, —0.6719y,_, +0.3499y,
IMF4 ARMA(5,6) +e,+0.9756¢, | +0.9999¢, , +0.5412¢, , —0.4983¢, , —0.9999%, .
—0.8339¢, _,

y, =+0.9999y, | +0.9999y, _, —0.2489y, , —0.7745y, ,—0.8131y, ,

IMIS ARMA(64) +0.8242y, ¢+, +0.9999¢, _, +0.9995¢, _, +0.9979¢, _, +0.5206¢,_,

Residue | ARMA(4,1) y, =+0.7175y,_, +0.7854y, _, +0.285Ty,_, —0.7886y, _, +&, +0.8178¢,_,
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Fig. 4. Forecasting Results of Traditional ARMA(3,8) Model and ARMA with EMD Model in Hwacheon Dam
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Fig. 5. PACF and ACF of Decomposed Component of Soyanggang Dam
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Table 4. AIC Values of Soyanggang Dam

! 2 3 4 5 6 7 8 9 10

1 | 40962 | 406.03 | 40258 | 400.60 | 407.09 | 40857 | 408.18 | 41424 | 41524 | 41393

Rawdata | 2 | 40644 | 40346 | 394.75 | 40953 | 402.90 | 409.07 | 40692 | 41042 | 41211 | 412.31
3 | 40452 | 39785 | 399.14 | 410.15 | 40892 | 39857 | 405.08 | 41043 | 40226 | 405.65

1 | 39571 | 391.98 | 387.90 | 38558 | 389.28 | 390.16 | 386.10 | 389.33 | 38262 | 401.62

IMF, 2 | 39347 | 39291 | 38959 | 38897 | 389.38 | 392.09 | 397.58 | 383.36 | 391.26 | 394.64
3 | 39719 | 38377 | 391.84 | 389.97 | 39235 | 39356 | 38823 | 397.85 | 380.92 | 39545

1 | 33469 | 33626 | 32453 | 31461 | 319.33 | 31892 | 321.03 | 317.95 | 320.68 | 32655

IMF, 2 | 31671 | 31633 | 30881 | 309.24 | 309.18 | 316.22 | 310.12 | 30955 | 30529 | 31274
3 | 317.70 | 31794 | 31459 | 309.96 | 31034 | 321.73 | 31496 | 31457 | 303.71 | 323.99

1 | 303.02 | 28896 | 284.81 | 28520 | 27527 | 271.11 | 270.04 | 26952 | 272.98 | 289.25

2 | 28410 | 26835 | 26576 | 26803 | 257.38 | 25581 | 254.75 | 25519 | 25634 | 266.07

IMF, | 3 | 25017 | 242.38 | 243.25 | 23887 | 230.81 | 239.75 | 236.86 | 234.13 | 230.22 | 249.19
4 | 24349 | 239.28 | 242.30 | 23873 | 22724 | 23297 | 237.81 | 237.94 | 23957 | 25755

5 | 25369 | 24115 | 242.64 | 24195 | 23820 | 23513 | 246.09 | 242.99 | 23695 | 260.78

1 | 24537 | 22880 | 21880 | 214.28 | 209.74 | 21056 | 209.45 | 210.80 | 219.87 | 230.57

2 | 24374 | 22767 | 217.03 | 21234 | 207.35 | 20807 | 20355 | 20573 | 220.38 | 236.68

i 3 | 15260 | 14326 | 14583 | 14255 | 14299 | 14565 | 137.75 | 149.19 | 13955 | 169.37
4 | 15942 | 149.89 | 14854 | 14412 | 14594 | 13731 | 12967 | 139.74 | 13958 | 171.73

5 | 15413 | 142.82 | 144.38 | 14698 | 148.16 | 14551 | 161.87 | 147.05 | 14045 | 184.90

6 | 161.37 | 15294 | 149.90 | 14570 | 142.04 | 13435 | 131.96 | 157.83 | 169.34 | 179.09

1 | 17553 | 160.75 | 15054 | 13691 | 141.79 | 136.60 | 124.96 | 12851 | 122.76 | 186.55

2 | 197.38 | 196.13 | 20044 | 247.84 | 22956 | 241.03 | 293.81 | 329.22 | 320.38 | 196.05

Residue | 3 | 10000 | 8759 | 7682 | 17863 | 81.71 | 134.82 | 20471 | 149.90 | 213.03 | 175.88
4 | 11684 | 10872 | 9728 | 8501 | 8821 | 8255 | 5552 | 81.23 | 14630 | 83.10

5 | 12213 | 9550 | 8572 | 8179 | 7996 | 10862 | 7494 | 858 | 8577 | 7874
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Table 5. ARMA Model of Annual Inflow Time Series and Intrinsic Mode Functions Decomposed by Empirical

Mode Decomposition in Soyanggang Dam

Component | ARMA(p,q) Model
Rawdata ARMA(2,3) y, =+0.4760y, | +0.5401y, ,+e& —0.9434¢, | —0.9472¢, ,+0.6206¢, 4
y, =—0.1926y, | —0.1156y, ,+0.6670y, 5+ —0.7332¢, |, —0.0738¢, ,
IMF1 ARMA(3,9) —0.0217¢, _5+0.6392¢, _, +0.9883¢, 5 —0.3394¢, 4 —0.9995¢,
—0.3340¢, 4 +0.9279¢,
y, =+0.9961y, | —0.9655y, ,+0.1441y, ,+e +0.6854e, | —0.0926¢, ,
IMF2 ARMA(39) —0.8864e, 45— 0.5301e, , —0.3596, 5 —0.3501¢, 5 —0.3860¢,
—0.9976¢,  —0.9279¢, ,
y, =+0.9148y, , +0.3715y, ,—0.9776y, ,+0.1618y, ,+e,
IMF3 ARMA(4,5) +0.8093¢, | —0.5241e, ,—0.9998¢, , —0.9946¢, ,—0.7541¢,
y, =+0.9739y, | +0.2388y, ,+0.1955y, , —0.7054y, ,+&
IMF4 ARMA(4,7) +0.9172¢,_, +0.9984e, , +0.6464¢, _, —0.1914e,_,
—0.9973¢, , —0.9984¢, ,—0.6631¢, ,
y, =+0.9439y, | +0.9194y, , —0.7276y, ,—0.1368y, ,+e,
Residue ARMA(4,7) +0.9921e, | +0.9952¢, , +0.9938¢, _4+0.9878¢,_,
+0.9871e, - +0.9962¢, ;+0.9702¢ ,
6000

Observed Inflow
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Fig. 6. Forecasting Results of Traditional ARMA(2,3) Model and ARMA with EMD Model in
Soyanggang Dam
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Table 6. RMSE and RRMSE Resulis between Traditional ARMA and ARMA with EMD Models

RMSE RRMSE
Name Period ARMA with ARMA with
ARMA EMD ARMA EMD
Hwacheon Model training data 555.393 372.079 0.235 0.163
dam Model validation data 763.889 692.760 0.688 0.368
Soyanggang Model training data 509.513 301.420 0.259 0.164
dam Model validation data 899.435 778.017 0.808 0.432
PFs AstE HI 7S AAE BP0 R o549 Aole} ekt
S Hastlon, s 22 A8S AUtk

AEA RERHoR Tyl AALS BT HS ZAle| 2
Z710l= YAtEe} vlset FElE W& 717 =2 )

AREZp7E FealE A, AAE garelgoe] vHEEHA o] =& 2014 JR(M =)o) Adow
AAF AE F7140] oAl aAER EajEslon St A A ee] 298 o} el 7] 274 A (No.
el 84T ARV A AF EolEa MAARE7E At S AT A el A g IHAHE 1 2014006671).
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