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Comparison among reconstruction methods for empirical mode decomposition components in runoff prediction
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(1. School of Environmental Science and Engineering, Chang/ an University, Xian, 710054, China; 2. Key Laboratory of
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Abstract: The accuracy of mid and long term forecast on hydrological time series is highly questioned due to the nom stationary

and nonlinear complex changes of the series. The "Decompositior Predictionr Reconstruction" model, as a new and effective fore

casting method, has captured the attention of many scholars in related fields in recent years. But troubled by large errors in high

frequency component prediction, uncertain trend and other issues, t his model still requires a lot of improvements in the develop

ment process. Among all the improvements, reconstruction of runoff component is intensely crucial in controlling higlr frequency

component prediction error and im proving prediction accuracy of the hydrological series. To do this, the "Decomposition- Pre

diction" hybrid model was established in this paper using empirical mode decomposition (EMD) and autoregressive model

(AR). Two reconstruction methods were proposed based on the particle swarm optimization ( PSO) algorithm, which were the

PSO based reconstruction coefficient optimization method and the higlr frequency component removal & reconstruction coefft
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cient optimization method. These two methods plus the previous higl frequency component removal method were used to conr
pare the efficacy of hydrological forecasting in a case study on Dingjiagou station in northern Shaanxi, Huaxian station in middle
Shaanxi and Baihe station in southern Shaanxi. The results showed that the high frequency component removal method, PSG-
based reconstruction coefficient optimization method and highr frequency com ponent removal & reconstruction coefficient optt
mization method all predict better than the standard reconstruction method, as reflected by five error evaluation indicators. Thus
it can be drawn that these three reconstruction methods can improve the prediction accuracy in different degrees. H iglr frequency
component removal method emphasizes removing the higlr frequency component, which is the most unstable and unpredictable,
so as to enhance the prediction accuracy, but only by alimited margin due to the sim ple removal process. PSO based reconstruc
tion coefficient optim ization method is to optimize the reconstruction coefficients of all runoff components and to reconstruct the
forecasted series. It can reduce errors during com ponents reconstruction to the greatest extent and improve the prediction accwr
racy effectively. Higlr frequency component removal & reconstruction coefficient optimization method combines the above two
met hods and predicts better than all the other methods.

Key words: hydrology and w ater resources; runoff prediction; em pirical mode decomposition;reconstruction; reconstruction coef

ficient optimization
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Fig. 1 Principles of reconstruction methods
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Fig.2 EMD components of measured runoff in each station
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Tab.1 Prediction effect of each runoff component at three stations

MAPE(%) NSE
5 A [EXFi i
FEH  RUEH  EREH  KIEH
IMF1 87.12  95.33 0.36  -0.08
IMF2 144.8  96.98 0.91 0.03
TR IMF3 6.91 72.47 1 0.18
IMF4 0.09 4.5 1 1
Residual 0 0 1 1
IMF1 167.38  298.1 0.73  -0.29
IMF2 91.32  142.63  0.96 - 0.18
e Bl IMF3 2.48 24. 66 1 0.75
IMF4 0.13  194.66 1 0.61
Residual 0 0 1 1
IMF1 124.48 116.05  0.58 - 0.21
IMF2 76.11  59.09 0. 86 0.85
SRIN IMF3 13.23  45.04 1 0. 48
IMF4 1.87 87.53 1 0. 83
Residual 0 0.55 1 0.7
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Tab.2 Component reconstruction coefficients of

different reconstruction methods at each station

EROEY
st RO pso W RH mSEHIR
b ix T REAAE
IMF1 0.37 0
IMF2 1.35 0.92
THilgy; IMF3 1.76 0. 89
IMF4 0.97 0.91
Residual 0.93 0.97
IMF1 0. 82 0
IMF2 1.18 1.47
AR IMF3 0.56 0. 68
IMF4 0. 87 1.96
Residual 0. 81 0.78
IMF1 0.57 0
IMF2 1 1.56
SO IMF3 0. 66 0.78
IMF4 1 0.48
Residual 0.78 0. 81
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3

Fig.3 Fitting effect of each runoff component in calibration and validation period at Dingjiag ou,H uaxian and Baihe stations

3
Tab.3 Prediction effect of different reconstruction

methods at validation period

VA HR bR
AL WRMTE S pape o MAE DVS
(%) [Mm? (%)
o v T A 8.35 0.73 0.51 55.56 0.37
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£ ]
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