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A Study of ENSO Index Prediction Based on Neural Network — Singular
Spectrum Analysis

YAN Jun and LIU Jian-Wen

Beijing Aviation Meteorological Institute . Beijing 100085

Abstract ENSO indices and the related time series are studied by singular spectrum analysis (SSA). The results
show that SSA can detect the signal and noise from the original time series, enhance the predictability of ENSO indi-
ces. And by that, a model based on neural network and singular spectrum analysis (NN - SSA) is built to forecast
ENSO indices. The model is applied with different combinations of predictors from the time series. It is shown that
NN - SSA model performance is higher than persistent forecasts evidently, the best in the zonal wind index at 850
hPa and Nino region indices as inputs. The correlation coefficient on Nifio 3 and Nifio 4 SSTA forecast is still above
0.5 at lead time of 4 quarters. There is also seasonal dependence on SSTA forecast skills in the NN - SSA model ex-
periments. Compared with other statistic models (LR, CCA and Persistence etc. ), NN - SSA model shows compa-
rable or predominant skills on Nifio 3 SSTA forecast, and the correlation coefficient decreases very slowly as the lead
time increases.

Key words ENSO index, neural network, singular spectrum analysis (SSA), time series
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Table 1 Periodical characteristics of different indices

EiR k% FALMEX R R NE
Index Oscillation Eigenva- Explain vari- (J )Period
lue pairs ance / % (months)
Nifio 1+2 1 1, 2 41. 4 50
2 3,4 22.5 29
Nino 3 1 1, 2 44.0 45
2 3, 4 21.6 28
Nino 4 1 1, 2 43.5 55.6
Nino 3. 4 1 1, 2 44. 6 50
2 3, 4 23.4 29
SOI 1 1,2 26.0 50
2 4,5 19.5 29
850WPZW 1 4,5 16.5 29
850MPZW 1 1,2 33.6 62
2 3, 4 21.3 30
200WPZW 1 5,6 6.0 25
200MPZW 1 4,5 17.0 29
SUNSPOT 1 1,2 81.5 125
OLR 1 1, 2 36. 7 62
2 4,5 18.9 29
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Table 2 The forecasted correlation coefficients for different
predictors combined with the sea surface temperature anomaly

(SSTA) in the Nino region at lead time 0 — 4 quarters

B A 0F 1F 2& 3F 4F
Predictor quarter quarter quarter quarter quarter
SO1 0.8 0.72 0.62 0.57 0.55
850MPZW 0.8 0.73 0.64 0.62 0.63
850WPZW 0.73 0.68 0.59 0.52 0.53
200MPZW 0.80 0.67 0.61 0.63  0.65
200WPZW 0.82 0.67 0.53 0.46 0.43

850MPZW+200MPZW 0.82 0.70 0.61 0.61 0.63
850MPZW+850WPZW 0.84 0.72 0.59 0.48 0.41
200MPZW-+200WPZW 0.78 0.64 0.56 0.57 0.58

850MPZW-+S0I 0.83 0.71 0.62 0.61 0.63
200MPZW-+S0I 0.79 0.68 0.62 0.63 0.64
850MPZW-+200MPZW+S0OI 0.81  0.71  0.63  0.62  0.64
OLR 0.83 0.69 0.57 0.52 0.51
OLR+SOI 0.83 0.71 0.60 0.53 0.51
SUNSPOT 0.84 0.68 0.54 0.48 0.45
SUNSPOT+S0I 0.82 0.66 0.51 0.45 0.45

SOI+OLR+850MPZW 0.82 0.71 0.60 0.55 0.56
SOI+OLR+SUNSPOT  0.82 0.66 0.52 0.46  0.45
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Table 3 The forecasted correlation coefficients for different

Nino regions at lead time 0 — 4 quarters
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Lead time (quarters)  Nifio 1+2 Nifo 3 Nino 4 Nino 3. 4
0 0. 80 0. 85 0. 87 0. 88
1 0. 56 0.71 0.76 0.76
2 0. 38 0.57 0.63 0.61
3 0. 33 0.51 0.55 0.51
4 0.33 0.51 0. 54 0.49
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Fig. 3 The seasonal variation of the correlation coefficients for SSTA forecast in different Nifo regions at lead time 0 — 4 quarter
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