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Figure 1 (Color online) Smoothed monthly mean sunspot number and

monthly mean sunspot number time series.
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Figure 2 (Color online) Hurst exponent of smoothed monthly mean
sunspot number and monthly mean sunspot number time series.
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Figure 3 Change curve of S(¢), AS(#)and Seol(?).
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Figure 4 Hybrid prediction model of smoothed monthly mean sunspot
number.
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Table 1 Comparison of performance index of prediction methods
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A hybrid prediction model of smoothed monthly
mean sunspot number

TIAN ZhongDa'", LI ShuJiang', WANG YanHong', WANG XiangDong' & SHA Yi’

' College of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China;
* College of Computer Science and Engineering, Northeastern University, Shenyang 110819, China

A hybrid prediction model of smoothed monthly mean sunspot number is proposed in this paper. The maximum
predictable time span of smoothed monthly mean sunspot number is calculated by the maximum Lyapunov exponent
method. The results show that the maximum predictable time span of smoothed monthly mean sunspot number is 42
months. The smoothed monthly mean sunspot number time series has linear and nonlinear components. Auto regressive
moving average model is utilized to predict the linear component. The nonlinear error component can be obtained by the
actual value of smoothed monthly mean sunspot number minus the prediction value by auto regressive moving average
model. Then, echo state network with good nonlinear prediction ability is utilized to predict nonlinear error component.
At the same time, artificial bee colony algorithm is used for parameters optimization of echo state network prediction
model. The final prediction value of smoothed monthly mean sunspot number will be obtained by the prediction value
of auto regressive moving average model added to the prediction value of echo state network. The simulation of the
twenty-third solar cycle smoothed monthly mean sunspot number shows that the proposed model has higher prediction
accuracy. At the same time, smoothed monthly mean sunspot number of twenty-fourth solar cycle is predicted, the
results show that the twenty-fourth solar cycle will end in February 2020.

smoothed monthly mean sunspot number, hybrid prediction, auto regressive moving average, echo state network
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