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Fig. 2. Forecast results: (a) Univariate embedding; (b) multivariate embedding; (¢) multiview embedding; (d) average absolute er-

ror of the prediction results of the three embedding methods.
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Fig. 4. (a) Univariate embedding method and prediction result after adding NAM signal to the target variable; (b) prediction result

of multivariate embedding method (black circle represents prediction using only SAT sequence, red triangle represents after adding

NAM signal).
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Fig. 5. Only using Northeast Asia winter surface air temperature reconstruct the phase space: (a)—(d) represent the prediction res-

ults of k taking 40, 41, 42, 43 respectively.
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Fig. 6. Only adding the NAM signal in February to the reconstructed phase space of the SAT: (a)—(d) represent the prediction

results of k taking 30, 36, 31, and 34, respectively.
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Fig. 7. Adding the NAM signals from December to next February to the reconstructed phase space of the SAT: (a)—(d) show the

prediction results when £ takes 38, 39, 36, and 37, respectively.
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Table 1.

Predicted results of multiple embedding methods.

Reconstructing phase space with SAT only

Embedding method

Adding NAM to SAT to reconstruct the phase space

P MAE RMSE p MAE RMSE
Univariate 0.12 1.06 1.30 0.18 0.97 1.18
Multivariate 0.15 1.02 1.27 0.26 0.95 1.12
Multi-angle 0.66 0.62 0.75 0.79 0.59 0.66
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Abstract

The prediction of nonlinear and non-stationary systems is a research topic of great scientific significance. In
some recent work the convergent cross mapping (CCM) algorithm is used to detect the causal relationship
between variables. In the CCM algorithm, the points close to each other in the phase space have similar trends
and trajectories in time. Therefore, this method can be applied to the prediction of experimental researches of
nonlinear and non-stationary systems. Therefore, in this paper the CCM algorithm is applied to the prediction
of the Lorenz system and the actual climate time series, and the effects of different phase space reconstruction
methods on the prediction skill are investigated. The preliminary results are as follows. 1) No matter whether
the ideal Lorenz model or the actual climate series, of the three reconstruction phase space methods of
univariate, multivariate, and multiview embedding method, the multiview embedding method is the best
predictive skill, indicating that for a given length of time series, the more the information contained in the
reconstructed phase space, the stronger its predictive ability is. 2) Adding the data of NAM (northern
hemisphere annular mode) to the reconstructed phase space of SAT (surface air temperature) can improve the
prediction effect on prediction of SAT. Using the univariable, multivariable, and multiview embedding method
for implementing prediction, the characteristics of common information in the complex system are considered.
On condition that the length of the time series is fixed, the complexity of the dynamic system can be used to
increase the information of the system. Based on causality detection, through the extraction of quantitative
information of data, a novel idea for the improvement of predictive skills in nonlinear and non-stationary

systems can be obtained.

Keywords: convergent cross mapping, causality, nonlinear prediction, nonlinear system

PACS: 05.45.—a DOI: 10.7498 /aps.71.20211871

* Project supported by the National Natural Science Foundation of China (Grant No. 42075054).

1 Corresponding author. E-mail: wgl@mail.iap.ac.cn

080502-9


http://doi.org/10.7498/aps.71.20211871
http://doi.org/10.7498/aps.71.20211871
mailto:wgl@mail.iap.ac.cn
mailto:wgl@mail.iap.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 收敛交叉映射算法在预测上的应用
	2.1 CCM算法
	2.2 收敛交叉映射算法中三种重构相空间的方法

	3 理想数据实验
	4 东北亚地区冬季SAT时间序列的预测分析
	4.1 所用资料
	4.2 单变量、多变量嵌入法的预测试验研究
	4.3 多视角嵌入法的预测试验
	4.4 三种重构相空间方法的比较

	5 结　论

