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Abstract The influence of gradual external forcing changes on non-stationary system is significant, and the manner by
which external forcing features are reconstructed from non-stationary system has become the key to study the dynamic
characteristics of the system. In this study, a continuous system (the modified Lorenz system) is used as the reference
model, based on the slow feature analysis (SFA). We discuss the ability of SFA in extracting different forcing signals in
the model under conditions of periodic forcing, weakened periodic forcing, exponential decay forcing, and periodic
forcing with exponential decay. Results show that the SFA method can extract external forcing information acting on the
continuous system and its extraction effect is correlated to the intensity of the external forcing, noise, and embedding
dimension m: The weaker the external forcing or the stronger the noise interference, the worse the extraction effect.
Hence, the false high-frequency fluctuation appears in the extracted signal. The increase in embedding dimension m can

improve the extraction effect of the external forcing signal to a certain extent. The results also shows that the external

WHSEES 2018-12-12; MLEFLARALA 2019-06-21

fEEREN SCE, B, 1995 £HAE, WA, EBENFAELEKSEFHW . E-mail: 549083189@qq.com
BIWEE L5, E-mail: wgl@mail.iap.ac.cn

BEWE EEKEAREIESTH 91737102, 41575058

Funded by National Natural Science Foundation of China (Grants 91737102 and 41575058)


https://doi.org/10.3878/j.issn.1006-9585.2019.18158
https://doi.org/10.3878/j.issn.1006-9585.2019.18158
https://doi.org/10.3878/j.issn.1006-9585.2019.18158
https://doi.org/10.3878/j.issn.1006-9585.2019.18158

R VRS RS N A7 25 %

154 Climatic and Environmental Research

Vol. 25

forcing acting on a single variable embeds its driving information in the system and SFA can extract the external forcing

signal from other variables.

Keywords Slow feature analysis, Driving force, Non-stationary system, Continuous system
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Fig. 1 SFA (Slow Feature Analysis) extraction test of variables x, y, and z under the periodic external forcing, where the gray scatter is the SFA

extracted signal and the black solid is the real forcing signal. (a) Embedding dimesion m = 10; (b) m = 23; (¢) m = 30; (d) m = 60
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4 HR5H

SFA extraction test of variables x, y, and z of the periodic external forcing under noise interference, m =

(20 Jof B [ 35 B ok s 0 B ) s A
5, MRFAE 2 A BE 85 BT UK R Gt rh B A

A SFA 4341 715X 24 1) Lorenz #E4T
38T, BT EEN 2 YRS RGN KBNS S
IRERE ST, VP AR
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Fig. 10 Correlation coefficients between the SFA extracted signal and
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interference, when different embedding dimensions m are taken
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