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Abstract Traditional anomaly of surface air temperature was compared with “anomaly” in amplitude - frequency
modulated annual cycle (MAC) reference frame defined by the Ensemble Empirical Mode Decomposition (EEMD)
method using power spectrum analysis, wavelet analysis, and Empirical Orthogonal Function (EOF) analysis for
Beijing station and all over China during the period from 1953 to 2002. The “interannual and longer timescale varia-
bility” represented by the traditional anomaly was also compared with the low frequency (timescale is longer than
one year) component in MAC reference frame. The results show that the traditional anomaly and the traditional “in-
terannual and longer timescale variability” still contain residual annual cycle. Moreover, the fluctuations with times-
cale less than one year exist in the traditional anomaly. In contrast, the anomaly that the MAC is excluded better ex-
cluded annual cycle, and the low frequency component in MAC reference frame only contains fluctuations with time-

scale longer than one year, thus it is more suitable to represent “interannual and longer timescale variability”.
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Fig. 1 Multi-timescale decomposition of raw daily surface air temperature (SAT) series by EEMD method in Beijing during the period of

1953 -2002: (a) Raw daily time series; (b) high-frequency component (timescale shorter than one year); (c¢) modulated annual cycle

(MAC); (d) low-frequency component (timescale longer than one year)
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Fig. 3 Instantaneous frequency of MAC of SAT in Beijing during the period of 1953 - 2002
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Morlet wavelet analysis for monthly SAT series in Beijing during the period of 1953 =2002: (a), (b), and (¢) are for traditional a-

nomaly (base period is 1961 - 1990), and (d). (e), and (f) for residual series that MAC is subtracted from the raw data. (a) and (d) are
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indicates 0. 01 significance level
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Fig. 6 EOF analysis of SAT in China during the period of 1953 = 2002: (a) - (d) are for traditional monthly anomaly (base period is
1961 -1990). and (e) — (h) are for low frequency component decomposed by EEMD. (a) and (e) are the first leading modes, which ex-
plain 50. 4% and 49. 5% of the total variance, respectively; (b) and (f) are the corresponding principal components of the first leading
modes (PC1); (¢) and (g) are the second leading modes, which explain 17. 8% and 16. 3% of the total variance, respectively; (d) and

(h) are the corresponding principal components of the second leading modes (PC2)
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Fig. 7 Morlet wavelet analysis for PC1 and PC2 of EOF: (a), (b), (e), and (f) are for traditional monthly anomaly; (¢), (d), (g), and
(h) are for low frequency components which timescale is longer than one year decomposed by EEMD; (a) — (d) are for PCl, and (e) —

(h) are for PC2; (a), (c¢), (e), and (g) are wavelet power spectrum; (b), (d), (f), and (h) are global wavelet spectrum
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