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Abstract In memory of the excellent contributions made by academician Tao Shiyan to the study on East Asian winter
monsoon (EAWM), the characteristics and internal dynamical causes of winter surface air temperature in China and the
EAWM occurring near the late 1990s are analyzed in this paper by using observational data in China and reanalysis data
of the NCEP/NCAR and ERA-40/ERA-Interim. The analyzed results show a significant jump of interdecadal variability

of winter surface-air temperature in China and the EAWM occurrence in the late 1990s. With the strengthening of the
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EAWM, this variability of winter surface air-temperature in China has undergone a change from a “similar pattern in the
whole China” to a “south-north oscillation pattern” (i.e., cold in the north but warm in the south) since 1999. Because the
winter surface-air temperature in northern China shifted into a colder state during 1999-2012, wintertime disasters of low
temperature, snowstorms, and blizzards have frequently occurred in this region. In addition, the dominant period of the
interannual variability of winter surface-air temperature and the EAWM turned into 2—8 years from previous 3—4 years.
Moreover, the results show that this interdecadal jump of the EAWM is attributed to the strengthening of the Siberian high
and the Aleutian low. The internal dynamical causes and physical mechanism of this interdecadal variability of the
EAWM are discussed further from the dynamical theories of Arctic Oscillation (AO) and quasi-stationary planetary wave
activity. Since the late 1990s, the propagation of quasi-stationary planetary waves into the stratosphere over high latitudes
of the Northern Hemisphere along the polar wave-guide was enhanced, while the propagation into the upper troposphere
over the subtropics along the low-latitude wave-guide weakened, which caused the strengthening of the convergence of
Eliassen-Palm (E-P) fluxes of quasi-stationary planetary waves in the troposphere and stratosphere over high latitudes and
strengthening of the divergence of E-P fluxes in the middle and upper troposphere over the subtropics of the Northern
Hemisphere. This led to the weakening of wintertime zonal-mean zonal flow from the troposphere to the stratosphere over

high latitudes of the Northern Hemisphere and the polar front jet and strengthening of the wintertime subtropical jet

38 %
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during 1999-2012, which caused the weakening of the wintertime AO and strengthening of the EAWM.
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Fig. 1 (a) The spatial distribution and (b) corresponding time-coefficient series of the first principle component (EOF1) of wintertime (December—February of

next year) surface air temperature in China during 1960-2012. The solid and dashed lines in Fig.la denote positive and negative values, respectively, and the

EOF1 explains 56.6% of the total variance
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Fig. 3 The wavelet analyses of the corresponding time coefficients of (a) EOF1 and (b) EOF2 of wintertime surface air temperature in China. The contour on

the left denotes the power spectrum, and the curve on the right denotes the global wavelet spectrum; shading depicts power spectrum significant beyond 95%

level based on the Chi-square test
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Fig. 4 The station numbers of wintertime surface air temperature anomalies beyond the 95% confidence level based on Lepage (solid line) and MTT (dashed

line) tests, respectively
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Fig. 5 The distributions of interdecadal mean wintertime surface air temperature anomalies in China averaged for (a) 1988-1998 and (b) 1999-2012. The
solid and dashed lines depict positive and negative anomalies, respectively; green shading and red dots denote areas and stations with the surface air

temperature anomalies beyond the 95% confidence level based on Lepage test, respectively
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Fig. 6 The interannual variations of EAWM (East Asian winter monsoon) indexes during 1958/1959-2012/2013 calculated by using (a) NCEP/NCAR and (b)

ERA-40 reanalysis data (the ERA-interim reanalysis data is used after 2002), respectively. The curve indicates 9-year running mean
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averaged for (a) 1976-1987, (b) 1988-1998, and (c) 1999-2012. The solid and dashed lines denote positive and negative anomalies, respectively. The

anomalies beyond the 95% confidence level are shaded. The data are from the NCEP/NCAR reanalysis data
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Fig. 8 The wavelet analyses of the EAWM indexes calculated by using (a) NCEP/NCAR and (b) ERA-40 reanalysis data. The contour on the left denotes the power

spectrum, and the curve on the right denotes the global wavelet spectrum; shading depicts power spectrum significant beyond 95% level based on the Chi-square test
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Fig. 9 Same as Fig.7, but for surface air temperature anomalies (units: °C)
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