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Abstract Based on the observed precipitation data from 160 China stations, the NCEP/NCAR reanalysis dataset
and the sea surface temperature (SST) dataset from the Met Office Hadley Centre, this study investigates two major
modes of wintertime precipitation over China through empirical orthogonal function (EOF) method and associated
atmospheric circulation and SST through linear regression method. It reveals that the first two EOF modes account
for 49. 6% and 17. 3% of the total variance, respectively, and can be well separated from the remaining modes.

EOF1 reflects the strength of wintertime precipitation over southeastern China. The associated principal component
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(PC1) has significant interannual variability with 2 — 4 year period. Its interdecadal variations suggest that the win-
tertime precipitation over southeastern China was below (above) normal before (after) the mid-1980s, and has a
slight decreasing trend in recent years. EOF2 delineates an out-of-phase relationship between South China and the
middle and lower reaches of the Yangtze River as well as the northern part of Xinjiang. The associated time series
(PC2) also has a clear 2 - 4 year period and an interdecadal component, which experiences a clear trend towards its
negative polarity from 1980 to 2005. Further analysis suggests that EOF1 is closely related to the El Nino-Southern
Oscillation (ENSO) and the East Asian winter monsoon (EAWM).

phase, the EAWM is weak (strong), the anomalous water vapor transport from the Bay of Bengal and the South

When warm (cold) ENSO is in its mature

China Sea converges (diverges) over southeastern China and favors more (less) precipitation in this region. The
SST anomalies over the tropical eastern Pacific have significant relationship with the variation of EOF1, and may act
as a potential predictor for this mode. The variation of EOF2 is closely associated with a barotropic wave train across
the Eurasian continent originating from the North Atlantic, which can induce anomalous northerlies (southerlies)
along the coasts of southeastern China. It then causes the divergence (convergence) of water vapor flux in the lower
reaches of the Yangtze River and opposite condition in South China, and therefore favors a positive (negative) phase

of EOF2. The SST anomalies around the Norwegian Sea over the North Atlantic have the closest relationship with

the variations of EOF2, and may act as a potential predictor with a leading time of 7 months.
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Fig. 1 (a) The climatology of wintertime precipitation, (b) the per-
centage of wintertime precipitation to the annual total precipitation, and
(¢) the interannual standard deviation of wintertime precipitation over

China for the period 1951 —2009. CI is contour interval (the same below)
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Fig. 2 (a, b) EOF1 and (c. d) EOF2 of wintertime precipitation for 1951 = 2009 in China: (a. c¢) Regression map based on normalized time

series (units: mm); (b, d) normalized time series (bars) and its 7-year running mean (curve). In (a) and (c), positive (negative) values are

indicated by solid (dashed) contours; zero lines are omitted; light, middle, and dark shadings indicate 90%, 95%, and 99% confidence levels,

respectively
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Fig. 4 The regression maps of (a) sea level pressure, (b) 500-hPa geopotential height, (¢) 200-hPa zonal wind, (d) 850-hPa wind, (e) 850-

hPa air temperature, and (f) zonal wind and vertical circulation averaged over 100°E -~ 130°E on the normalized first principal component (PC1)

of wintertime precipitation over China for the period 1951 - 2009. Solid (dashed) contours: positive (negative) values; zero lines are omitted;

light and dark shadings indicate 95% and 99% confidence levels, respectively
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Fig. 6 The regression maps of (a) sea level pressure, (b) 500-hPa geopotential height, (¢) 850-hPa wind, and (d) vertical section of geopo-

tential height along the lines indicated by ABCDE in (c¢) on the normalized second principal component (PC2) of wintertime precipitation over

China for the period 1951 = 2009. Solid (dashed) contours: positive (negative) values; zero lines are omitted in (a) and (b); light and dark

shadings indicate 95% and 99% confidence levels, respectively
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Fig. 8 The regression maps of (a) preceding autumn, (b) simultaneous winter, and (¢) succeeding spring SST on the normalized first principal

component (PC1) of wintertime precipitation over China for the period 1951 — 2009. (d) The lead/lag correlation between PCl of wintertime

precipitation over China and Nino3 index. Solid (dashed) contours: positive (negative) values; zero lines are omitted; dark and light shadings

indicate 99% and 95% confidence levels, respectively
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Fig. 9 The regression maps of (a) preceding autumn, (b) simultaneous winter, and (¢) succeeding spring SST on the normalized second prin-
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dence levels, respectively
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Fig. 5 The regression map of water vapor transport (arrow) and its divergence (shading) on the normalized first principal component (PC1)

of wintertime precipitation over China for the period 1951 - 2009
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Fig. 7 As in Fig. 5, but for EOF2



