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Abstract By using the ERA-Interim reanalysis data and daily precipitation observation from 756
stations over China, the extreme winter precipitation over South China during 1979-2015 are
identified. They could be classified into five groups according to their spatial distribution via k-
means clustering method. That is, the extreme precipitation occurs over the Yangtze River valley,
central South China, southeastern South China, Huaihe River Valley and Southwest China. To
disclose the causes of the widespread extreme winter precipitation over South China, the extreme
precipitation with an eastward migration from Southwest China to the coastal Southeast China have
been further analyzed, by comparing with that occurs locally over Southwest China. The results
show that the main differences in the trigger and maintenance mechanisms of winter extreme
precipitation between the local and eastward migrating cases, are the confliction between warm and
moist advection by India-Burma trough and intensity of cold air activity. For the local cases, active
cold air activity inhibits the development of India-Burma trough, resulting in the constraint of
extreme precipitation over Southwest China. On the contrary, the warm and moist advection by
India-Burma trough move eastward continuously in the eastward migration cases along with weak
cold air activity. The cooperation of high-latitude wave train and South Asian jet wave train is
crucial to the confliction between cold air activity and warm advection. When these two wave trains
develop synchronously, the cold air activity over South China will be strong and the warm advection
from the Bay of Bengal will be confined over Southwest China, so does the resulting precipitation.
However, when the high-latitude wave train developed ahead of South Asian jet wave train, and the
cold air activity is weak when the India-Burma trough is enhanced by the South Asian jet wave train,
the warm advection from the Bay of Bengal could move eastward continuously, resulting in the
eastward migration of precipitation from Southwest China to the coastal Southeast China.
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Fig. 1 Distribution of the composited extreme winter precipitation (shading, units: mm/day) and

anomalous 850-hPa horizontal wind (vectors, only the result significant at the 90% confidence level
is shown, units: m/s) clustered via k-means method over South China during 1979-2015. The
percentage of total extreme winter precipitation days is shown at the top right of each panel.
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Fig. 2 Evolution of the composited precipitation (shading, units mm/day) from Day -1 to Day +1 in

(a—c) the local cases and (d—f) the eastward migration cases.
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Fig. 3 Zonal-vertical evolution of anomalous zonal circulation (vectors, units: m/s; 10> Pa/s, black
arrows represent statistically significant above the 95% confidence level), along with
pseudoequivalent potential temperature (black contours, units: K) and its anomalies (shading, units:
K) along 25°N in (a—c) the local cases and (d—f) the eastward migration cases.
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Fig. 4 (a-b) Anomalous vertically integrated water vapor fluxes (vectors, units: kg m™ s, only
abnormal water vapor flux larger than 50 kg m™! s! are shown) and their divergence (shading, units:
107 kg m2 s™), (c—d) anomalous 700-hPa horizontal wind (vectors, units: m/s) and relative vorticity
(shading, units: 10 s) in the (left) local cases and (right) eastward migration cases. The locations

of anticyclones and cyclones are marked as ““AC” and ““C,” respectively, in (c—d).
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Fig. 5 Composites of (a—b) sea level pressure (contour, units: Pa) and its anomaly (shading, units:
Pa), (c—d) anomalous 850-hPa horizontal wind (vectors, units: m/s) and pseudoequivalent potential
temperature (shading, units: K), and (e—f) 500-hPa geopotential height (contour, units: gpm) and its
anomaly (shading, units: gpm) in the (left) local cases and (right) eastward migration cases. The
black arrows and dotted areas represent statistically significant above the 95% confidence level.
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Fig. 6 Evolution of anomalous horizontal wave activity fluxes (vectors, unit: m* s?) and
quasigeotrophic streamfunction (shading, unit: 10° m? s) at 200 hPa from Day -12 to Day +3 in (a-
f) the local cases and (g-1) the eastward migration cases. The black arrows and dotted areas represent
statistically significant above the 95% confidence level.
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Fig. 7 Zonal-temporal sections of 200-hPa anomalous horizontal wave activity fluxes (vectors, unit:
m? s2) and quasigeotrophic streamfunction (shading, unit: 10° m* s') averaged over 20-40°N from
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Day -7 to Day +3 in the (a) local cases and (b) eastward migration cases. The black arrows represent
statistically significant above the 95% confidence level. Red arrow denotes the direction of

propagation. Red lines represent statistically significant above the 95% confidence level.
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Fig. 8 As in Fig. 7, but averaged over 50-70°N from Day -12 to Day +3.
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Fig. 9 The distribution of correlation coefficient between 200-hPa quasigeotrophic streamfunction
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and the wintertime daily wave train indexes (shading: Inigh-tocal; T€d lines: Inigh moving; black lines:
Isarwr) during 1979-2015. Red dots, red triangles and black squares represent the height center
selected for the wave train indexes. Only results above the 95% confidence level are shown.
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Fig. 10 The regression of (a—b) sea level pressure (units: Pa, contour: reconstruction of sea level
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