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Impacts of winter and spring snow anomalies on summer
precipitation frequency and intensity in Eastern China

Yan Li, Bin Chen and Xiangde Xu

State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing
100081, China

Based on a variety of atmospheric reanalysis and precipitation, as well as the
winter and spring snow data over the Tibetan Plateau obtained by gauged stations and
satellites, this study first compare and validates the consistency of changes in different
snow data sets on interannual scale. The impacts of winter and spring snow anomalies
on the frequency and intensity of summer precipitation over the Eastern China are
further explored. Combined with the atmospheric physical diagnosis and numerical
simulation, the possible causes of the spatial difference in the impacts of snow
anomalies on summer precipitation in China are investigated as well.

The result of this study shows that: 1) the variation of snow depth observed by
gauged stations is well consistent with that derived from the satellite data on the
interannual variation scale. 2) The impacts of Plateau snow anomalies on the
frequency and intensity of summer precipitation in China exhibit significant spatial
differences. When there is more snow in winter and spring on the Tibetan Plateau, the
frequency of summer precipitation increases significantly in North China, the middle
and lower reaches of the Yangtze River and Northeast China, whereas the increase of
rainfall frequency in North China is mainly dominated by the types of moderate rain
and light rain, contrasting to the increase of heavy rain frequency in the middle and
lower reaches of the Yangtze River. 3) In the years with more snow cover, the heat
source over the Tibetan Plateau is weakened, resulting in occurrence of
"negative-positive-negative" abnormal wave train structure on the 500hPa potential
height, the strengthened and southward westerly jet, and the southward subtropical
high ridge. Under the influence of the above circulation background, the anomalous

cyclonic circulation on the north side of the anomalous anticyclone in the
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&0

&1

Northwestern Pacific enhance the water vapor transport residing in the middle and
lower reaches of the Yangtze River Basin. With the strengthened atmospheric vertical
movement, the intensity and frequency of heavy precipitation is increased in this
region. However, the region of North China is controlled by the circulation structure
of "saddle" field, the occurrence frequency of small precipitation increases
significantly, but the water vapor transport is weak, and the changes in precipitation
intensity is not significant.
Key words: Snow, Tibetan Plateau; summer precipitation; Precipitation frequency;
Precipitation intensity
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Fig.1The distribution of topography (shaded, m) and 50 snow meteorological stations
over the Tibetan Plateau.
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Fig.2 Interannual variation of snow depth(unit: cm) (SDI, black) observed by the 50
stations over the Tibetan Plateau and (a) NOAA-V3 and (b) ERA-5 reanalysis snow
depth (unit: m) (red) and snow cover (unit: %) (blue), respectively. The data are
standardized, where R1 represents the correlation with snow depth and R2 represents
the correlation with snow cover.
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Fig. 4 (a) Anomalies of precipitation frequency obtained by the linear regression
against the standardized time series of snow depth averaged over the Tibetan Plateau.
(b) The composite difference in precipitation frequency between the more snow and
less snow years. Stippling in (a) and (b) denotes the 95% confidence level.
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Fig.5 The same as the figure 4(a), but for the (a) light, (b) moderate, (c) heavy and (d)
extreme precipitation events, respectively.
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Fig. 7(a) Anomalies of precipitation intensity obtained by the linear regression against

the standardized time series of regional snow depth averaged over the Tibetan Plateau.
(b) The composite difference in precipitation intensity between the more snow and
less snow years. Stippling in (a) and (b) denotes the 95% confidence level.
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Fig.8 (a) The geographical distribution of three selected regions: Northeast China

(NEC), North China (NC), and the middle and lower reaches of the Yangtze River
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Table 1 Correlation coefficient between precipitation frequency, precipitation

intensity in different regions and snow depth over the Tibetan Plateau (bold indicates

that the correlation exceed the 95% confidence level)

HRARE KICR FX X ZRIbHX

/N AR 0.08 0.43 -0.17
R AR 0.29 0.47 -0.07
KEIHIR 0.51 0.39 0.2
MR 0.39 0.11 -0.11
Wee 7K R 0.39 0.2 -0.1
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Fig.9 (a) Anomalies of atmospheric apparent heat source(unit: W/m2) regressed

against the standardized time series of regional snow depth over the Tibetan Plateau.
(b) The composite difference in atmosphere temperature(unit: °C) between the years

of more and less snow. Stippling in (a) denotes the 95% confidence level.
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Fig.10 Anomalies of atmospheric apparent heat source (unit: W/m2) in: (a) Mar, (b)

Apr, (c) May and (d) Jun regressed against the standardized time series of regional
snow depth over the Tibetan Plateau. Stippling in (a), (b) (c) and (d) denotes the 95%
confidence level.
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Fig.11 (a) Regression coefficients of 500hPa geopotential height(shaded, unit in
gpm)and 850hPa wind field (vector) anomalies against the standardized time series of
regional snow depth over the Tibetan Plateau; (b) The same as the figure (a), but for
the integrated vapor flux (vector, from surface layer to 300 hPa, unit in kg/(m*s) ) and
the its divergence (unit in 10e-5kg/(m2*s)).Stippling in (a) and (b) denotes the 95%
confidence level.
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Fig. 12 Regression coefficients of the meridional circulation (vectors; m.s—1) and

vertical velocity (Pa. s—1) averaged over the eastern China (105°-120°E)anomalies
against the standardized time series of regional snow depth over the Tibetan Plateau.
Stippling denotes the 95% confidence level.
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Fig.13 (a) Composite difference in subtropical high ridge index in summer between
snowy years and less snowy years; (b) Regression coefficients of 200hPa zonal wind
field in summer (shaded) anomalies against the standardized time series of regional
snow depth over the Tibetan Plateau, and the averaged 200hPa zonal wind field in
summer(contour).Stippling in (b) denotes the 95% confidence level.
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