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Impacts of the long-term change of the summer Asian polar vortex on the
circulation sysem and the water vapor transport in East Asia

WAN G Zun-Ya, DING Yi-Hui
National Climate Center, China Meteorological Administration, Beijing 100081, China

Abgtract  The long-term trend of the intensty and the extenson of the summer Adan polar
vortex during 1951 to 2004 is analyzed and its relationships with the circulation system, the water
vapor transport and rainfall amountsof the East Asan summer monsoon are discussed. The main
results are shown as follows: both the intensty and the extenson of the summer Asan polar
vortex show sgnificant decreasng trend from 1951 to 2004, with the change in the extenson
being more obvious. And the trend isconsstent with the sgnificant increase of the AO index. By
the impactsof the change of the large-scale circulation in the mid-high latitude , the location of the
upper-level westerly jet shifted sgnificantly southward, the southward invason of the cold airs
intendfied greatly , the low-level northerly strengthened while the southerly weakened obvioudy
and the zonal wind speed decreased to some degree in recent 54 years, presenting the obvious
weakening of the East Asan summer monsoon. At the same time, the westward water vapor
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transport weakened cons stently over China. And the southward water vapor transport showed
opposte trendsin the west part and the east part of China, taking about 110°E as the boundary ,
with the increasing trend in the west while the deceasing trend in the east. Changesin the water
vapor transport affected the convergence and divergence of the water vapor in different regions of
China, and then resulted in the change of the summer rainfalls. Further analyses present that
these changesin the water vapor trangport and its convergence and divergence are related closely
to the weakening and area decrease of the summer Asan polar vortex. The summer Asan polar
vortex has an important impact on the summer rainfalsin China through the circulation and the
water vapor transport of the East Asan summer monsoon and its long-term change is a possble
cause of the change of summer rainfallsin China.

Keywords Asdan polar vortex, Linear trend, East Asan circulation, Water vapor transport ,

Summer rainfallsin China
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Fig. 2 Linear trend coefficients of the summer rainfall anomalous percentage in China {rom 1951~2004,

unit: %/10a, with the square denoting exceeding the 95% confidence level
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Fig.3 Correlation coefficients between the area index of the summer Asian polar vortex and summer rainfalls

in China from 1951 to 2004, with the square denoting exceeding the 95% confidence level
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Fig. 4 Time series of the mean zonal location (averaged
from 70°E to 120°E on the 200hPa level) of the upper-
level westerly jet in summer

The solid line denoting the linear trend.
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Fig.5 The time-latitude section of the meridional wind speed (a, v, unit: m/s) and the temperature anomalies
on the 850 hPa level (b, unit; °C, the negative value is shaded and the thick solid line denotes the location of
the cold center) in summer East China (averaged from 110°E to 120°E), and the time series of the

meridional and zonal wind speed over summer China (c, unit: m/s) from 1951 to 2004
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Fig. 6 Linear trend coefficients of the zonal (a) and meridional (b) water vapor transport flux from

1951 to 2004 (unit: (kg/(m + s))/a), with the positive trend being shaded and denoting the

increase trend of the eastward (a) and northward (b) water vapor transport.
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Fig.7 The schematic map of the boundary mainly impacting the change of the water vapor convergence and divergence
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Table 1 Linear trend coefficients of the water vapor
divergence and rainfalls in summer sub-regions of
China from 1951 to 2004 ,and the correlation
coefficients between the water vapor divergence
and the rainfalls in each sub-region as well as
the summer Asian polar vortex
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Fig.8 Height anomalies on 500 hPa level (unit: gpm)
The solid line, dashed line', - "and" +"denoting the postive anomaly , negative anomaly , the negative center and

the positive center , respectively , the postive westerly anomalies on 200 hPa level (shaded areas, unit: m/ s) and the
vertically integrated water vapor transport flux anomalies (the vector , unit: kg/ (m- s)) , with the thick arrow
denoting the direction of the water vapor transport from 1951 to 1976 (a) and from 1977 to 2004 (b) .
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