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Abstract Using the ERA-40 data (1968 — 2002) , this study investigated the second and third dominant modes of the East Asi-
an summer monsoon (EASM) variability and their associations with the atmospheric circulation and external forcing in the bo-
real mid-high latitudes by means of the complex vector empirical orthogonal function method. Both the second and third domi-
nant modes are closely related to atmospheric circulation anomalies in the boreal mid-high latitudes, and their accumulative co-
variance exceeds the leading mode of the EASM variability. The second mode accounts for 13% of the covariance, and contains
two different sub-modes (P21 and P22). They correspond respectively to the anomalous dual-blocking high pattern (the Ural
Mountains and the Okhotsk Sea) and the northern Eurasian teleconnection pattern. The third mode accounts for 8. 2% of the
covariance, and contains also two sub-modes (P31 and P32), which correspond respectively to the two Eurasian teleconnection
patterns. These EASM modes affect Chinese summer rainfall variation, particularly in north and northeast China. In recent
decades, the two decadal variations of Chinese summer rainfall may have a closer relationship with the third mode relative to the
second mode. The spring Arctic sea ice might provide a precursor for both Chinese summer rainfall and the summer monsoon
mode P31.

Key words East Asian summer monsoon, Mode, Atmospheric circulation anomalies in the boreal mid-high latitude, Arctic sea ice
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Fig.1 (a) Spatial distributions of the leading
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second and third amplitudes, respectively

(values greater than 0. 07 are shaded)
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(a) Regression map of the summer mean 850 hPa winds, derived from a linear regression on the

from a linear regression on the imaginary part of the second complex principal component, (¢) and (d)
as in (a) and (b), respectively, but derived from the NCEP-NCAR reanalysis data (see M21 and M22

of Wu et al, 2008), (e) normalized time series of the P21 (solid line) and the M22 (dashed line) with their
correlation being 0. 89, () normalized time series of the P22 and the M21 with their correlation being — 0. 29,

(g) 5-year running means of normalized time series of the P21 (solid line) and the M22(dashed line) ,

(h) 5-year running means of normalized time series of the P22 (solid line) and the M21(dashed line)
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Fig.3 Regression map of summer mean 500 hPa heights. derived from a linear regression on (a) the P21

and (b) the P22 (units: gpm), (¢) and (d) as in (a) and (b), respectively, but derived from
the NCEP-NCAR reanalysis data the regression on (¢) the M21 and (d) the M22, respectively

(the yellow- and green- shaded areas denote that height anomalies are significant at the 95%

and 99% confidence levels, respectively)
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on the P31 and the P32, (c¢) normalized time series of the P31 (solid line) and the P32

(dashed line) with their correlation being —0.25, (d) 5-year running means of the normalized

time series of the P31 (solid line) and the P32 (dashed line)
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Fig. 6 Regression maps of Chinese summer
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Fig.7 Regression maps of Chinese summer rainfall, derived from a linear regression
on (a) the P31 and (b) the P32, respectively
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Fig. 8 (a) Regression maps of the spring mean SST, derived from a linear regression
on the P22, the yellow- and green- areas denote that spring SST anomalies are
significant at the 95% and 99% confidence levels, respectively, (b) normalized time
series of the P22 (solid line) and the spring PDO index (dashed line) with their correlation
being — 0. 45, (c¢) regression map of the spring mean snow-water equivalent on the P22,

the purple contours represent snow-water equivalent anomalies

significant at the 95% confidence level
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Fig. 9 (a) Spatial distributions of the correlations between the spring sea ice

concentration and the P32, the yellow (green) and red areas denote

that the correlations are significant at the 95% and 99 % confidence levels,

respectively, (b) spatial distribution of the EOF1 of the spring Arctic sea ice

concentration variability and (d) its normalized principal component

time series, (¢) and (e) as in (b) and (d) but for the EOF2 of the

spring Arctic sea ice concentration variability, respectively
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Fig. 10 (a) Normalized time series of the P31

(solid line) and the principal component of the
EOF2 of the spring Arctic sea ice concentration
variability with their correlation being 0. 61,
(b) regression map of summer mean 500 hPa heights,
derived from a linear regression on the EOF2 of
the spring Arctic sea ice concentration variability
(the yellow and green- areas denote that height
anomalies are significant at the 95% and 99% confidence

levels, respectively, the contour is in the interval of 3 gpm)
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