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Can the Arctic Oscillation impact the East Asian summer monsoon?
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quent changes and get a robust signals at inter-annual
time scale, a high-pass 9-point Gaussian digital filter with
the weights of 0.01, 0.05, 0.12, 0.20, 0.24, 0.20, 0.12, 0.05
and 0.01 is applied to all data. This filter removes the
variations longer than 10 years and remains the interannual changes.

1. Introduction

3. Results

This short note is summary of an article about the
possible influence of Arctic Oscillation on the East Asian
summer monsoon and monsoon rainfall we have recently finished.

It is widely recognized that the eastern Asian summer monsoon rainfall (Mei-Yu in China, Baiu in Japan
or Changma in Korea) is most manifest along the Yangtze River valley and the southern Japan. On the interannual time scale, the long-term summer rainfall time
series (six stations’ mean, position see Figure 1) of Yangtze River valley are correlated to May AO index at a very
high correlation coefficient of -0.39 during 1899-1999, significant at 99% confidence level. The AO signal in summer monsoon rainfall also shows zonal features over East
Asia. Corresponding to one standard deviation stronger
AO index there are about 20-40mm decreasing in summer rainfall over regions extending from Yangtze River
valley to the southern Japan, and a 10-30mm increasing
over the sorthern China. These changes are significant
at 95% confidence level.

In recent years there has been great interest in the
Arctic Oscillation (AO) (Thompson and Wallace, 1998).
Numerous studies have documented the strong influence of AO on the surface climate over the middle to
high northern latitudes. These AO-related climate
changes involve surface air temperature, precipitation,
sea-ice over north polar and sub-polar regions, atmospheric circulation in lower troposphere including East
Asian winter monsoon, Aleutian Low, Siberian High etc,
and the extreme events including storms, cold waves and
blocking activity (e.g., Thompson and Wallace, 2000,
2001; Gong et al., 2001; Boer et al., 2001).
However, these previous studies primarily focused on the simultaneous relationship, i.e., the AO’s
climate impacts in wintertime. Here we show evidence
displaying the significant relationship between spring
AO and East Asian summer monsoon and monsoon rainfall.
2. Data and method
AO indices are represented by the leading principal component time series of the monthly mean Northern Hemisphere (poleward 20ºN) sea level pressure field
and available for period 1899-1999 (Thompson and
Wallace, 1998). Six stations’ rainfall data are selected.
They are located over Yantgze River valley (east of 100ºE)
and with seasonal rainfall record available for 1880 to
1999 (Wang et al., 2000). These six stations can represent
the Mei-Yu rainfall features faithfully due to the high
consistent variations of summer rainfall over this region
as the empirical orthogonal function analysis revealed
(Nitta and Hu, 1996). An historical monthly precipitation dataset for global land areas from 1900 to 1998 is
also used here, which is gridded at a 5º latitude by 5º
longitude resolution (Hulme, 1996). The 200hPa zonal
wind data are taken from NCEP/NCAR reanalysis data
sets for the period 1958-1999. Since there is strong interdecadal variability in summer monsoon and rainfall
which is usually attributed to the tropical sea surface
temperature anomalies (Weng et al., 1999; Hu, 1997), in
order to remove the possible influence of this low-fre-
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Fig. 1: Changes in summer precipitation (mm) corresponding to a one standard deviation of the May AO index. Computed over the period 1900-1998. All data are filtered to
remove the low frequent variations, the first and last 4 years
are discarded after filtering to avoid the edge effect. Grey
squares indicate the grids with data availability above 95%
in entire period. Regions above 95% confidence level shaded.
Precipitation data are taken from Hulme (1992). Six stations along Yangtze River valley are also shown as filled
circles (Wang et al., 2000). Contour interval is 10mm. Zero
contours are omitted.
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Two major large-scale circulation systems dominate the East
Asia summer monsoon rainfall,
70N
one is the East Asian jet stream
and the other is the western Pacific subtropical high (Liang and
50N
Wang, 1998). Previous studies
indicated that the location of jet
stream plays an important role
30N
in rainfall through direct and indirect circulation anomalies. It is
found that the changes of sum10N
mer 200hPa zonal wind are
strongly related to the AO of
10E 40E 70E 100E 130E 160E 170W 140W 110W 80W 50W 20W
May. Regression analysis shows
Fig. 2: Changes in summer zonal wind (m s-1) at 200hPa associated with a one standard that a pattern indicating a
deviation anomaly in the May AO index. Prior to regression the AO time series are nor- anomalous easterly around
malized. All data are filtered to remain only the inter-annual variation. Computed over 30ºN-35ºN and a stronger zonal
the period 1958-1999. Zonal winds are taken from NCEP/NCAR reanalysis data. The wind along 40ºN-50ºN in the
contour interval is 0.5 m s-1 per standard deviation of May AO. Zero contours are omit- East Asia is closely related to a
higher positive mode of AO
ted. Regions below –0.5 m s-1 and above +0.5 m s-1 are shaded.
(Figure 2). This pattern is consistent very well with the relationship between summer
monsoon rainfall and the East Asian jet stream.
Reg. (AO, U200)

The anomalous zonal wind, meridional and vertical wind in the boreal summer averaged over the domain of 110ºE-150ºE are regressed onto the May AO index (Figure 3). Results also display the well-defined features. Three cells are clearly described. Anomalous easterly with the concurrently strong descending motion are
predominant around 30ºN. The strong westerly to the
north and the relatively weaker one to the south are also
significant in the upper level, whereas the contours extend to the lower troposphere. The wind anomaly structure generally shows an equivalent barotropic vacillation with the largest covariance at ~200hPa. Evidently,
the north-south displacement of the zonal wind jet appears at almost all pressure levels throughout troposphere.
All these consistent changes show that a stronger
May AO is associated with a northwards movement of
the summer jet stream, and a strong easterly as well as
significant descending motion around 30ºN. That gives
rise to a drier condition in Yangtze River valley and a
wetter anomaly over the southern China and far eastern
Russia.
Fig. 3: Cross section of the zonal mean zonal wind (u), meridional wind (v) and vertical motion (ω) over East Asia (110ºE150ºE) regressed onto the May AO index. The u is shown as
the contours with interval of 0.3 m s-1. Zero lines are bold,
easterly are shown in dashed lines. Regions above 95% confidence level are shaded. The covariance of v and ω are shown as
vectors. Values are m s-1 (for u and v ) and hPa s–1 (for ω),
corresponding to a one standard deviation anomaly in the May
AO index. Before regression the AO index are normalized.
The values of largest vectors are 0.47 m s-1 for v and
4.3 10-3hPa s-1 for ω.

How can AO in spring impact the summer monsoon circulation? Some possible mechanism are suggested, including the jet-tropical sea surface temperature
interaction (Lau et al., 2000), AO signal’s downward
propagation from the stratosphere (Baldwin and
Dunkerton, 1999), wave-mean flow interaction, land surface process-atmosphere interaction (Yang and Lau,
1998). However, the responsible mechanisms are still
open questions.
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