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[1] A statistical relationship between spring Arctic sea ice
concentration (SIC) and Chinese summer rainfall is identified
using singular value decomposition (SVD). Results show
that decreased (increased) spring SIC in the Arctic Ocean and
the Greenland Sea corresponds to increased (decreased)
summer rainfall in northeast China and central China
between the Yangtze River and the Yellow River (28�–
36�N); and decreased (increased) rainfall in south China.
Corresponding summer 500 hPa height anomalies show a
Eurasian wave train structure, which originates in northern
Europe and extends southeastwards to northeast China, and a
south-north dipole structure over East Asia south to Lake
Baikal. Such a spatial distribution of 500 hPa height
anomalies and corresponding summer rainfall anomalies
cannot be entirely attributed to the impact of East Asian
summer monsoon (EASM) variability. The spring Arctic SIC
provides a complementary precursor for Chinese summer
rainfall variability. The combined impacts of both spring
Arctic SIC and Eurasian snow cover on the Eurasian wave
train may explain their statistical linkage. Citation: Wu, B.,

R. Zhang, B. Wang, and R. D’Arrigo (2009), On the association

between spring Arctic sea ice concentration and Chinese summer

rainfall, Geophys. Res. Lett., 36, L09501, doi:10.1029/

2009GL037299.

1. Introduction

[2] The role of Arctic sea ice in the Earth’s climate
system has been extensively investigated using observations
and simulations [Walsh, 1983; Honda et al., 1996; Rigor et
al., 2002; Alexander et al., 2004; Deser et al., 2004;
Magnusdottir et al., 2004; Wu et al., 2004]. Yet, the
association of Arctic sea ice with Chinese summer rainfall
and East Asian summer monsoon (EASM) is still unclear
and not well studied. Limited research [Niu et al., 2003] has
shown that reduced spring sea ice extent in the Bering and
Okhotsk seas corresponds to enhanced June–July rainfall in
southeast China. However, spring sea ice variability is
generally out of phase between the Bering and Okhotsk
seas, thus grouping them together is inappropriate [Cavalieri
and Parkinson, 1987; Fang and Wallace, 1994]. The moti-
vation of this study is to assess potential predictors for
Chinese summer rainfall variations. We therefore investigate
a statistical linkage between Arctic sea ice variability in the

boreal spring (March–May) and Chinese summer rainfall.
Because Arctic sea ice concentration (SIC) variations typi-
cally have a more substantial impact on the atmospheric
circulation than sea ice extent variations [Alexander et al.,
2004] we focus herein on spring Arctic SIC variability.

2. Data and Method

[3] The primary datasets used in this study are the
monthly mean Arctic SIC dataset (on a 1� latitude � 1�
longitude grid for the period 1961–2007), obtained from
the British Atmospheric Data Centre (BADC, http://badc.
nerc.ac.uk/data/hadisst/), and a monthly 513-station rainfall
dataset for China, obtained from the National Meteorolog-
ical Information Centre of China, spanning the period from
1968 to 2005. The sea level pressure (SLP), 850 hPa winds,
and 500 hPa geopotential heights are obtained from the
National Center for Environmental Prediction (NCEP) and
the National Center for Atmospheric Research (NCAR)
reanalysis datasets for the period of 1968–2007. The
monthly mean snow water equivalent (SWE) dataset was
derived from National Snow and Ice Center during the
period from 1979 to 2004 [Armstrong et al., 2005]. The
SWE data have been converted to 1� � 1� grids in this
study.
[4] To reveal the dominant modes of co-variability be-

tween spring Arctic SIC and Chinese summer rainfall, we
used the singular value decomposition (SVD) method.
Additionally, we applied empirical orthogonal function
(EOF) analysis (based on the correlation matrix) to extract,
respectively, dominant modes of spring Arctic SIC variabil-
ity and Chinese summer rainfall variability. In this study, we
focus on interannual variability of the seasonal means,
averaged for three spring (March–May) and three summer
(June–August) months.

3. A Statistical Linkage Between Spring Arctic
SIC and Chinese Summer Rainfall

[5] Figure 1 shows the time series and corresponding
spatial distributions of the leading SVD between spring
Arctic SIC and China summer rainfall, which accounts for
19% of their co-variance. Both Arctic SIC and summer
rainfall in the leading SVD display a coherent interannual
variability (the correlation is 0.83, Figure 1a) and apparent
interdecadal variations with turning points occurring around
1978 and 1992, respectively. For spring SIC, negative
phases were frequent during the periods 1968–1978 and
1993–2005, and separated by dominant positive phases.
The corresponding SIC anomalies were positive in most of
Eurasian marginal seas, with negative SIC anomalies in the
Arctic Basin, the Beaufort Sea, and the Greenland Sea
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