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ABSTRACT

Rased on the Antarctic sea-ice coverage reanalysis data from the Hadley Center and other ohservational
data during the 30-year period from 1969 to 1998, it is shown that Antarctic sea-icc coverage exhibits
considerablc interannual variability with a complex relation to El Nifio and the South Oscillation (ENSO).
Besides this, the ice maintains the seasonal persistence of the atmospheric circulation in high latitudes
af the Southern Hemisphere. Thus it can be used as a predictor in short-term climate prediction. Both
correlation and time series analyses demonsirate that summer rainfall in eastern China is closely related
to Antarctic sea-ice coverage. When it is extended during boreal spring through summer, there is more
rainfall in the lower reaches of the Yellow River of North China, and in contrast, less rainfall is found in the
Zhujiang River basin of South China and Northeast China. A further analysis indicates that this rainfall
pattern is related to the intensity of the East Asian summer monsoon caused by interannual variability of

Antarctic sea-ice coverage.
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1. Introduction

The great Autarctic ice sheets and the surround-
ing southern ocean environs are large heat sinks in the
global heat budget. Satellite observations have shown
that the Antarctic sea-ice undergoes a pronounced in-
terannmal variability superimposed on the annual cy-
cle. Such variations result in strong surface heat bud-
get changes over the southern ocean, and the redistri-
bution of local heat sinks may alter the large-scale cir-
culation thus affecting weather and climate in regions
far away from the Antarctic {Bromwich and Parish,
1998; Yuan and Martinson, 2000). In particular, the
role of the Antarctic sea-ice changes on the East Asian
summer monsoon and summer rainfall in China has
been increasingly recognized. Fu (1981) noted the pos-
sible linkage between Meiyu in the Yangtze River val-
ley and the Antarctic sea-ice coverage during the end
of the proceeding year. Based on more reliable Antarc-
tic sea-ice data, the relationships between Antarctic
sea-ice coverage and the number of tropical cyclones
landing in China and the western Pacific subtropical
high were further validated. (Zkao and Ji, 1989; Peng
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and Wang, 1989). More recently, our study on the
seasonal division of the general circulation of the at-
mosphere showed that in the lower troposphere, the
southern winter circulation is first established over
the Antarctica and its surrounding areas by the end
of March, resulting in the establishment of the Asian
summer monsoon circulation throngh cross-equatorial
currents {Xue et al., 2002). In addition to the cbser-
vational study, the influence of Antarctic sca-ice on
the general circulation of the atmosphere and global
climate is also substantiated in numerical experiments
(Yang and Huang, 1992; Yang and Xie, 1993; Chen et
al., 1996).

While the earlier studies provide us some sugges-
tive clues, uncertainties exit due to sparse and reia-
tively short observations in the Antarclic region. It
is therefore necessary to validate or modify the afore-
mentioned conclysions using the most up-to-date ob-
servational data. In particular, the mechanism of how
the Antarctic sea-ice influences the East Asian swnmer
monsoon and summer rainfall in China is not fully un-
derstood. Tor this purpose, the Autarctic sca-ice data
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and China precipitation data from 1969 to 1998 are
used to investigate the influence of Antarctic sea-ice
on summer tainfall in China, in order to better under-
stand the physical mechanism responsible for interan-
nual variahility of summer rainfall in China.

2. Data description

The analyses in this study are based on several
datasets. The Antarclic sea-ice data consists of the re-
analysis products from the Hadley Center for Climate
Prediction and Research, with a resolution 1° x 1°,
for the 30-year period from 1969 to 1998. The ice
coverage is represented with index values of 0, 1, 2,
.1y 10, and the total coverage is thus obtained us-
ing an equal-arca mean within high latitudes of the
Southern Hemisphere (Parker et al., 1995; Rayner et
al., 1996). The monthly mean sea level pressure data
are taken from the National Center for Environmental
Prediction/National Center for Atmospheric Research
(NCEP/NCAR) on a resclution of 2.5° x 2.5° during
the same period (Kalnay et al., 1996).

Monthly mean rainfall data of 160 stations in
China during June, July, and August (JJA) from 1969
to 1998 were compiled by the China Mcteorological
Administration. The geographical distribution of the
160 stations is generally uniform, especially in the east-
ern part of China. As a complementary dataset, the
monthly rainfall index ~ in 15 regions reorganized by
the National Climate Center of China is also used in
the analysis {Chen and Zhao, 2000). The index ~ is
defined as

1< R; nt
== = + — | x 100%, 1
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where R; is monthly mean rainfall, R, the multi-year
mean of f;,n the total number of stations in one re-
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gion, i the station index, n™ the total number of sta-
tions for which the monthly mean rainfall anomaly is
greater than or equal to zero (e, AR; > 0). Obvi-
ously, the first term on the right side represents the
mean rainfall intensily in the region, and the second
term represents the range of positive rainfall anomaly.
Therefore, rainfall in one region can be cvaluated well
using the rainfall index.

3. Interannual variability of Antarctic sea-ice
and persistence of general circulation of the
atmosphere

Figure 1 shows the normalized total Antarctic sea-
ice coverage (ASI) in JJA during the period 1969 to
1998, together with their corresponding counterparts
in March-April-May (MAM) and December-January-
February (DJF) for comparison. ASI exhibits consid-
erable interannual variability in all three seasons. It is
also noted that ASI tends to be extended in some La
Nifia years while it tends to retreat in some El Nino
years during the concerned period (Wang and Gong,
1999). On the other hand, no significant change in ASI
is found in the strong El Nifio event around 1982 and
1983 while the negative ancmaly in 1980 has nothing
to do with El Nifio or La Nifig, so that ASI seems to
be unstably correlated with the ENSO cycle on an in-
terannual timescale, and more importantly, it is not
entirely a “slave” to ENSO. On a seasonal timescale,
ASI in MAM is in good agreement with that in JJA
with a correlation coefficient as high as 0.84. ASI in
DJF is also positively correlated with that in JJA ex-
cept for the significant differences around 1975 and the
early 1990s, with a relatively lower coefficient of 0.45.
This fact indicates that ASL can be used as a good
predictor for seasonal or even extra-seasonal forecasts.
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Fig. 1. Time series of the normalized total Antarctic sea-ice (ASI) from 1969 to 1998, the solid, dashed,
and dotted lines represent the June-July-August (JJA), March-April-May (MAM), and December-Jannary-
Febrnary (1}JF) seasonal means, respectively. The ordinate represents the magnitude of ASIL
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As shown in Fig. 2, the correlation coefficient of
sea level pressure between JJA and MAM can be used
to evaluate the seasonal persistence of general circu-
lation of the atmosphere. There exists a significant
persistence in the tropics due to the thermal inertia of
the tropical oceans. Besides, the large-scale seasonal
persistence in high latitudes of the Southern Hemi-
sphere and the Anlarctic obviously indicates the lag
effect of ASI on the atmospheric circulation similar to
the tropical occans. In fact, the similar phenomenon
was already noted in a numerical experiment of atmo-
spheric general circulation model (Wang, 1999}, Over
the East Asian summer monsoon region, however, sca-
sonal correlation is very weak due to the significant
seasonal changes there. It should be noted that the
strong correlation in western China is probably caused
by errors due to the tepographic effect in the reanalysis
data. In high latitudes of the Northern Ilemisphere,
the influence of snow and ice near the Arctic can be
detected from the negative correlation with less sig-
nificant values confined to small regions. As a result,
the Arclic sea-ice is less valuable compared with its
Antarctic counterpart for short-term climate predie-
tion.

4. Interannual variability of Antarctic sea-ice
and summer rainfall in eastern China

Figure 3 displays the correlation coefficient be-
tween summer rainfall in eastern China and ASI in
JIA, MAM, and DJF from 1969 to 1998. Except over
some regions in South China, the distributions of Fig.
3a and Fig. 3b are found to be generally similar be-
cause of the very high correlation between JJA and
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MAM for ASI as stated in the previous section. The
positive correlation extends over most of North China
with significant correlations in the Huaihe River valley
and lower reaches of the Yellow River, and the negative
correlations are located in South China and Northeast
China. These correlation patterns seem to be con-
nected, to some degree, with the second category of
suminer rainfall pattern in China as reviewed by Chen
and Zhao (2000). On the other hand, the correlation
patterns in Fig. 3c are somewhat different from those
in the above two figures, namely, the positive correla-
tions are situated in Northeast China and the middle
and lower reaches of the Yangtze River. In particular,
it is worth noting that the positive and negative corre-
lations are maintained respectively in lower reaches of
the Yellow River of North China and in the Zhujiang
River basin of South China during DJF through JJA,
though they arc not so significant in some seasons.
This result indicates that AST is especially valuable
for summer rainfall prediction in the two regions.

In order to further explore the relationship between
summer rainfall in China and ASI, Fig. 1 shows the
normalized rainfall index in South China (Huanan) in
June and North China (Huabei) in July, when the ma-
jor flood period occurs, together with the correspond-
ing ASI in MAM. Clearly, the tendency of rainfail in
South China is gencrally opposite to ASI especially
after the 1980s, with a correlation coefficient of 0.41.
Iu contrast, the consistent tendency between rainfall
in North China and AST is evident in Fig. 4b, with a
cotrelation coefficient of 0.45. The result agrees well
with the one revealed from the correlation patterns.
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Fig. 2. Correlation coefficient of sea level pressure between JJA and MAM from 1969 to 1998, Regions

ahove the 93% significance level arc shaded.
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Fig. 3. Correlation coeflicient between JJA rain-
fall in castern China and Antarctic sea-ice in {a)
JJA, (b) MAM, and (c) DJF. Regious above the
95% significance level are shaded.

The influence of Antarctic sea-ice on surnmer rain-
fall in China can be explained with the following inter-
hemispheric teleconnection. As shown in Fig. 5, ASI
is positively correlated with sea level pressure in high
latitudes of the Southern Hemisphere and most regions
of the Pacific except in the southeastern Pacific. Neg-
ative correlations extend over the Asian-Australian-
African monsoon region especially in East Asia and
tropical Africa, although the correlation in the Ti-
betan Plateau and its neighboring regions is not fully
reliable. The above correlation pattern indicates that
when Antarctic sea-ice is extended, surface pressure
will be reduced in East Asia while being enhanced in
the North Pacific especially for the North Pacific sub-
tropical high. As such, the Fast Asian summer mon-
soon circutation will be intensified. Since North China
is located on the northern border of the East Asian
summer monsoon region, summer rainfall in North
China will increase with the extension of Antarctic
gea-ice.

5. Summary

We have provided a basic description of variabil-
ity of Antarctic sea-ice and its influence on summer
rainfall in eastern China. It is shown that due to the
influence of Antarctic sea-ice, the atmospheric circu-
lation in high latitudes of the Southern Hemisphere
possesses significant seasonal persistence during the
seasonal transition from DJF to JJA, and especially
frorn MAM to JJA. Therefore, ASI can be used as an
efficient predictor in short-term climate prediction.

Correlation analysis reveals the relationships be-
tween ASI and summer rainfall in Eastern China.
When ASI is extended during MAM though JJA, there
is more rainfall in the lower reaches of the Yellow River
of North China while there is less rainfall in the Zhu-
jiang River basin of South China and northeastiern
China. This is further demonstrated by a time se-
ries analysis for South China in June and North China
in July. Although correlation pattern in DJF is some-
what different from the one in JJA, positive or negative
correlations are still maintained in the above two re-
gions. ASI is therefore useful for summer rainfall pre-
diction. A further analysis indicales that when ASI is
extended, the East Asian summer monsoon circulation
will be intensified with a sea level pressure reduction
in Fast Asia and sea level pressure enhancement in the
North Pacific.

Although a controversy exits whether the extent
of Antarctic sea-ice is compatible with the increase of
surface air temperature during the last decades, the re-
treat of Antarctic sea-ice seems to be inevitable with
the global warming (Chapman and Walsh, 2000; Zhao
et al., 2001). With this understanding, the Fast Asian
summer monsoon will be weakened, thus the serious
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Fig. 4. Time veries of the normalized rainfall index in South China (a) and North China (b), respectively
(solid ling), compared to the corresponding Antarctic sea-ice in MAM (dashed line).
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Fig. 5. Correlation coefficient between sea level pressurc and Antarctic sea-ice in JJA from 1969 to 1998,
Regions above the 95% significance level are shaded.
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drought in North China will be further aggravated.
It is therefore suggested that the interactions of the
atmosphere-ocean-ice system in high latitudes of the
Southern Hemisphere deserve to be explored further
for a better understanding of the long-term trend of
summer rainfall in eastern China.
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