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ABSTRACT

In this study, the relationship between El Nino-Southern Oscillation (ENSO) and winter rainfall over
Southeast China (SC) is demonstrated based on instrumental and reanalysis data. The results show that
ENSO and SC winter rainfall (ENSO-SC rainfall) are highly correlated and intimately coupled through an
anomalous high pressure over the northwestern Pacific. In mature phase, El Nifio (La Nifna) events can
cause more (less) rainfall over SC in winter. Due to the persistence and spring barrier of ENSO, SC winter
rainfall has potential predictability of about half a year ahead with ENSO as a predictor.

Besides, the ENSO-SC rainfall relationship exhibits decadal variability, closer before the early 1970s
(0.47) and after the early 1990s (0.76), but weaker (0.12) between these times. In different periods, at-
mospheric teleconnection patterns have large differences and the predictability of SC winter rainfall also
changes dramatically. For the most recent 20 years, the ENSO-SC rainfall relationship is closest and the
prediction of SC winter rainfall anomalies based on ENSO is most creditable. In addition, the causes and
mechanisms of the decadal modulation of the relationship between ENSO and SC winter rainfall need to be

further studied.
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1. Introduction

El Nino-Southern Oscillation (ENSO), the strong-
est interannual air—sea coupled mode, exerts signifi-
cant impacts on global climate, including the East
Asian monsoon (Alexander et al., 2002). Previous
monsoon research has mainly focused on summer rain-
fall because of its enormous social and economic bene-
fits (e.g. Fu and Teng, 1988; Huang and Wu, 1989;
Ju and Slingo, 1995; Zhang et al., 1996; Webster
et al,, 1998; Tao and Zhang, 1998). Studies have
suggested that ENSO can affect East Asian climate
through Rossby waves mediated by the Pacific-East
Asian (EAP) teleconnection in the lower troposphere
(Wang et al., 2000). Based on singular value decom-
position (SVD) analysis, Lau and Weng (2001) found
that summer rainfall variability over China is associ-
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ated with several different global sea surface tempera-
ture (SST) modes, and the 1997/98 rainfall anomalies
over China can be explained by the mode representing
the growing phase of El Nino and the mode represent-
ing the transition from El Nino to La Nina phases,
respectively. In recent years, Yang et al. (2007) and
Xie et al. (2009) demonstrated that basin-wide SST
anomalies in the Indian Ocean can influence summer
rainfall over China via the “capacitor effect”. The
tropical Indian Ocean SST increases in response to the
atmospheric teleconnection forced by an El Nino event,
which is similar to a battery charging a capacitor. The
tropical Indian Ocean warming persists through the
following summer and exerts its climatic influence on
East Asia via the Pacific-Japan (P-J) teleconnection
after the El Nino event, like a discharging capacitor.
The capacitor effect appears to be stronger after the
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Fig. 1. (a) Locations of the 160 stations used for calculating precipitation in China (solid circles
denote stations in SC). (b) Winter total rainfall (contour intervals [CIs] at 20, 100 and 200 mm
contours are shown as thickened lines). (¢) Percentage of annual total rainfall in winter (ClIs at 2%,
6% and 12% contours are shown as thickened lines). (d) Standard deviation of winter rainfall (Cls
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at 10, 40 and 80 mm contours are shown as thickened lines).

1976 /77 Pacific decadal climate shift (Xie et al., 2010).
Impacts of ENSO on winter rainfall over China
have also been explored. However, compared to sum-
mer rainfall, the number of studies is far less, which
may be due to much less rainfall in the cold season.
In winter, total rainfall is generally less than 50 mm
(Fig. 1b), accounting for less than 5% of annual total
rainfall (Fig. 1c). Nevertheless, winter rainfall can to-
tal more than 100 mm, and the maximum value can
rise up to 260 mm in Southeast China (SC) (Fig. 1b),
which accounts for 10%-16% of annual total rainfall
(Fig. 1c). Meanwhile, the rainfall amplitude also dis-
plays large interannual variability and its standard de-
viation can reach 50-130 mm, about half of SC win-
ter total rainfall (Fig. 1d). Therefore, such rich winter
rainfall in SC should not be neglected, and studies on
the variability and predictability of SC winter rainfall
have distinct climatic, social and economic benefits.
Tao and Zhang (1998) discovered that winter rain-
fall over SC is more (less) during El Nifo (La Nifa)
years by composite analysis. Wu et al. (2003) stud-

ied the evolution of ENSO-related rainfall anomalies
in East Asia and pointed out the positive correlation
of ENSO and SC winter rainfall by conducting correla-
tion and SVD analyses between seasonal-mean rainfall
over China and SST fixed in winter. During El Nino
years, more rainfall over SC in winter was observed as-
sociated with anomalous low-level southwesterly winds
to the northwest flank of an anomalous anticyclone
over the northwestern Pacific (Wu et al., 2003; Zhou
et al., 2010; Zhou and Wu, 2010). Such anomalous
anticyclones, which are triggered by El Nino events,
helping us to understand the influences that El Nino
events have on summer rainfall anomalies over China
(Wang et al., 2000), can also be used to explain winter
rainfall anomalies over SC during El Nino years.
Previous studies on positive correlations between
ENSO and SC winter rainfall anomalies are useful for
predicting future SC winter rainfall anomalies. In fact,
SC winter rainfall anomalies can be predicted very well
based on ENSO in some years, but in other years,
ENSO is not so effective for projecting changes in
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SC winter rainfall anomalies. For example, SC win-
ter rainfall was less in the 1976/77 and 1986/87 El
Nino years. We found that the interannual relation-
ship between ENSO and SC winter rainfall exhibits
interdecadal oscillation, and atmospheric teleconnec-
tion displays large differences during different peri-
ods. Thus, it is more important to investigate the
low-frequency variability of the interannual relation-
ship between ENSO and SC winter rainfall.

This paper is organized as follows. A brief descrip-
tion of the data and methods are given in the next
section. In the third section, the dominant ENSO-SC
rainfall mode and the possible formation mechanism
are discussed. The fourth section demonstrates the
potential predictability of SC winter rainfall based on
ENSO. Interdecadal variability of the ENSO-SC rain-
fall relationship is given in the fifth section. A short
summary and further discussion are provided in the
last section.

2. Data and methods

To investigate the relationship between ENSO and
SC winter rainfall, monthly gauge-observed rainfall
data over China and global SST reanalysis data were
used. Monthly rainfall based on observations from 160
stations was adopted from the data center of the Chi-
nese Meteorological Administration (CMA) (Fig. 1a).
This rainfall dataset, from January 1951 to February
2011, has been used extensively in other studies (e.g.
Lau and Weng, 2001; Li et al., 2011; Li and Ma, 2011).
The monthly SST data were taken from the National
Ocean and Atmospheric Administration (NOAA) ex-
tended reconstructed SST (ERSST) dataset, pro-
vided by the NOAA-Cooperative Institute for Re-
search in Environmental Sciences (NOAA-CIRES)
Climate Diagnostics Center (Smith and Reynolds,
2003). The NOAA ERSST (version 3) data have a
resolution of 2°x2° and cover the period 1854-2011
(http://www.esrl.noaa.gov/psd/data/gridded/data.n-
oaa.ersst.html). In addition, monthly Kaplan SST
and Hadley Center Sea Ice and SST (HadISST)
data were also used to examine the reliability
of the relationship between ENSO and SC win-
ter rainfall. ~ Kaplan Extended SST (version 2)
data, taken from the NOAA-Earth System Re-
search Laboratory (NOAA-ESRL), have a reso-
lution of 5°x5° and cover the period 1854-2011
(www.esrl.noaa.gov/psd/data/gridded /data.kaplan s-
st.html) (Kaplan et al.,, 1998), while the
HadISST data, taken from datasets of Met Of-
fice Hadley Center observations, have a resolu-
tion of 1°x1° and cover the period of 1870-2011
(www.metoffice.gov.uk /hadobs/hadisst /data/downlo-
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ad.html) (Rayner et al., 2003). In order to study
the linkage between ENSO and SC winter rainfall,
monthly atmospheric reanalysis data (including geopo-
tential height, horizontal wind and specific humidity),
taken from the National Center for Environmental
Prediction/National Center for Atmospheric Research
(NCEP/NCAR) reanalysis dataset (Kalnay et al.,
1996), were also used, and these data have a reso-
lution of 2.5°x2.5° and cover the period 1948-2011.
In order to unify the time-span, all data used in this
study cover the period January 1951 to February 2011.

Empirical Orthogonal Function (EOF) analysis
was used to extract the dominant mode of global SST
and rainfall over China in boreal winter. To identify
the covariability relationship between rainfall and SST
anomalies, SVD analysis was employed following Lau
and Weng (2001), with a focus on boreal winter instead
of summer. It should be noted that winter and summer
are defined here as traditional December—January—
February (DJF) and June-July—August (JJA) means,
respectively. Both correlation and regression analy-
ses were applied to confirm the linkage between ENSO
and SC winter rainfall. To examine the stability of the
ENSO-SC rainfall mode, a running correlation with an
11-year moving widow was also used.

3. Dominant ENSO-SC rainfall mode

3.1 ENSO-SC rainfall mode

To study the relationship between global SST and
rainfall over China in boreal winter, EOF analyses
were first performed to extract the leading modes of
global SST and rainfall over China in winter, respec-
tively (Fig. 2). The leading EOF mode of SST explains
24.4% of total variance of global winter SST and shows
a typical El Nino-like SST pattern with strong warm
anomalies in the tropical central-eastern Pacific and
cold anomalies in both its flanks (Fig. 2a). In addition,
warm anomalies also occupied the entire Indian Ocean
basin (IOB), South China Sea (SCS), East China Sea
(ESC) and the tropical Atlantic, while high latitude
regions in both the northern and southern Atlantic fea-
tured weak cold anomalies. The leading EOF mode of
rainfall explains 49.3% of total variance of winter rain-
fall over China and is characterized by significantly
more rainfall over southeastern China (Fig.2b). The
principal components (PCs) of global SST and rainfall
over China are correlated at 0.47 during the past six
decades in winter (Fig.2c), exceeding the 99% confi-
dence level. The positive correlation between PCs of
global SST and rainfall over China indicates that warm
(cold) phases of the ENSO cycle correspond to more
(less) rainfall in SC.
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Fig. 2. Leading EOF modes of (a) winter global SST (CIs at 0.1°C and 0°C isotherms are shown
as thickened lines); (b) rainfall over China (CIs at 10 and 50 mm contours are shown as thickened

lines); and (c) their respective PCs.
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Fig. 3. Spatial heterogeneous pattern of the leading SVD mode of (a) SST; (b) rainfall over China
in boreal winter; and (c) their corresponding time series. Contour intervals at 0.1, 0 and 0.3 con-
tours are shown as thickened lines. Shaded areas exceed the 95% confidence level by the student’s

t-test.

To further confirm the covariability of ENSO and
SC winter rainfall, SVD analysis between the win-
ter rainfall over China and simultaneous global SST
anomalies was conducted (Fig.3). The leading SVD
mode accounts for 38.9% of the total squared covari-
ance, and explains 14.4% and 15.7% of the variances of
SST and rainfall, respectively. The SST pattern also
shows a typical El Nino-like pattern, with significant
warm anomalies in the tropical central-eastern Pacific,

the entire IOB, China marginal seas and the Kuroshio-
extension region, while the significant cold anomalies
occupy the tropical western Pacific. As for the spa-
tial pattern, SST of the leading SVD mode pattern is
highly correlated with that of the leading EOF mode
at 0.76 (Fig.2a vs Fig.3a). Coupled with the typical
El Nino-like SST pattern, the heterogeneous rainfall
pattern shows more rainfall localized over the SC re-
gion, while a little less rainfall distributed over central
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Fig. 4. Normalized SC winter rainfall index (solid line) and Nino-3 index

(dashed line).

and northeastern China (Fig.3b). Also, with respect
to the spatial pattern, rainfall over China in boreal
winter of the leading SVD mode is highly correlated
with that of the leading EOF mode at 0.63 (Fig.2b
vs Fig. 3b). The corresponding time series of the lead-
ing SVD mode between global SST and rainfall over
China are correlated at 0.63 (Fig.2c), exceeding the
99% confidence level. Our SVD analysis further in-
dicates that ENSO and SC winter rainfall work as a
pair of covariant modes, and we call this the ENSO-SC
rainfall mode.

The leading modes of EOF and SVD analyses may
be artificial, due to the mathematical influence of the
two statistical methods. To remove such an influence,
time series of Nino-3 SST and SC winter rainfall in-
dices [averaged from rainfall observations across 28
stations (Fig. la with close cycle)] are shown in Fig. 4.
Nino-3 and SC winter rainfall indices show the covari-
ant interannual variability and significantly correlate
at 0.50 in the past six decades, exceeding the 99%
confidence level. This further supports the relation-
ship between ENSO and SC winter rainfall indicated
by the EOF and SVD analyses reported above.

However, our results may depend on the SST data
itself. Therefore, to check the objectivity of the covari-
ant mode between ENSO and SC winter rainfall, EOF
and SVD analyses were repeated based on the Kaplan
SST and HadISST data (not shown).The results were
generally consistent with each other, and thus the co-
variant mode of ENSO-SC winter rainfall is a robust
mode.

3.2 Possible mechanism of the ENSO-SC
rainfall mode

So far, it remains unclear as to what the mecha-
nisms conveying the remote influences of the ENSO to
the SC region are, and how this affects local precipi-
tation. It is conceivable that mature El Nino can trig-

ger Rossby waves propagating westward (Wang et al.,
2000), setting up an anomalous anticyclone by local
positive wind-evaporation-SST (WES) feedback (Xie
and Philander, 1994) in the northwestern tropical Pa-
cific. During the mature phase of El Nino events, the
tropical central-eastern Pacific is covered by warm SST
anomalies, which induce cold SST anomalies in the
western Pacific. The western North Pacific anticyclone
is first originated from anomalous cooling in the west-
ern Pacific, and positive ocean—atmosphere coupled
thermodynamic feedback works to amplify and prop-
agate the initial anticyclone, finally producing a mas-
sive western North Pacific anticyclone. It should be
noted that besides local cold SST anomalies, central-
eastern Pacific warming also plays an important role
in the development and maintenance of Philippine an-
ticyclones. The mechanism was used to understand
the influences of ENSO on summer rainfall over China
(Wang et al., 2000). However, the mechanism may also
be used to explain impacts of mature ENSO on win-
ter rainfall over the SC region (Wu et al., 2003; Zhou
and Wu, 2010). To demonstrate this fact, geopoten-
tial height, horizontal wind and whole-layer moisture
transport are regressed against DJF Nino-3 SST index
(Figs. 5, 6), respectively.

The atmospheric circulation shows quasi-
barotropic anomalies with an anomalous ridge stretch-
ing northwestward in the Northwest Pacific and a
strong (weak) anomalous trough over the Aleutian low
region (continental China), while the amplitudes are
enhanced from low to high levels (Fig. 5). The anoma-
lous ridge weakens the East Asian trough, reduces
meridional air mass exchange, and further weakens
the East Asian winter monsoon, so causing anomalous
warming over China in winter (not shown), which is
consistent with previous studies. At the upper level
in the troposphere, associated with the anomalies low
over continental China and the anomalous ridge in the
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mid-latitude northwestern Pacific, there exhibits cor-
responding cyclonic and anticyclonic wind anoma-
lies, respectively (Figs.5a and 6a). Similarly, at the
lower level, the anomalous weak trough is related to
the cyclonic wind anomalies over the SC region and
the anomalous high corresponds to anticyclonic wind
anomalies (Figs. 5c and 6b) in the Northwest Pacific.
The anomalous trough in the SC region and ridge in
the Northwest Pacific work jointly to cause the south-
westerly wind anomalies in the northwestern flank of
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the anomalous anticyclone in the Northwest Pacific,
and such anomalous southwesterly wind transports
moisture and induces moisture to converge toward the
SC region (Fig.6¢), which favors more winter rain-
fall over the SC. Therefore, the anomalous anticyclone
plays a vitally important role in linking ENSO with
SC winter rainfall anomalies (Wu et al., 2003; Zhou et
al., 2010).
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4. Potential predictability of SC winter rain-
fall

Our above-reported analyses indicate that the co-
variant relationship between ENSO and SC winter
rainfall is robust in winter. Given this, it becomes
important to ask whether SC winter rainfall can be
predicted by ENSO-related SST anomalies in the trop-

ical central-eastern Pacific. If yes, how far ahead can
SC winter rainfall be predicted? To assess the poten-
tial predictability, lagged regressions of tropical Pacific
SST against the SC winter rainfall normalized index
were calculated (Fig. 7).

The significant correlation first emerges near the
Nino-3.4 region (5°S-5°N, 170°-120°W) in early sum-
mer (May—June-July; MJJ) (Fig.7c), which implies
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there is a maximum seven months potential pre-
dictability. In fact, the correlation in the Nino-3.4 re-
gion only exceeds the 95% confidence level and can-
not pass the 99% level in MJJ. Later, the correla-
tion gradually becomes more and more significant and
extends eastward from the central to eastern tropi-
cal Pacific with the development of the ENSO event.
In summer (JJA), the significant correlation extends
eastward to 100°W and appears exceeding the 99%
confidence level in the Nifio-3.4 region (Fig.7d). In
late summer (July—August—September; JAS), the sig-
nificant correlation further extends to the east coast
of the tropical Pacific and exceeds the 99.9% confi-
dence level in the Nino-3.4 region (Fig. 7e). In autumn
(September—October—November; SON), the high cor-
relation region spreads to the entire tropical central-
eastern Pacific (Fig. 7g), and then maintains to reach
the mature phase of ENSO in winter (Figs. 7Th-j).

The above-reported correlation analyses suggest
that SC winter rainfall may be predicted by ENSO for
six—seven months ahead. The lagged correlation of the
SC winter rainfall index with the Nino-3 and Nifio-3.4
SST indices further confirm the prediction timescale
of SC winter rainfall (Fig. 8).

However, it remains elusive as to why the predic-
tion timescale is about six—seven months ahead. In
order to address this question, the persistent barrier
was examined by calculating the autocorrelations of
the Nino-3 SST index (Table 1), following Chen et al.
(2007) and Li et al. (2011). In Table 1, the autocor-
relations that exceed the 1% level of statistical signif-
icance are highlighted. To evaluate the significance of
the autocorrelation coefficients, the freedom was es-
timated following Bartlett (1935). The length of the
highlighted column for a particular month can be re-
garded as a measure of SST memory starting from that
month (Lau and Yang, 1996). It can be seen that the
Nino-3 SST anomalies originated from early summer
can persist to winter. However, starting in spring and
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the previous winter, the significant autocorrelation of
the Nino-3 index cannot easily move over spring, which
implies a spring barrier of ENSO prediction (Webster
and Yang, 1992).

It is interesting that early summer, when SST
anomalies in the tropical central-eastern Pacific have
their earliest potential prediction for SC winter rain-
fall, is the beginning season of ENSO development.
Numerical studies have demonstrated that a credible
skill level of ENSO prediction is at most six months
ahead by multi-model ensemble (MME) forecasts (Jin
et al., 2008). Therefore, the predictability of SC winter
rainfall may still depend on the skill of ENSO predic-
tion.

5. Decadal variability of the ENSO-SC rain-
fall relationship

Our statistical analyses demonstrate that the rela-
tionship between ENSO and SC winter rainfall shows
a dominant covariant mode, and the two elements of
the relationship are linked by anomalous anticyclones
in the northwestern Pacific. In the past six decades,
however, global surface temperature has been increas-
ing and Pacific climate experienced a decadal regime
shift in 1976/77. Under such a scenario, it is inter-
esting to question whether the ENSO-SC winter rain-
fall relationship displays decadal variability over a long
timescale.

To answer this, we performed 11-year running cor-
relations for Nino-3 and SC rainfall indices, temporal
coefficients of the leading SVD modes between global
SST and rainfall over China, and PCs of the leading
EOF mode of global SST and rainfall over China in
boreal winter, respectively (Fig.9). In all three time
series, the correlations appear to be consistently signif-
icant before the early 1970s and after the early 1990s,
but weaker between these times. Obviously, the three
time series were obtained by three different methods,
but all the correlations show similar decadal variabil-
ity, which indicates that the decadal change of the
ENSO-SC winter rainfall mode relationship is robust.
Accordingly, we divided the six decades into three 20-
year winters (1951/52-1970/71, 1971/72-1990/91 and
1991/92-2010/11) to examine the spatial differences
of the ENSO-SC winter rainfall mode, respectively.

From 1951/52 to 1970/71, ENSO and SC winter
rainfall indices are correlated at 0.47, exceeding the
95% confidence level. The spatial correlation of global
SST and the SC winter rainfall index is similar to the
central-Pacific El Nino-like pattern, with a significant
positive correlation in the Nino-3.4 region and extend-
ing northeastward to the Californian coast, and a neg-
ative correlation surrounding the Pacific warm pool re-
gion (Fig. 10a). In addition, SST's in the SCS and ESC
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Table 1. Autocorrelations of the Nino-3 SST index for 1951-2010 as functions of the 12 calendar months with lagged

time of 1-12 months. Autocorrelation coefficients significant at the 99% level are denoted by bold font.

Jan Feb Mar Apr May Jun
Feb 0.93
Mar 0.84 0.90
Apr 0.56 0.70 0.81
May 0.37 0.50 0.68 0.85
Jun 0.13 0.24 0.40 0.61 0.87
Jul —0.03 0.08 0.23 0.49 0.70 0.88
Aug —0.05 0.06 0.22 0.49 0.68 0.84
Sep —0.04 0.01 0.22 0.45 0.66 0.81
Oct —-0.10 —0.05 0.12 0.36  0.62 0.80
Nov —0.10 —0.06 0.10 0.34 0.61 0.78
Dec —-0.12  —0.08 0.08 0.32  0.60 0.80
Jan —-0.16  —0.12 0.03 0.28 0.53 0.74
Feb —0.10 0.03 0.23 0.45 0.64
Mar 0.01 0.21 0.45 0.58
Apr —0.02 0.22 0.27
May 0.03 0.07
Jun —-0.17
Jul
Aug
Sep
Oct
Nov
Dec

are also correlated significantly to SC winter rainfall.
Meanwhile, the significant correlation of winter rain-
fall over China and the Nino-3 index resides mainly in
the SC region and the western part of Inner Mongo-
lia (Fig. 10b). During this period, in the warm phase
of the ENSO cycle, a strong anomalous high reduces
the East Asian trough and decreases meridional trans-
port of cold air (Fig.11a), thus weakening the East
Asian winter monsoon (Fig. 12a). The anomalous anti-
cyclone wind over the Philippines transports moisture
toward the SC area (Fig. 12a) and then increases rain-
fall there (Fig.10b), accompanied by a weak anoma-
lous trough extending from western Inner Mongolia
southward to the Indo-China peninsula (Fig. 11a).
From 1971/72 to 1990/91, the ENSO and SC win-
ter rainfall indices are weakly related at 0.12, which is
also supported by spatial correlation of global SST and
the SC winter rainfall index (Fig.10c). During this
period, ENSO can significantly decrease rainfall over
the vicinity of the Yellow River loop valley (YRLV)
and increase rainfall over southwestern China, with
no significant correlation in SC (Fig.10d). In these
20 years, during the warm phase of the ENSO cycle,
the East Asian trough deepens in the north and weak-
ens in the south, and thus an anomalous trough ex-
tends from Northeast and North China to the south-
west (Fig.11b). Due to the weak anomalous anticy-
clone, the East Asian monsoon has not been obviously

Jul Aug Sep Oct Nov Dec
0.96
0.88 0.91
0.87 0.89 0.95
0.84 0.87 0.92 0.98
0.83 0.86 0.89 0.96 0.98
0.78 0.81 0.86 0.94 0.95 0.96
0.72 0.75 0.77 0.86 0.85 0.88
0.66 0.66 0.70 0.77 0.77 0.78
0.34 0.35 0.36 0.45 0.44 0.47
0.11 0.09 0.15 0.24 0.23 0.26
—0.16 —-0.17 —0.09 —0.01 0.01 0.03
—0.22 —0.24 —0.20 —0.12 —0.10 —0.12
—-0.24 —0.21 —0.13 —0.12 —-0.14
—-0.14 —0.09 —0.08 —0.11
—0.14 —0.13 —0.15
—-0.14 —0.16
—0.17

weakened (Fig.12b). The YRLV is located near the
anomalous trough and therefore winter rainfall is de-
creased there (Fig. 10d).

From 1991/92 to 2010/11, the ENSO and SC win-
ter rainfall indices are highly correlated at 0.76, ex-
ceeding the 99.9% confidence level. The spatial cor-
relation between global SST and the SC winter rain-
fall index exhibits a typical eastern-Pacific El Nifio-
like pattern, with a significant positive correlation
in the Nino-3 region and a negative correlation sur-
rounding the Pacific warm pool (Fig.10e). During
this period, it is interesting that IOB SST appears
to correlate significantly with SC winter rainfall, while
there seems to be no significant correlation in the SCS
and ESC. Moreover, a significant positive correlation
appears from the SC region extending northward to
North China, and a negative correlation over North-
east China between winter rainfall over China and the
Nifio-3 index (Fig. 10f). In the most recent 20 years, in
the warm phase of the ENSO cycle, an anomalous high
stretches northwestward and weakens the East Asian
trough, with a weak anomalous low laying in the south
(Fig.11c). Meanwhile, more moisture is transported
by the anomalous anticyclone toward the SC region
(Fig. 12¢), converging over the SC and then increasing
SC winter rainfall.

This analysis indicates that the relationship be-
tween ENSO and SC winter rainfall has undergone
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Fig. 11. Regression of geopotential height at 500 hPa on
PC1 of global SST for (a) 1951/52-1970/71; (b) 1971/72—
1990/91; and (c) 1991/92-2010/11. Shadings denote re-
gions with correlation significant at the 95% confidence
level.

three different stages during the past six decades, with
different atmospheric patterns and teleconnective pro-
cesses in each stage. During every stage, the pre-
dictability of SC winter rainfall based on ENSO also
shows dramatic differences (Fig.13). For the first 20
years, SC winter rainfall has a potential predictability
of half a year ahead, but the credibility of the pre-
diction is low, reaching only the 90% confidence level.
For the middle 20 years, SC winter rainfall seems un-
able to be predicted by ENSO. For the most recent 20
years, however, SC winter rainfall may not only be pre-
dicted by ENSO about half a year ahead, but also the
credibility of the prediction is significantly enhanced,
exceeding the 99% confidence level. In summary, the
relationship between ENSO and SC winter rainfall is
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Fig. 12. Regression of horizontal wind at 850 hPa on
PC1 of global SST for (a) 1951/52-1970/71; (b) 1971/72—
1990/91; and (c) 1991/92-2010/11.

a close one during the first and last 20 years, but weak
in the middle 20 years.

6. Summary and discussion

Based on station observations and reanalysis data,
the relationship between ENSO and SC winter rain-
fall and its decadal variability were investigated with
statistical analyses. The results show that ENSO can
significantly influence SC winter rainfall via anomalous
anticyclones in the northwestern Pacific. Winter rain-
fall over the SC region appears more (less) in El Nifio
(La Nina) years and has a potential predictability of
about half a year ahead based on the ENSO cycle.

Furthermore, the relationship between ENSO and
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Fig. 13. As in Fig. 8, but for every two decades.

SC winter rainfall displays decadal variability, signifi-
cant before the early 1970s and after the early 1990s,
but much weaker between these times. For every stage,
the atmospheric teleconnection seems quite different,
and the potential predictability of SC winter rainfall
also has large distinctions. In the most recent 20 years,
the relationship between ENSO and SC winter rainfall
is the most intimate, and the prediction of SC winter
rainfall has its highest credibility.

The decadal variability of the relationship between
ENSO and SC winter rainfall may be caused by the
decadal variability of Walker circulation (Zeng et al.,
2011), ENSO itself, external forcing [such as the Pa-
cific Decadal Oscillation (PDO) and Atlantic Multi-
decadal Oscillation (AMO)], or changes of mean cli-
mate state due to global warming, which is out of the
scope of this paper. Causes and mechanisms of the
decadal modulation of the relationship between ENSO
and SC winter rainfall remain unclear and need fur-
ther examination. Further, this study suggests that
it is necessary to consider decadal evolution of the re-
lationship between predicted climate element and its
predictor when we make climate prediction.
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