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ABSTRACT

Winter rainfall over South China shows strong interannwalability, which accounts for about half of the total winte
rainfall over South China. This study investigated the mtadbility of winter (December—January—February; DJHijfall
over South China using the retrospective forecasts of figtegif-the-art coupled models included in the ENSEMBLES
project for the period 1961-2006. It was found that the ENBEKMS models predicted the interannual variation of rainfal
over South China well, with the correlation coefficient beén the observed/station-averaged rainfall and predartat
averaged rainfall being 0.46. In particular, above-nor@alth China rainfall was better predicted, and the coinglat
coefficient between the predicted and observed anomalis0véd for these wetter winters. In addition, the models cap-
tured well the main features of SST and atmospheric circuia@nomalies related to South China rainfall variationha t
observation. It was further found that South China rainfatien predicted according to predicted DJF Nifio3.4 index a
the ENSO-South China rainfall relationship, shows a ptediskill almost as high as that directly predicted, indiicg that
ENSO is the source for the predictability of South Chinafain

Key words: predictability, South China, winter rainfall, ENSO, ENEMBLES

Citation: Yang, S.-H., C. F. Li, and R. Y. Lu, 2014: Predictability ofnter rainfall in South China as demonstrated by the
coupled models of ENSEMBLE®&dv. Atmos. ci., 31(4), 779-786, doi: 10.1007/s00376-013-3172-2.

1. Introduction an anomalous anticyclone over the western North Pacific, and

Winter rainfall over South China displays large interanthus the anomalous lower-tropospheric southwesterly svind

nual variability relative to its total amount. The rainfaiter at the northwest flank of the anticyclonic anomaly transport

South China ranges from 100 to 260 mm morkhwhile its more moisture to South China (Zhou et al., 2010; Li and

. e Ma, 2012). Therefore, the anomalous anticyclone over the
interannual variations can even reach 50-130 mm mdnth - . L
western North Pacific plays a key role in establishing the re-

about half of the total winter rainfall (L.' a_nd Ma, 201.2)%5_;1ti0nship between ENSO and South China winter rainfall.
: . . o he main leading mode of winter rainfall over China, which
mainly reflects the South China rainfall variability (Wangia appears mainly over South China, is also closely related to

Feng, 2011), confirming the strong interannual variabifity ENSO (Wang and Feng, 2011). This close relationship to

S.OUth China ralm_‘all durlng winter. Thergfqre, more atterENSO could help with better prediction of winter rainfall
tion should be paid to the interannual variation and seasorda

predictability of South China winter rainfall. ver South China.

The EI Nifio-Southern Oscillation (ENSO) exerts signifis Apart from ENSO, the winter rainfall variability in South

cant impacts on South China winter rainfall (Tao and Zhanﬁihma is also affected by some other factors. Zhou (2011)

1998: Zhang and Sumi, 2002: Wang and Feng, 2011: Li glnted out. that _there is a significant correlguon t_)etween
o i : e East Asian winter monsoon and South China rainfall. A
Ma, 2012). El Nifio events result in more rainfall over Sout

strong East Asian winter monsoon can suppress the moisture
transported by the southwesterly anomalies in the lower tro
posphere over South China and show impacts independent
* Corresponding author: LU Riyu of ENSO on South China rainfall. Interannual variation of
Email: Ir@mail.iap.ac.cn the East Asian winter monsoon is greatly related to anoma-

Chinain winter. During the winters of El Nifio events, there
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lous mid-latitude atmospheric circulation (Chen et alQ20 and Mitchell, 2009). The models included major radiative
In addition, the second leading mode of winter rainfall ovdorcing, no flux adjustments, and were initialized by using
China, which also shows significant rainfall anomalies ovegalistic estimates of the observed states. Nine initiadéo
South China, is also related to circulation anomalies dver ttions were run in each model. Table 1 shows a brief summary
mid-high latitudes (Wang and Feng, 2011). of the main model components with their resolutions. Read-
Since the circulation anomalies in the middle and higérs are referred to Doblas-Relyes et al. (2009, 2010) and van
latitudes have a low seasonal predictability, the preditta der Linden and Mitchell (2009) for further details about the
ity of South China winter rainfall may be greatly affected bENSEMBLES multi-model project and models.
these “noises”. On the other hand, the close relationship wi  The retrospective forecasts of all the models were per-
ENSO may make South China rainfall relatively highly preformed for the period 1961-2006. The seasonal forecasts
dictable. However, the predictability of South China wintewere initialized on the 1st of November and run for 14
rainfall has not been documented in the literature. By usimgonths. The results for the subsequent DJF (December—
the hindcast results of current coupled models, this stndy January—February) are analyzed in this paper. The winter of
vestigated the prediction skills of South China winter falin one particular year is defined as the months from December
and the contribution of ENSO to the predictability. Fivetsta of the previous year to February of the present year. For sim-
of-the-art coupled models from ENSEMBLES, which was aplicity, only the multi-model ensemble (MME) prediction,
EU-funded integrated project aimed at the development of ahich was calculated through simple composite analysis by
ensemble prediction system for seasonal prediction (van d@plying equal weights to all models, is shown in this paper.
Linden and Mitchell, 2009) were used in this study. The observed datasets used for model verification in-
The remainder of the paper is organized as follows. biuded monthly mean National Centers for Environmen-
section 2 we describe the hindcasts and observationakdatatal Prediction/National Center for Atmospheric Research
used in the study. In section 3 we examine the predictabilCEP/NCAR) reanalysis data (Kalnay et al., 1996) and
of interannual variability in South China winter rainfathidh NOAA Extended Reconstructed SST V3 datasets for the pe-
the associated circulation anomalies. Section 4 desdifilgesriod 1961-2006. The observed monthly precipitation dasase
contributions of ENSO to the predictability of winter radtif included those from the Global Precipitation Climatology
over South China. And finally, section 5 provides a summaBroject (GPCP) for the period 1980-2006 (Adler et al., 2003)
of the results. and the China Meteorological Administration (CMA) for the
period 1961-2006, based on data from 160 stations.

2. Hindcasts and observational datasets

The ENSEMBLES models used in this study include
those of the UK Met Office (UKMO), Météo-France (MF),
the European Centre for Medium-Range Weather ForecastsFigure 1 shows the standard deviations (SDs) of winter
(ECMWE), the Leibniz Institute of Marine Sciences at Kie{DJF) rainfall over China for the period 1961-2006. As can
University (IFM-GEOMAR), and the Euro-Mediterranearbe seen, the interannual variability of winter rainfall veas-
Centre for Climate Change (CMCC-INGV). The ENSEMsiderably large over South China. The corresponding SDs
BLES project was a seasonal-to-annual multi-model projegere around 30 mm montA and were significantly larger
of the European Union aimed at developing a fully couplatian other regions of China. We selected 33 stations where
atmosphere-ocean-land prediction systems (van der Lindes SDs were larger than 20 mm month and the South

g. Assessment of the prediction of South China
winter rainfall

Table 1. Description of the five models used in this study.

AGCM OGCM
Partner Model Resolution Model Resolution
ECMWF IFS-CY31R1 T159/L62 HOPE 031.£/L29
IFM-GEOMAR ECHAM5 T63/L31 MPI-OM1 1.8/L40
MF APPEGE4.6 T63 OPAS8.2 °A 31
UKMO HadGEM2-A N96/L38 HadGEM2-O 0.331°/L20
CMCC-INGV ECHAM5 T63/L19 OPA8.2 2/L31

IFS-CY31R1: Integrated Forecast System CY31R1;

HOPE: Hamburg Ocean Primitive Equation Model;

ECHAMS5: European Community—Hamburg model (version 5);

MPI-OM1: Max Planck Institute Ocean Model (version 1);

APPEGEA4.6: Action de Recherche Petite Echelle Grande Ecfvelrsion 4.6);
OPA8.2: Océan Parallélisé (version 8.2);

HadGEM2-A: Hadley Centre Global Environmental Model (ven2—Atmosphere);

HadGEM2-O: HadGEM (version2—Ocean).
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China rainfall was defined by rainfall averaged over these 33
stations. 50°N -
Figure 2 shows normalized DJF-mean South China pre-
cipitation anomalies during the period 1961-2006. Inotder  4op
compare with observations, the predicted South China rain-
fall was calculated as the average rainfall over the lanbreg
(23*-30°N, 110—-12CE), which covers the majority of the
stations with larger interannual variability. Figure 2 icates
that the interannual variation of South China rainfall wadlw ~ 20°N
captured by the model prediction. The correlation coefficie , , , , H,/Zf
between the observation and MME result was 0.46, reaching 75°E 90°E  105°E  120°E  135°E
the 99.8% statistical confidence level. This good predictio
was also reflected by comparing year-by-year between theig. 1. SDs of winter rainfall (mm montht) in China during
model prediction and observations. Furthermore, the modthe period 1961-2006 (solid line). The asterisks and dots de
els predicted the South China rainfall anomalies well durin note the locations of the 160 stations in China with SDs lower
most of the wetter years. For instance, the positive Soutind larger than 20 mm month, respectively. The box denotes
China rainfall anomalies in 1983 and 1998, which correspondhe region used to define South China in the model.
to strong El Nifio cases, were predicted rather well by the
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models. The correlation coefficient between the predicted 5 ... L I L L lo Com=0d6-
and observed anomalies was 0.64 for the wetter winters, i.e. | | 7= 7 e 4 P
winters with an observed positive rainfall anomaly, and thi o s o R
correlation coefficient was much higher than that for drywin =~ 17 4 fH\ """ /\ H ””” H N E ” 777 Ry
ters (0.19). The correlation coefficient was calculatedigyt 0 /\ Wﬂ H /\ /\”]/ﬂ” TR

following formula: 14
d -2
i .
me( )%(i) 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
r= ,
n n
Z Xm(i)Z Z Xo(i)z Fig. 2. Normalized DJF South China precipitation anomalies in
| | the observation (bars) and prediction (line), and the lamg:

trend in the observation (dashed straight line) and prieaict

wheren is the number of wetter (dry) years, aig(i) and  (solid straight line). The top right value is the correlaticoef-
Xo(i) are the predicted and observed anomalies forithe ficient between the observation and prediction.
wetter (dry) year, respectively.

The above result is consistent with previous observatiortalatmosphere—ocean interactions.
studies (Zhang et al., 1996, 1999; Chen, 2002), which indi- Figure 3 shows the spatial distribution of temporal cor-
cated that there are significantly positive rainfall andesl relation coefficients (TCCs) between the observed and pre-
in South China during El Nifio winters, but much weakedicted rainfall for the period 1980-2006. A high TCC indi-
and negative rainfall anomalies during La Nifia winters. lgcates that there is a close relationship between the fdrecas
addition, the South China rainfall showed a clear asymmand observation, and thus a high predictability. In general
try between positive and negative anomalies in the obsertégh TCCs were mainly located in the tropical area. The
tion. This asymmetry can also be illustrated by the intgnsitvinter rainfall around the Philippine Sea was predicted/ver
of positive and negative rainfall anomalies. Positive faln well with TCCs higher than 0.8. In addition, the TCCs were
anomalies tended to be stronger and appear in fewer yeaso high over the region extending from South China to the
(17 years), but negative anomalies were relatively wealker Isubtropical western North Pacific. The TCCs were around
appeared in more years (29 years). This asymmetry can(@ in South China, confirming that South China winter rain-
further illustrated by the skewness, which can be used afliis highly predictable. These TCCs were relatively kegh
measure of the extent to which a probability distributiomof than the correlation coefficient (0.46) between the obskrve
variable is concentrated on one side of the mean. The skewd predicted rainfall anomalies averaged over South China
ness of South China rainfall anomalies was 0.76 in the obstr the period 1961-2006. This difference mainly resulted
vation. The MME predictions captured this observed featufeom the difference in the analysis periods. The correla-
showing a skewness of 0.53. tion coefficient between the observed/station-averaged an

Figure 2 also shows that South China winter rainfall hagatedicted/area-averaged South China rainfall anomalés w
an increasing trend, with an amplitude of 0.18 mm (10¥r) 0.64 during 1980-2006, greater than that (0.46) during £961
The model predictions captured this increasing trend, B2@06, and much greater than that (0.05) during 1961—79. This
showed a weaker amplitude [0.10 mm (10 i) about half result suggests that the predictability of South China-rain
that of the observed one. This result implies that the ireeredall exhibits a decadal change, which may be related to the
ing trend of South China winter rainfall may be partially dudecadal change in the ENSO-South China rainfall relation-
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40N ship (Li and Ma, 2012).
1 Figure 4 shows the SST, 200 and 850-hPa wind anoma-
i lies regressed onto South China rainfall in the observatimh
30N MME prediction. In the observation, the spatial distriluti
1 of SST anomalies exhibited a typical El Nifio-like pattern:
20N - there were significant positive correlations in the tropdes-
1 tral and eastern Pacific and the tropical Indian Ocean, and a
. significant negative correlation over the western Northfieac
10N (Fig. 4a). It suggests that ENSO is closely related to therint
. annual variation of South China winter rainfall, which is:eo
0 ! sistent with previous studies (Tao and Zhang, 1998; Zhang

and Sumi, 2002; Wang and Feng, 2011). In the upper tro-
100E 120E 140E 160E  posphere, there was an anomalous cyclone over South China
and the subtropical western North Pacific (Fig. 4c). Associ-
Fig. 3. TCCs of winter precipitation between the observation ated with this anomalous cyclone, significant westerliesewe
and prediction for the period 1980-2006. Shading indicdtes  found over India, the Bay of Bengal, Indo-China Peninsula,
regions where anomalies are statistically significant@®%  and the Maritime Continent. There was an anomalous anti-
confidence level. cyclone north of this anomalous cyclone. On the contrary, in
the lower troposphere, anomalous southwesterlies appeare

60N

30N

90E 120E 150E 180 150W 120W 90E 120E 150E 180 150W 120W
(c) UV200 OBS (d) UvV200 MME
60N i ! : ‘ !
30N
0
90E 120E 150E 180 90E 120E 150E 180
(e) UV850 OBS
60N - L : : 3 > 60N
30N 30N
0 0
90E 120E 150E 180 90E 120E 150E 180

Fig. 4. Regression of SST anomali€xC( top), wind anomalies (m$) at 200 (middle) and 850 hPa (bottom)
onto South China winter precipitation in the observati@itfland prediction (right) for the period 1961-2006.
Shading indicates the regions where anomalies are statlgtsignificant at the 95% confidence level.
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over South China (Fig. 4e). These anomalies were connectelg in inducing more rainfall in South China during win-
to the anomalous anticyclone over the tropical westerniNoter (Zhou, 2011). However, it should be mentioned that the
Pacific, and induced more moisture transport to South Chiwall-captured wind anomalies related to South China rain-
and more rainfall over South China (Wu et al., 2003; Zhdall were mainly concentrated over the tropical and subtrop
et al., 2010; Li and Ma, 2012). The anomalous southwest@al regions. There were appreciable discrepancies in the
lies turned to southeasterly and southerly anomalies it Easd-latitude wind anomalies between the MME prediction
Asia and Northeast Asia, associated with the anomalous and observations. The anomalous upper-tropospheric anti-
ticyclone over East Asia and the mid-latitude western Norttyclone anomaly and lower-tropospheric southerly anomaly
Pacific. These upper- and lower-tropospheric wind anonarer Northeast Asia, which appeared in the observatiorg wer
lies are consistent with previous results (Zhou and Wu, 201tbt apparent, or were much weakened, in the prediction.
Zhou, 2011; Li and Ma, 2012). Figure 5 shows the spatial distribution of the TCCs for

The ENSEMBLES prediction captured most of the fee&&ST, 200 and 850-hPa winds between the prediction and ob-
tures of anomalies associated with the South China rainfadirvation. It reveals that most of the SST and circulation
variability well (Figs. 4b, d and f). The El Nifio-like SSTanomalies related to South China rainfall are highly pre-
anomalies were well captured by the models (Fig. 4b). Howtictable. High TCCs for SST anomalies appeared over the
ever, the SST anomalies in the tropical central and east#nopical Pacific and Indian Ocean (Fig. 5a). Good predic-
Pacific were greater in the prediction than those in the atien of 200-hPa zonal wind appeared over the tropical re-
servation. The Nifo3.4 index corresponding to one SD gfon west of 140E and mid-latitude region along 38 (Fig.
South China rainfall was 0.88 in the prediction, and was 5b). These high TCCs corresponded well with the westerly
much greater than that (0.82) in the observation. This im- anomaly over the tropical region and the easterly anomaly
plies that the relationship between ENSO and South Chiabng 35N, which were associated with the anomalous cy-
rainfall variability was overestimated in the predictiarhich clone in the upper troposphere (Fig. 4c¢). In addition, both
is expected since “noises” were suppressed and “signatghal and meridional wind anomalies were highly prediatabl
were highlighted in the MME results. The ENSO-Soutbver the coastal area of South China in the lower troposphere
China rainfall relationship is further examined in the folthe TCCs were around 0.7 and 0.5 for zonal and meridional
lowing section. In addition, the wind anomalies related twind anomalies, respectively (Figs. 5c, d). Therefore, the
South China rainfall were also well captured by the modedsuthwesterly (or northeasterly) anomalies associatéd wi
(Figs. 4d, f). The models captured the anomalous cyclo8euth China rainfall have a high predictability. Howevhe t
over South China and the western Pacific in the upper tfBECs for circulation anomalies were very weak over the re-
posphere. They also captured the southwesterlies over g¢fiens with latitudes higher than 48, suggesting a weak ca-
coastal area of South China in the lower troposphere. Theshility of the models in predicting the mid-latitude anema
upper- and lower-tropospheric wind anomalies play a ctuclaus circulation related to South China rainfall.

(b) U200 wind
60N |

60N

30N " 30N

0
0
90E 120E 150E 180 150W 120W
(c) U850 wind
60N L <= . . = 60N
30N - 30N
0 - 0
90E 120E 150E 180 90E 120E 150E 180

Fig. 5. TCCsfor (a) SST, (b) zonal winds at 200 hPa, (c) zonal winds(dhmeridional winds at 850 hPa between
the observation and prediction during the period 1961-2®ltading indicates the regions where anomalies are
statistically significant at the 95% confidence level.
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4. Predictability of South China winter rain- 3 —
fa” rdated tO EN% l:licross-val‘)dated ‘

2 e 0BS .

Figure 6 shows the distribution of correlation coefficients 1
between winter precipitation and Nifio3.4 index for 27 wear - ‘
(1980-2006). It reveals that ENSO has a close relationship \\H/W\/ﬂu :
with South China rainfall, indicated by the positive coarel A K
tions over South China,whichshowedaband-likedistribu-'2 N S PR NS BRSNS N S
tion extending from South China to the subtropical western 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
North Pacific. In addition, there were significant negative
correlations around the Philippines over the tropical aagi
These regions of significant positive or negative correfati
corresponded well to those of high TCCs of winter precipita-
tion (Fig. 3). The correlation coefficient between the South
China rainfall index (shown in Fig. 2) and Nifio3.4 indeXifio3.4 index as a predictor, the regressed coefficient
was 0.51 in the observation during the period 1961-2006, axas obtained from the observed Nifi03.4 index and South
ceeding the 99.9% statistical confidence level, which is coghina rainfall in the 45 training years. Then, the cross-
sistent with previous studies (e.g., Zhou and Wu, 2010; validated South China rainfall was regressed onto the pre-
and Ma, 2012). On the contrary, the correlation coefficiedicted Nifio3.4 index of the MME prediction in the target
between these two indexes was 0.83 in the MME predictioygar. This method can be described simply as predicting
This suggests that the model prediction overestimatecethethe DJF Nifi03.4 index first, and then predicting South China
lationship between ENSO and South China rainfall, which iginfall by using the Nifi03.4 index as a predictor.
consistent with the result shown in Fig. 4b. In addition, in- Figure 7 illustrates the normalized series of South China
terannual variation of the SSTs in the equatorial centrdl arainfall anomalies predicted through the above-menti@med
eastern Pacific was highly predictable (Fig. 5a). The carreproach. For convenience, this time series is simply refierre
tion coefficient between the predicted and observed N#io030 as “ENSO-predicted” in the following analysis. The cerre
index was 0.97. These results imply that model predictidation coefficient between the ENSO-predicted and observed
of South China rainfall relies greatly on ENSO predictafili South China rainfall reached 0.45. This correlation coeffi-
and the Nifio3.4 index can be used as a predictor for SogiRnt was considerably close to that of the coupled models of
China winter rainfall. ENSEMBLES (0.46, shown in Fig. 2). The ENSO-predicted

The cross-validated forecast was used to further invesd directly predicted South China rainfall also had a high
tigate the contributions of ENSO to the prediction skill oforrelation coefficient (0.79). This reveals that ENSO & th
South China rainfall. Cross-validated forecasts, whicthia main source for the good prediction skill of the coupled mod-
case considered 45 years as the training period and the r&is-for South China rainfall variation. Furthermore, whea t
fall anomaly in the target year for downscaling, can avoal trobserved Nifio3.4 index in November of the previous year
over-fitting in the downscaling scheme and have been usechias used as the predictor based on the cross-validatedregre
many previous studies (e.g., Feddersen et al., 1999; Kangien, the correlation coefficient between the predicted and
al., 2004; Yun et al., 2005; Zhu et al., 2008). Using the DJpbserved South China rainfall index reached 0.40. This fur-
ther suggests that the intimate relationship between ENSO
and South China rainfall plays a critical role in the good-pre
diction skill of South China rainfall in the current coupled
models, and the ENSO predictions by the models are better
than the persistency.

Figure 8 shows the regression of SST and winds at 200
and 850 hPa onto Nifio3.4 index in the observation and MME
prediction. The main features of ENSO-related anomalies,
including the SST pattern, the cyclone in the upper tro-
posphere and the southwesterlies in the lower troposphere,
showed great similarity to those related to South China rain
fall (Fig. 4). This similarity confirms that ENSO results in
the main anomalies that influence the interannual variation

100E South Chinarainfall. In addition, Fig. 8 also indicates tha

observed ENSO-related anomalies were well captured. The
Fig. 6. Correlation coefficients between winter precipitation and spatial distribution and intensity of the SST and circaati
the Nifi03.4 index for the period 1980-2006 in the obseovati  anomalies were quite similar to those in the observatiofis Th
Shading indicates the regions where anomalies are statlgti  similarity suggests that the coupled models describe e re
significant at the 95% confidence level. tionship between ENSO and South China rainfall well.

|

Fig. 7. The same as Fig. 2, but for South China winter rainfall
anomalies statistically deduced by predicted Nifio3.4xnd

40N
30N -
20N -

10N
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60N

30N

90E 120E 150E 180 150W 120W 90E 120E 150E 180 150W 120W
(d) UV200 MME

60N

30N

90E 120E 150E 180

60N

30N

90E 120E 150E 180 90E 120E 150E 180

Fig. 8. The same as Fig. 4, but regressed onto the Nifio3.4 index.

5. Summary In addition, the models better predicted the South China

. . . : . -rainfall anomalies when the anomalies wer itive. Th
This study investigated the seasonal predlctabllltyof-wma all anomaties when the anomalies were posiive €

ter rainfall in South China. The retrospective forecasts gprrelatlon coefficient between the predicted and observed

. : r]omalies was 0.64 for winters of positive rainfall anoma-
five atmosphere—ocean coupled models from a multi-mode

. . . ies in the observation during the period 1961-2006, much
\[/ngrjgznr;?gzg ENSEMBLES during the period 1961-20 ?gherthan that (0.19) for winters of negative rainfall avee

The interannual variability of winter rainfall over South“es' This result can be explained by the asymmetry in the

China exhibited a high predictability. The correlation fioe ¢ auonship between ENSO and South China rainfall: South
China rainfall anomalies are significantly and strongly-pos

cient between the predicted and observed rainfall anosall

averaged over South China was 0.46, reaching the 99.8% 's%/\? during EI Nifo winters but very weak during La Niha

i . . .~ Winters in observations (Zhang et al., 1996, 1999; Chen,
tistical confidence level. In addition, the good predictain 002). This asymmetry in the relationship between ENSO
South China rainfall was reconfirmed by the high predictabl% ' Symmeny 1 >N1p

ity of the associated SST and atmospheric circulation arond nd South China rainfall induced a positive skewness (0.76)
y P O?South China rainfall in the observation, and the MME pre-

lies, characterized by an ENSO-like SST pattern, anoma-_. . .
) o ictions captured this observed feature, showing a skeswnes
lous cyclone/anticyclone over South China in the upper tro;

posphere, and anomalous southwesterIies/northeastb’rIieOf0'53'

the lower troposphere. Furthermore, the models succégsful It was found that the good prediction skill of South China
Posp | i rainfall can be attributed to the close relationship betwee

captured the relationsh ip of South China rainfall with mesENSO and South China rainfall. A cross-validated forecast
SST and wind anomalies. was used to demonstrate the influence of ENSO on the pre-



786 PREDICTABILITY OF WINTER RAINFALL IN SOUTH CHINA VOLUME 31

diction skill of South China rainfall. The correlation céief rainfall over Southeast China and its decadal variabifit.
cient between observed South China rainfall anomalies and Atmos. &i., 29, 1129-1141, doi: 10.1007/s00376-012-1248-
the cross-validation regressed onto the Nifio3.4 indexiin w z

ter was 0.45. This correlation coefficient was almost idziti 120, S. Y., and Q. Zhang, 1998: Response of the Asian winter
to the prediction skill (0.46) directly shown by the models. gndssqmmzezr ’gggsogn to EC’:\‘:O everiisentia Atmospher-
Thus, it can be concluded that ENSO is the source of South  '¢@=hica <, —407. (in Chinese)

China rainfall predictability at the interannual scale van der Linden, P, and . J. B. Mitchell, Eds., 2009: ENSEM-
P y : BLES: Climate change and its impact: Summary of research

) and results from ENSEMBLES project. Met Office Hadley
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