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ABSTRACT

Some features associated with Eastern China Precipitation (ECP), in terms of mean climatology, sea-
sonal cycle, interannual variability are studied based on monthly rainfall data, The rainfall behavior over
Eastern China has fine spatial structure in the seasonal variation and interannual variability, The revealed
characteristics of ECP motivale us dividing Eastern China into four sub—regions o quantify significant
lag—correlations of the rainfalls with global sea surface temperatures (S85Ts) and to study the ocean’s pre-
dominant role in forcing the eastern China summer monsoon rainfalls. Lagged correlations between the
mid—eastern China summer monsoon rainfalls (MECSMRs) and the global SSTs, with SST leading to rain-
fall, are investigated. The most important key SST regions and leading times, in which SSTs are highly corre-
Jated with the MECSMRs, are sclected. Parl of the results confirms previous studies that show links between
the MECSMRs and SSTs in the eastern equatorial Pacific associated with the El Nino — Southern
Oscillation (ENSO) phenomenon. Other findings include the high lag correlations between the MECSMRs
and the SSTs in the high and middle latitude Pacific Ocean and the Indian Ocean, even the S8Ts over the
Atlantic Ocean, with SST leading—time up to 4 years, Based on the selected SST regions, regression equa-
tions are developed by using the S3Ts in these regions in respective leading time. The correlation coefficient
between the observed rainfulls and regressed rainfalls is over 0.85. The root mean square error (RMSE) for
regressed rainfall is around 65% of the standard deviation and about 15% of the mean rainfall. The
regression equation has also been evaluated in a forecasting mode by using independent data. Discussion on
the consistence of the SST—rainfall correlation with circulation field is also presented,
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1. Introduction

The Asian monsoon system, for its profoundly regional and global climate linkages, has
been studied intensively (Webster and Yang, 1992; Yasunari and Seki, 1952, Meehl, 1994; Ju
and Slingo, 1995; Soman and Slingo, 1997; Mechl and Arblaster, 1998; Webster et al,, 1998),
especially during the TOGA year (1985—1994), The broadly defined Asian monsoon actually
consists of the Indian monsoon and the eastern Asian monsoon. The relationship between the
Indian summer rainfall and the phase of El Nifino — Southern Oscillation (ENSO) has been
studied extensively (Rasmusson and Carpenter, 1983: Shukla and Paolino, 1983; Shukla and
Mooley, 1987; Ju and Slingo, 1995; Harzallah and Sadourny, 1997), Drought years over India
often accompany the warm phase of the central and eastern equatorial Pacific sea surface
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temperatures (SSTs) (El Nifio), and wet years often accompany the cold phase (La Nifia). For
the eastern Asian monsoon, with major part over eastern China, its relationships with ENSO
and other large scale climate variability are more compiex than those for the Indian monsoon
due to the effect of complex geography of south Asia, the steep orography of the Tibetan
Pleateau, and the sharp heating gradients.

The Asian summer monsoon is a major source of precipitation over eastern China, Pre-
cipitation patterns in China greatly depend upon monsoon activity, The summer monsoon
rainfalls in China are affected by airflow originating from three systems, There are the
southwest Indian summer monsoon, the cross—equatorial airflow over Southeast Asia and the
South China Sea originating from the Australian region in the Southern Hemisphere, and the
southeast monsoon coming from the southern flank of the subtropical high over the western
Pacific, It is often observed that, from time to time, one of the monsoon airflow or a combina-
tion of them dominates the weather and precipitation pattern in China, The rainfall activity of
the summer monsoon in China is a result of interaction of several monsoon systems. Most of
the previous studies are focused on the links between the summer mensoon rainfall anomaly
and sea surface temperature anomaly (S8TA) in the eastern equatorial Pacific, which was ex-
plained to link with subtropical high, Yet the behavior of the summer monsoon rainfall in
China is likely to be a result of the nonlinear interaction of the separate components.

A number of studies have addressed these relationships of the eastern Asian monsoon
with ENSO or the global climate variabilities (Lau and Li, 1984; Lau and Shen, 1988; Zhao et
al,, 1991; Shen and Lau, 1995; Ju and Slingo, 1995; Ose et al,, 1997). Shen and Lau (1995)
emphasized that the easiern Asian summer monscon may be a part of a globatl scale biennial
oscillation rhythm involving the interaction of monsoon rainfall, tropical SST and
circulation,

In this study, based on the revelation of characteristics of eastern China summer
rainfalls, we divide eastern China into four sub-Tegions to investigate the quantitative rela-
tionship beiween the rainfalls and the global SSTAs. The objective is to find useful long—term
predictors from the SSTAs for the prediction of rainfalls, This paper is organized as follows.
Section 2 describes the data. Section 3 presents the spalial and temporal precipitation charac-
teristics and the regions of study in eastern China. Section 4 discusses the relationships be-
tween the rainfall anomalies and the SSTAs, Section § summarizes our results,

2. Data

The precipitation data used in this study are monthly station precipitation of 115 stations
over eastern China from January 1951 10 December 1998, which are compiled by China Me-
teorological Administration, The distribution of stations is shown in Fig, L,

The SST data used in this study are obtained by combining Da Silva’s S8T data set and
Reynolds’s SST data set. Da Silva’s SST data (Da Silva et al., 1994) were derived from the
Comprehensive Ocean—Atmosphere Data Set (COADS) from January 1945 to December
1989, Reynold’s SST data were derived from in situ (ship and buoy) and satellite SST using
optimum interpolation (Reynolds and Smith 1994) starting from 1982 to the present. The two
sets of data were analyzed on 1° latitude by 1° longitude, The present study combines the Da
Silva §5Ts from 1945 to 1989 with the Reynolds SSTs from 1982 to the present. The combina-
tion is the weighting average of the two data sets from 1982 to 1989 with weights varying
linearly from full weight on Da Silva’s data in January 1982 to full weight on Reynolds’s data
in December 1989,
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Fig. 1. The 115 station locations (circles) over eastern China with four divided subregions marked

by heavy solid lines.
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Fig. 2. The SSTs over the Nifio3 region (5°8—5°N, 150°W—90°W) in the overlapping period for the
Da Silva’s S8T dataset and Reynolds’s SST dataset from 1982 to 1989, The solid line is the com-
bined results, the dotted and dashed lines are from Dia silva’s data and Reynold’s data respectively.
Two correlation coefficients in the figure represent correlation of the solid line with the dotied line

and with the dashed line respectively.
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The compatibility of the two SST datasets over the overlapping period from 1982 to 1989
is checked for the SST climatology and the 88T indices over various regions, Fig,2 shows the
8STs over the equatorial eastern Pacific (5°S—5°N, 150°W—90°W) in the overlapping period
of two SST data sets from 1982 to 1989, The correlation coefficients in Fig. 2 represent the
correlation of SST in combined result with SST in Da silva’s data (0.996) and SST in
Reynold’s data (0.991) respectively,

The National Centers for Environmental Prediction (NCEP)/ A re—analysis data
(Kalnay and Jenne, 1991; Kalnay et al,, 1996) are used for discussion,

3. Climatological characteristics of Eastern China precipitation

The climatological rainfall amount in eastern China decreases from southeast toward
northwest. The average annual rainfall amount is greater than 1600 mm in the southert part
and less than 200 mm in the northern part. In the east of 110°E, the zonal distribution is the
typical characteristic of rainfall belts over eastern China. For the seasonal variation, as we
know, the summer monsoon is the major source of the rainfall Following early spring
rainfall, which occurs firstly over south of the Yangtze River, the summer monsoon rainfall
belt forms from southeastern China and goes through two jumps northward around June and
July, The rainfzll belt moves rapidly southward, which marks the ending of the monsoon
rainfall around the end of August.

Previous studies have shown that rainfall behavior of the eastern China summer mon-
soon has considerable spatial variability (Zhang 1988; Wu et al. 1995) due to interactions of
several monsoon systems. The rotated Empirical Orthogonal Function (EOF) (Horel, 1981)
analysis is used to identify the dominant modes of the interannual variability of the eastern
China summer monsoon rainfall (ECSMR). The input consists of the summer rainfall anoma-
lies averaged from April to August at each station, Fig, 3 shows the spatial patterns of the
first four EOF modes. The first four modes explain about 40% of total variance, with the first
mode accounting for 17% of the total variance,

Guided by the four EOF modes, eastern China is divided into four sub—regions in the
following steps. The first step is to define the reference rainfall for each EOF mode by aver-
aging rainfalls at five stations that have the first five maximal variances. In the following step,
the sub—region, corresponding to one EOF mode, is determined by examining the correlation
coefficients between the rainfall anomalies at each station and the reference rainfall
anomalies. The sub—tegion consists of the stations in which the rainfall anomalies are highly
correlated to the reference rainfall anomalies. The four sub—regions, corresponding to four
EOF modes, are marked by solid lines in Fig.l and named as SE, MEl, MEZ and NE
respectively. In each of the four sub—region, the station circles are marked by "star” or “filled
circle” or “ cross” or “ plus” respectively if the correlation coefficients between the rainfall
anomalies of the station and its reference rainfall anomalies are over 0.7.

The rationality of above subdivision is checked, by examining the distinctions in the sea-
sonal variation and the interannual variability expressed by the relationships between the
monsoon rainfall anomalies and SSTAs over Nifio3 (5°—=5°N, 150°W—50°W) region. Fig.4
shows the monthly mean precipitation rates (MMPRs) at each sub—region respectively. The
dark bars represent the MMPRs of sub—region mean, and the solid lines are the MMPRs at
each station. The heavy horizontal solid and dashed lines represent the annual mean precipi-
tation rates (AMPRs) and 1.5 times the AMPRs, It is clear that the seasonal variation of rain-
falls at each sub—region is similar to that of sub—region mean, The seasonal variation between
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Fig. 1. Sputial palterns of the first EOF (upper left), second EOF wwpper right, thitd EQF (lower

left} and 4th EOT (lower right) modes of the eustern China summer monsoon ramfall (A pril to

Avgust averaged),
different sub—region is distinguished by the rainy season period or the period of onset and
withdrawal of monsoon rain belt. The distinction of seusonal variation between the rainfalls
in 8F und ME1 is not as clear as thal among others, but they are still to be distinguished by
the variations of MMPRs from June to August, There is second peak of MMPR in 8E in Au-
gust because of typhoon rainfalls. The monscon rainy seasan at each sub—region might be de-
fined to include the months in which the MMPRSs are over 1.5 times the AMPR or above the
dashed line, From the south to north, the duration of the monsoon rainy season changes from
April-May—June in 3E and ME1, to June=Tuly—August in ME2 and to July—August in NE.
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Fig. 4, The monthly mewn precipitaton rales (mm < day}in four sub—regions, From the uppermost
panel lo lowest pancl, they earrespond 1o the rainfall in NE, ME2. MED and SE respectively. The

dark bars ave the sub—region mean rates, und the solid lincs ave the rates at cuch station,

Fig. 5 shows the time—latitude sections of lag cross correlation between the SSTAs aver
Nifiod region and April to August zonal averaged ECSMRs on the latitudes from 22°N to
42°N. The longitudinal range is from 110°E to 120°E. The correlation coefficients are calcu-
lated by fixing the rainfall time series at each latitude from 1931 to 1997, and varving the 88T
time series from January of one year before the rainfall vear to December of one year after the
rainfall vear, In the figure, ¥ 0 denotes the rainfall year, Y—1 denotes one vear before the ruin-
fall vear and ¥+ denctes ong vear after the rainfall year. There are several striking features,
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One is the coherent structure of the lag carrelation. For example, the figure exhibils signifi-
cant leading time of up to one year (Y —1} of the eastern Pucific 88TA to the summer ramfall
anomaly at 28°N and 31%N_ On the other hand, there is also significant lead in the rainfall
anomaly to the eastern Pacific SSTA (Y+1). This feature indicutes Lhe existence of
temparal—spatial dynamic structure in the ECSMR and the ENSQ. The second striking fea-
ture is the opposite sign of the carrelation coclTicients at the same lag time for different lati
tude belis. With lead year Y—I, the lag carrelation exhibits a double see—saw patiern with
positive correlation south of 31°N and north of 35"N with negative correlation in between,
The third feature is that the double see—saw pattern is almosl reversed with leading time oc-
curring after the spring of the rainfall vear, The lag correlation is very small in the sprimg,
which is verv reminiscent of the Latif and Graham observation—prediction correlation demise
{Latif and Graham 1991} or the spring predictability burrier (Webster and Yang, 1992} This
type of correlation patlern shows distinctive air-sea inleraction between different sub—re-
gioms, The rainfall in SE has poor correlation with the S5T in Nifio3 region. There are similar
rainfall-S8T correlation patterns for the ramlall m NE and MEL, and a reversed pattern for
the rainfall imn ME2,

In summary, il is clear that the rainfall behavior over castern China has fine spatin] struc-
ture in the seasonal variation and interannual variability. Before studying the rainfall varia-
tion over eastern Ching in detail, it s indeed essential to divide castern China into the four
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Fig. 5. The time—latitude seclions of lag eross cormelations between the S3TAs over Nifiod region
(eastern equatorial Pacific) and April to Augusi castern China rainfall anomalies at each latitude,
averaged from 1H0E 1o 120°E, from 22,5°N to 42.5°N. Y0 denotes the rainfall year, ¥ -1 denotes
one vear before the rainfall year and Y+1 denates one year after the ramfull year, Significant corre
Litions at the ¥5% kevel are shaded,
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sub—regions, In the next section, as an example, we will focus on the sub~region ME1 to
study the lagged correlations between the rainfall anomatlies and the S§TAs with focusing on
SST leading, The sub—region ME1 corresponds to the first EOF mode with most significant
interannual variability, The climatological rainfall amount in ME1 is well zonal distributed
with northward decreasing clearly. Comparing with rainfalls over other sub—regions, from
Fig. 5, yet the rainfall anomalies over ME| are most significant correlated to SSTAs over Nifi
03 region with 8ST leading in preceding year, The sub—region ME!1 is referred to as the
mid—eastern China (MEC) as mentioned in the title of this study. The mid—eastern China
summer monsoon rainfall (MECSMR) is our focus region in the following sections, For the
sub—region NE, ME2 and SE, the same routine can be followed as that in ME] to study their
connections with SSTAs.

Fig.6 shows the normalized rainfall anomalies of MEC. The normalization is completed
by their standard deviations, The dark bars represent the anomalies of regional averaged over
MEC, and the solid lines are that at each station of MEC. As expected, the rainfall anomalies
in most of stations have same sign as their mean in extreme flooding or drought years, From
the Fig. 6, the fluctvation of rainfall in MEC is strong. The standard deviation of the rainfall
in MEC is about 20% of the mean rainfall, There are about eight serious flooding years and
nine serious drought years, in which the rainfall anomalies exceed 75% of the standard devia-
tion, in the 48 years. The most extreme flooding event happened in 1954,

4, Correlation between MECSMR and global SST

In this section, we examine the quantitative lag cross correlations between the anomalies
of MECSMR and the global SSTAs at each grid with SST leading time from January of Y—4
to the beginning of the summer rainy season, We select leading times and oceanic regions
where the SSTAs are significantly and coherently correlated with the rainfall anomalies.

Fig. 6. The normalized rainfall anomalies during the monsoon rainy season in ME]. The
normalization is completed by their standard deviations (134 mm), The dark bars represent the

anomalies of mean rainfall over ME1, and the solid lines are the anomalies at each station,
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These regions and leading times are then used to establish the regression equation of the rain-
fall to understand how the rainfall could be regressed or determined by the global SSTs,

4.1 Lead correlated SST regions

Major ocean regions, where SSTs are significantly and coherently correlated with the
MECSMRs in respective leading time, can be found in Fig.7, In the figure, the contour lines
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Fig. 7. The correlation coefficients between the rainfall anomaly over MEC und the S8TAs with
SST leading in Y—4 (left—upper panel), with S8T leading in the 4th preceding winter {right—upper
panel). with SST leading in third preceding winter {middle panel), with SST leading in the spring of
Y-1 (left—lower panel) and with 88T leading from the summer of preceding year 1o the preceding
winter {right—lower pancl), Significant correlations at the 95% level are shaded.
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are the lag correlation coeflicients between averaged mean rainfall anomalies in MEC over
the April to June and the SSTAs in the ocean grids with 8ST leading in specific times, The
areas where the coefficients are larger than 0.3 or less than —0.3 are shaded, Correlation
coeflicient of 0.3 corresponds to the 95% significant level,

In the upper left panel of Fig.7, with SST leading time in March to October of Y—4 (four
vears before the rainfall year), the SSTAs over southeast warm pool and northern Pacific
highly positively correlate with the rainfall anomalies in MEC, In the upper right panel and
middle panel of Fig. 7, the SST leading times are in the fourth and third preceding winter
respectivety. In the lower left panel, the SST leading time is in the spring of Y—1. From the
three panels, the SSTAs might keep negative anomalies about three years around the
southeastern Indian Ocean or out of the Indonesian Throughflow before the flooding mon-
soon season in MEC happens, From the lower right panel, with the SST leading time from the
summer of preceding year to the preceding winter, the result is consistent with previous stud-
ies that the rainfall anomalies in MEC might be related with the SST in the eastern Pacific in
the preceding year,

Based on Fig. 7. seven specific ocean regions are finally selected and shown in Fig. 8.
They are referred 1o as SSTR1 (labeled 1), SSTR2 (2), SSTR3 (3), SSTR4 (4), SSTRS (5),
SSTR6 (6) and SSTR7 (7) respectively, The 88T leading times are in March to October of
Y—4 over S8STR1 and SSTR2, in November of Y=3 to April of Y2 over SSTR3, in Novem-
ber of Y—2 to January of Y—1 over SSTR4, in February to April of Y—1 over SSTRS, in July
to September of Y—I over SSTR6 and in Jun of Y—1 to February of Y0 over SSTR7. The
SS5TAs in the seven selected SST regions, with their respective leading time, are highly corre-
lated with the rainfall anomalies in MEC as shown in Fig. 9 and Fig.10. In Fig.9, the contour
lines are the lag correlation coefficients between the rainfall anomalies at each station over
eastern China and the mean SSTAs over seven selected SST regions with S8T leading in spe-
cific times, Significant correlations at the 95% level are shaded. The temporal coherence of
the correlation coefficients between the rainfall anomalies in MEC and the SSTA in the seven
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Fig. 8. Seven selected S5T regions are marked by heavy solid rectangles and are named as S8TR1,
SSTR2Z, SSTR3, SSTR4, S5STRS, SSTR6 and SSTR7 respectively.
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Fig. 9. The lag correlation coefficients between the anomalies of the monscon rainfall at each statien
(averaged from April to August) and the SSTAs over seven selected SST regions with respective SST
leading times. From left—upper panel, right—upper panel, to lowest panel, they are corresponding with
SSTAsinSSTRY, SSTR2, 10 SSTR7. Significant correlations at the 95% level are shaded.
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Fig. 10, The lag correlation coefficients of 21 years running correlating between the mean monsoon
rainfall in MEC and mean SST in seven selected regions with their leading time. The first rainfall
time series is from 1951 to 1971 and last rainfall time serics is from 1978 to 1998, The labeled num-

bers are the correlation coefficients in full 48 vears time series,

selected regions with their respective leading time is analyzed and shown in Fig, 10, In Fig, 10,
the lines are the lag correlation coefficients of 21 year time series running correlating between
the mean monsoon rainfall in MEC and mean SST in seven selected regions with their leading
time. The first 21 year rainfall time series is from 1951 to 1971 and the last time series is from
1978 to 1998. As shown in Fig. 10, the correlation coefficients, in full 48 year time series, be-
tween the mean monsoon rainfall in MEC and mean SSTAs in the seven SST regions with
their corresponding leading time are 0.66, 0.57, .56, —0.56, 0,50, —0.49, 0,43 respectively,

The present result is consistent with previous studies that the SST in the eastern Pacific in
the preceding year is related with rainfall in the area around MEC. Yet, more significant and
more spatial-temporal coherent correlated SST regions for rainfall in MEC are located in the
western Pacific and the Indian Ocean, especially around the out of the Indonesian
Throughflow, although their magnitudes of the SSTAs (or standard deviation} are much
" smaller than that in the eastern Pacific.

4.2 Regression analysis

A regression equation is developed by using the SSTAs in the selected regions in Fig. 8 in
respective leading time mentioned in Section 4.1 to regress the summer monsoon rainfall. Fig,
11 shows the comparison between the regressed rainfall and observed rainfall, Fig. 11 shows
the comparison between the regressed rainfall and observed rainfall. In the upper panel of
Fig. 11, only S3TAs in SSTRI1, SSTR2 and SSTR3 are used. This means that the shortest
leading time of SST is two years. If we re—construct the regression equation to perform
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regressing prediction, the prediction could be performed two years before the monsoon sea-
son. In the lower panel of Fig. 11, the SSTAs in the first six regions were used. The shortest
time leading of SST is in preceding summer. The correlation coefficient between the regressed
rainfall and observed rainfall in final regression is over 0.85, The root mean square (RMS) er-
ror of regressed rainfall for these 48 years is 87 mm, which is the amount of about 65% of the
standard deviation (134 mm) and 13% of the mean rainfall (682 mm). It should be noted that
not only many factors other than the SSTAs may affect the rainfall, but also the errors in 8ST
and small-scale perturbations in the rainfall may affect the regression, and therefore, scatter
around the regression line is expected.
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Fig. 11. The regressed rainfalt and observed rainfall in MEC. The correlation coefficient and the
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To test the predictability of this kind of regression equation, starting from the 1976, us-
ing the SSTAs in first five selected regions, we re—construct the regression equation by using
the preceding 25 years data only and forecast the rainfall in the current year for the last 23
years (1976 to 1998). The predicted results are shown in Fig. 12, For the last 23 years, the cor-
relation coefficient of the prediction with the observation reaches 0.829, and the RMS error
for predicted rainfall is 36,5 mm,

5. Conclusion and discussion

In this study, the mean climatology, seasonal variation and interannual variability of
rainfalls over eastern China have been studied by using the 1951—1998 monthly station rain-
fall data. The results show that the rainfall behavior has significant spatial and temporal vari-
ability with fine spatial structure in the seasonal variation and interannual variability. To
study the rainfall variation over eastern China, easiern China has been divided into four
sub—regions. The division is consistent with the distinctions in the season variation, rainy sea-
son duration, and interannual variability of rainfalls in each sub—region,

For one sub—region named MEC, we have selected seven ocean regions and the leading
times where the 88TAs are significantly and coherently correlated with the monsoon season
rainfalls in MEC. These regions and leading times have been used to establish the regression
equation of the rainfall, The selected SST regions could be in the Indian Ocean, the Pacific
and the Atlantic, The SSTAs which have more significant lag correlation with the rainfall
anomalies are located in the western Pacific and southeastern Indian Ocean, The rainfalls can
be regressed by using the selected SSTAs with leading time of one year to four years with sig-
nificant skills, Comparing regressed rainfall with observed rainfall, the correlation coefficient
can reach 0.88, and RMS errors are around 13% of the mean rainfall and 65% of the stand-
ard deviation,

We note that the correlation between two variables does not necessarily mean a causality
relationship, [1 is possible that a third variable, which is unknown, is the cause of both. It is
also likely that both of them take part in a global air—sea interactive climate system, From
Fig. 5, significant lag cross correlations exist not only for SSTA leading the rainfall, but also
for SSTA lagging the rainfall, which suggests that the SSTA and the rainfall anomaly in east.
ern China either interact directly with each other or participate in a large interaction system,
No matter what the underlying physics is, the high lag correlation between SSTAs and the
rainfall anomalies indicates that SSTAs might be used as useful predictors for the rainfalls,
which is the principal goal of this paper.

It is indeed very difficulty to understand the physical linkage of the lag correlation be-
tween the rainfall anomalies in MEC and regional SSTAs with 88T leading time up to four
vears, Competent coupled climate models might be useful tools to explore possible mecha- -
nism of linking the air—sea interactions related to the monsoon rainfall. But current climate
models have difficulty in producing consistent simulations of precipitation in the eastern
Asian monsoon regions. These models can not accurately simulate intraseasonal, annual and
interannual variations, even the mean climatology of rainfall over eastern Asia. The sufficient
monsoon specific model analysis and validation are essential in the future to have competent
models for studying the physical linkage.

In order to have more confidence in accepting these lag correlations, we need to know if
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the relationship between the rainfall and the SST is dynamically consistent with the circula-
tion field, The composites of * wet—minus drought” (WMD) 500 hPa geopotential height (GH)
anomalies during the symmer monsoon rainy season have been computed by subtracting
“drought” years composite from “ wet” years composite, The " wet” and * drought” compo-
sites are obtained by averaging 500 hPa GH during summer monsoon period over four ex-
treme flooding years (1973, 1977, 1983 and 1995) and four extreme drought years (1972, 1978,
1981 and 1985), with rainfall anomalies sironger than cne standard deviation, respectively.
The WMD composite is shown in Fig. 13, In the flooding year, 500 hPa geopotential height
anomaly pattern includes a series of positive anomaly centers along high latitude of the
Northern Hemisphere and subtropical latitudes of both hemispheres and negative anomaly
centers along middle latitude of the Northern Hemisphere and high latitude of Southern
Hemisphere. In all of the tropical area, the anomaly is positive. Yet, this kind of anomaly pat-
tern indicates that the eastern China summer monsoon is highly correlated with global cli-
mate system. We calculated the lag correlations between the SSTAs in the seven selected 35T
regions and averaged 500 hPa GH anomalies at each grid during the monsoon season with
SST time leading same as that leading to the rainfall to ensure that the circulation patterns re-
lated leading—times SSTAs are consistent with that in Fig, 13, Fig. 14 shows the lag correta-
tion coefficients between the 500 hPa GH and SST in SSTRI (upper panel) and SST in
SSTR7{lower panel} with respective SST leading time. We were surprised by the upper panel
of Fig. 14, in which the distribution of the correlation coefficient centers is very similar to the
distribution of the anomaly center locations in Fig. 13. It means that the positive SSTA in
SSTRI, southeastern warm pool, will indicate, in some degree, in four years late, having a
special anomaly circulationpattern as in Fig. 13, correspondingly having a flooding summer
monsoon season in MEC, The correlation patterns between SSTA in other selected regions
and 500 hPa GH are not corresponding with the anomaly pattern in Fig. 13 as perfect as that
in SSTR1, but correlation patterns in them indeed correspond with part of pattern in Fig.13.
For example, in the lower panel of Fig.14, the correlation pattern between the SSTA in
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1000 —
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400

Fig. 12. The observed rainfall (solid line) and predicted rainfall (dashed line} in MEC, The correla-
tion coefficient and the root mean square (RMS) error are labeled.
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Latitude

180
Latiude

Fig. 13. The differences between April to June averaged 500 hPa geopotential heights over four ex-
treme flooding years and that over four extreme drought years in units of ten geopotential meters
(TGM). Contour interval is STGM. Values above 10 TGM are heavy shaded, and below—10 TGM
are lightly shaded.

Lattuge

Latitude.

Longitude

Fig. 14. The lap correlation coeffcients between April to June averaged 500 hPa Geopotential
heights and SST in SSTR1 (upper panel), with 88T leading time in Y~4. and 8ST in SSTR7 (lower
panel) with S$T leading time from summer of Y—1 to winter of Y0. Significant correlations at the

95% level are shaded.
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SSTR7 and 500 hPa GH mainly corresponds with tropical and subtropical part of the pattern
in Fig. 13, Therefore, it seems that the relationship between the rainfall and the S8T is
dynamically consistent with the circulation field.

It 1s hoped that the present study will provide some motivation for future modeling and
observation studies concerning MECSMR. An examination of the performance of GCMs in
simulating this observed interannual variability should help us to understand the mechanisms
behind the observed relationships between the rainfalls and the §8Ts, In this study, while
keeping in mind that ENSO event is an important climate phenomenon, we also show that
there are other important climate faclors that can be used to address the regional prediction
problem,
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