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ABSTRACT

Based on the interannual variability af convection over the trapical western North Pacific (WNPY, o re-
gien of 1307 —160°E, 10°—20°N. a composite analysss is performed on the ficlds of surface temperature,
outgeing longwave radiation and 850 hPa zonal wind. The composile results show that the weaker
istronger) WNP convection 1s refaled 1o the El Nifio {Lu Nifa)-paitern sea surluce temperatre 1557)
anomahes in the preceding winter and 1n spring. A comparison with previous resulis indicales that a simuidar
spatiul and temporal distribution of SST anomalies 15 also associated with the onsets of both the WNP and
South China Sea (SCS) monsoons.

The compasite results also show that the weaker (stronger) convection over the WND ¢orrespends o
the eusterly {(westerly) anomalies that extend westward from the WNP mto the Bay of Bengal, A numerical
experiment by un utmospheric general circulation model shows  simifar result. fn addition, during weaker
{slronger) convection summer, the convection over the WNP and lower—level conal winds over the SCS ex
hibat a small (large) extent of seasonal evolution,
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1. Introduction

The East Asian summer monsoon is significantly influenced by the convective activity
over the tropical western North Pacific (hereafter WNP) (Huang and Li, 1987; Nitta, 1987:
Kurihara, 1989; Huang and Sun, 1992; Murakami and Matsumoto, 1994; Ueda and
Yasunari, 1996; Kawamura and Murakami, 1998; Lu, 2001a). It has been poinied out that an
atmospheric Rossby wave is generated by anomalous convective activities over the WNP und
propagates to the extratropics. and influences the interannual and intraseasonal variations of
the East Asian summeér monsoon,

T This study was supported by the " National Key Program tor Developing Basic Sciences’
(1998040900 Part 1 and the National Natural Science Foundation of China {Grant No. 40023001),
Buwen Dong was supported by EC through contract ENV4~CT95-0122, The computer time for
GCM simulations was provided by the UGAMP, which is funded by the UK Natural Environmental
Research Council.
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On the other hand, some evidence suggests that there is interaction between the Eust
Asian summer monsoon and South China Sea (SCS) monsoon (Chen et al.. 2000¢). There are
in—phase intraseasonal oscillations between the Meiyu latitudinal location and the intensity of
westerlies over the SCS, In addition, rainfall activity along the Meiyu front is stronger (weak-
er} when the 8CS monsoon is break (active),

As a possibly precursory signal of the [ndian and East Asian summer monsoons, the SC8
monsoon has been widely studied. Generalily, these studies focused on the onset of SCS mon-
soon (Chen et al., 2000a; Chen et al., 2000c; Dai et al., 2000; He et al., 2000; Jian et al,, 2000;
Liu and Ding, 2000; Liu et al,, 2000; Mu and Li, 2000; Sun and Chen, 2000: Wu et al., 2000:
Zhu and Xu, 2000, among others), The onset of SCS monsoon generally happens around the
fourth pentad of May and is prior to the Indian summer monsoon and East Asian summer
monsoon,

Several studies showed that the SCS monsoon exhibits a significant intraseasonal varia-
tion (Chen and Chen, 1995; Mu and Li, 2000). Although around its onset the SCS monsoon
does not show association with the convective activity over the WNP, the intraseasonal varia-
tion of the SCS monsoon after its onset may be influenced by the WNP monsoon, particularly
around the onset of the latter. According to the theory of Gill (1980), when there is a heat
source or anomaly over the WNP, there would be a cyclonic anomaly northwest of the WNP,
Gill’s model generally can well explain the atmospheric circulation in association with 4 heut
source in the tropics. Thus. the WNP monsoon would influence the SCS monsoon by chang-
ing the atmospheric circulation, In this study we will focus on the association between the
SCS monsoon and WNP monsoon. This study will also be helpful for the better under-
standing of the mechanisms responsible for the intraseasonal variations of East Asian sum-
mer monsoon, which has been shown to be associated with both the WNP monsoon and the
SCS monsoon,

The convective activity over the WNP starts (o be enhanced around pentad 32 according
to the result of Murakami and Matsumote (1994), who suggested the WNP summer monsoon
{signified by them as WNPM). Wu and Wang (2000) also examined the onset of WNPM. and
showed the omset is around pentad 40, much fater than that shown by Murakami and
Matsumoto (1994). The difference is mainly due to their different definitions on WNPM on-
sel. Apparently, the onset of WNPM is much later than that of SCS monscon, However, as a
huge heating source with great interannual and intraseasonal variabilities, after onset, the
WNP monsoon may exert its influence wes{ward to the $CS monsoon, as well as northward
to the East Asian summer monsoon.

Section 2 describes the data and model utilized in this study. Section 3 shows the relu-
tionship on the interannual timescale between the WNP monsoon and SCS monscon. Section
4 is devoted to the different features of seasonal cycle between strong and weak WNP mon-
soon. A summary of main results is given in the final section.

2. Data and model

The National Centers for Environmental Prediction / National Center for Atmospheric
Research (NCEP / NCAR) re—analysis data and satellite—observed outgoing longwave radia
tion (OLR) data are used in this study. Monthly and pentad averages for the 20—year period
from 1979 to 1998 are used. Among the elements in NCEP/ NCAR re—analysis data, the
850—hPa zonal wind and surface temperature are used in this study.

The model used in this study is the UK Universities” Global Atmospheric Modelling
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Programme General Circulation Model (UGAMP GCM). which is based on the forecusl
model of the European Centre for Medium Range Weather Forecasts (ECMWF). Tt is a spec
tral mode! with a hybrid coordinate in the vertical, using a triangular truncation (T42L19),
The physical parameterizations in the model are described in Slingo et al. (1994}, 5 of 19 vert-
cal levels of the model are within the lowest 150 hPa of the atmosphere. The land surface tem
perature and moisture content are calculated using a three—layer diffusive model, A no—flux
boundary condition, which allows the surface temperature and soil moisture to respond fully
1o the forcing rather than being tied to the imposed climatology. is used at the bottom of the
s0il model, The use of the no—flux boundary condition improves the simulations on the
climatology and interannual variability of the Asian summer monsoon circufation (Dong and
Valdes, 1998).

The SCS monsoon is characterized by active convection and lower—level zonal winds,
both of which are the objectives of many recent studies (Chen et al,, 2000a; Chen et al.. 2000b;
Chen et al., 2000¢; Dai et al,, 2000; He et al., 2000; Jian et al., 2000: Mu and L1, 2000, Sunand
Chen, 2000; Zhu and Xu, 2000}, These two variables are also widely used to define the onset
of SCS monsoon (e,g.. Daiet al.. 2000), In the present study, we also focus on these two vari-
ables,

3. Relationship in the interannual variability
3.1 Composite analy sis bused on convection over the WNP

During the past decade, there have been many studies on the interannual variation of the
onset of SCS monsoon, Recently, Wu and Wang (2000) investigated the interannual variabili-
ty of the onset of WNP monsoon. Therefore, we can compare the interannual variation of
these two monsoons based on the results of these previous studies,

According to Chen et al. (2000c), the years for earlier SCS monsoon onset are 1981,
1984-1986. and 1996, and the years for later onset are 1983, 1987, 19511993, and 1993.
These years are consistent with the extreme years of WNP monsoon (Fig. 4a of Wu and Wang
(2000)), i.e.. earlier {later) onset of SCS monsoon is followed by carlier {later} onset of WNP
monseon.

However. the definitions on the onsets of both SCS and WNP monsoons are somewhat
subjective. Thus, the onset dates may be different in the different studies. The existence of
such differences makes it difficult to clarify the association between the onsets of 3CS and
WNP monsoons. Therefore, in the following. we examine the interannual variability in the in-
tensity of convection and zonal wind, Lu (2001b) investigated the differences in atmosphene
circulation between weaker and stronger convection over the WNP, or more exactly, the re-
gion (110°—160°E, 10°—20°N), where the June—July—August (J}A) mean convection shows a
greal year—to-vyear variability, He chose the years within which the absolute values of the JJA
mean OLR anomalics are greater than half of standard deviation, and performed a composite
study based on these years. The years with a greater OLR {weaker convection) are 1979, 1980.
1983, 1987, 1993, 1995 and 1996 (7 years), and the years with a smaller OLR (stronger con-
vection) are 1981, 1984, 1985, 1986, 1989, 1990 and 1994 (7 years), He found that the convec-
tion anomalies are significantly associated with the zonal displacement of the North Pacific
subtropical high and the strength of zonal winds north and south of the high,

However, Lu (2001b) did not discuss the associated changes over the SCS. In this study,
a similar approach is used to examine the association between the SCS and the WNP mon:
sooms. A region (130°—160°E, 10°—20°N), rather than the region {(110°—160°E, 10° —20°N}
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in Lu (2001b), is used as the WNP in this study. in order to distinguish clearfy the SCS and
WNP. Actually, Wu and Wang (2000) defined the WNP as the region of 120°—160°E, 10°--
20°N, which is adjacent to the SCS. According to the interannual variation of JJA mean con-
vection averaged over the WNP (not shown). the vears for weaker convection are selected as:
1979, 1980, 1983, 1987, 1993, 1995, and 1998 (7 years), and the years for stronger convection
as: 1981, 1984—1986, 1989, 1990, and 1997 (7 years), The criterion of selection is the same as
that in Lu (2001b) except for the average region, These years are very similar to those in Lu
{2001b), showing that the change in the average region does not tesult in a significant differ-
ence in the interannual variation of the JJA mean convection over the WNP. In addition,
these years also bear some similarity with the years of extreme SCS monsoon onset (Chen et
al.. 2000¢), i.e., the weaker convection aver the WNP is associated with the later onset of SCS
monsoon, and vice versa,

A composite analysis is performed on these 7 years of weaker convection and 7 years of
strong convection, Figure 1 shows the composite difference in OLR between the years of
weaker and stronger convection over the WNP (130°—160°E, 10°—20°N). The convection
over the East Asian summer monsoon region is negatively correlated to the convection over
the WNP, which is consistent with the previous studies. Although the composite analysis is
performed according Lo the interannual variation of convection over the WNP, the composite
difference extends westwards remarkably from the WNP to the SCS, suggesting the existence
of consistence between the interannual variability in convection over the WNP and the SCS.

Figure 2 shows the composite difference of zonal velocity at 850 hPa between weaker and
stronger convection over the WNP. Significant easterly difference appears exactly over the
WNP and extends westwards into the Arabian Sea through the SCS, indicating that the SCS
monsoorn, which is closely associated with lower—level zonal winds, is possibly related to con-
vection over the WNP. In addition, there is a westerly anomaly in the subtropical
northwestern Pacific,
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Fig. 1. Composile difference of OLR between the weaker and stronger convection over the tropical
western North Pacific {(130°—]60°E, 10°—20°N), Unit 1s 1n W m™. Contour interval is 5. and zero

contour is not shown, The shading illustrates the significance of differences at 95% level.
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Fig. 2. Same as Fig, 1, but for 850 hPa zonal velocuty. Unit in m /5. Contour intervalis 1 and cero

comntour s not shown, Nate that the longitude scope 1s abse different.
3,2 55T anomalics associated with the W NP monsoon and the SCS monsoon

Figure 3 shows the precursory and simultanecus signals in S8T differences between
weaker and stronger convection over the WNP, For the convenience of comparing with pre-
vious resuits, the S8T differences in preceding November, in January, in April and in July are
given, respectively, In preceding November, there is a negative anomaly in the WNP, and 4
positive anomaly in the equatorial central and eastern Pacific (Fig. 3a). The anomalous SST
pattern becomes slightly more significant in January in both the WNP and the equatorial cen-
tral and eastern Pacific (Fig. 3b), In April, the negative SST anomaly in the WNP becomes
more significant. while the positive anomaly in the equatorial central and eastern Pacific be-
comes less significant (Fig. 3¢). The anomalous SST pattern becomes very weakly signilicant
in July in both the WNP and the equatorial central and eastern Pacific, while there are signifi-
cant positive anomalies in surface temperature west to the Philippines (Fig. 3d), Such a spatial
and temporal distribution of 88T anomalies is very similar to the resulls of Chen et al. (2000c)
(their Fig. 3) and of Wu and Wang (2000) (their Fig. $). This similarity indicates that the
weaker WNP monsoon. and later onsets of WNP and SCS monscons are all related to the El
Nifio—pattern SST anomalies,

Wu and Wang (2000) showed in their Fig. 7c that when the S5Ts exhibit Ei Nifie pattern
in spring, suppressed convection appears around the Philippines in May, moves east of the
Philippines in June. and further eastwards to around 150°~170°E in July. They pointed out
that the suppressed convection in July indicates the delayed seasonal migration of convection
over the WNP. We suggest that the suppressed convection around the Philippines in May is
related to the delayed onset of SCS monsoon. Thus, the seasonal migrations of both SCS and
WNP monsoons are all associated with similar precursory tropical SST signals, which also
indicates the existence of association between the SCS and WNP monsoons.

3.3 A numerical experiment

To investigale whether the convection anomalies over the WNP influence the lower—level
zonal flows over the SCS, we design a numerical experiment by UGAMP GCM in the follow-
ing. The control simulations are with the AMIP climatological SST, averaged over 10 years
(1979—1988). The last 10 years in total 11 years of integration are used as the model control
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climatology. The anomalous simulations are performed with negative SST anomalies of
1°C in the WNP (10°—20°N. 110°~ 160"E). There are six independent integrations with ini
tial data from March 27 to April | of the [ 1th year in the controt simulations, respectively.

ey

ECE 80 °OOF 1200 14CC 160C 180 1GOW 10W 120 10cW

Fig. 3. The composite dilference of S$Ts from Lhe preceding winler 10 summer between the weaker
and stronger convection over the tropical western North Pacific in preceding November {a), Janua
ey {b), April (¢), in July (d). Contour lines are *0.2°C, £05°C, * 1"Cand * 2°C, respectively
The light und heavy shadings illustraie the significance of difference al 55% and 99% ievel,

respectively,
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Fag. 3. The precipiition unonmalies belween the sensiive simulalions with negative SST anomakes
of 1°C 1n the region (10°-20°N, 110°-160°E) and the control. The shading illustsates the sigml.
cance a1 Y0% level (light shading) and 95% level (heavy shading).
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Fig. 5. The anomalies of horizontal winds a1 850 hPa between the scusitive simulations and the coniral.

April and May are left around for spin—up, and the JJA mean differences between the
sensitive and the control runs are examined. Figure 4 shows the difference in total precipita-
tion, The precipitation is significantly less at the WNP due to the lower SSTs over there. Al
though the artificial SST anomalies are put in the SCS as well as in the WNP,_ there are no
significant precipitation anomalies in the SCS. The less significant precipitation in the WNP
indicates significantly weaker convection above there, since the convective rainfall predomi-
nates overwhelmingly total precipitation in the tropics, This result indicates that the artificial
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SST anomalies in the WNP do change the convection over there,

Due to the lower S5Ts and weaker atmospheric convection above, there ure significant
changes in the atmospheric circulation over the WNP. There is an anticyclonic anomaly at 50
hPa (Fig. §). ie. an easterly anomaly and a westerly anomaly in the tropical and subtropical
western Pacific, respectively, These simulated anomalies of horizontal winds are consistent with
the results of Gill (1980), and are in a fairly agreement with the composite difference in zonal
wind based on observation data (Fig, 2), The easterly anomaly extends into the Bay of Bengal,
ie.. extends remarkably westward comparing to the SST anomaly and resultant convection
anomaly (Fig. 4), while the convection anomaly is concentrated over the WNP. The simulated
results confirm that the convection anomalies over the WNP influence the lower—level zonal
wind over the SCS.

4, Different features in seasonal evolution

Figure 6 shows the contour line of 205 W m™* of composite OLR for climatology, stronger
and weaker convection over the WP, respectively, for each pentad from pentad 31 (May 31 to
June 4) to pentad 49 (August 29 to September 2). Fig. 6a shows that in the climatological sense,
convection activity is distinctly different over the WNP before and after pentad 40, which 15 the
time for the onset of WNP monsoon climatologically. Here we adopted the result of Wu and
Wang (2000). rather than that of Murakami and Matsumoto (1994), since the threshold value of
OLR is somewhat larger in Murakami and Matsumoto (1994), After pentad 40 the convective
activity shifts poleward remarkably over the WNP, and the contour line of 205 W™ encloses 4
larger area. indicating that the convection is enhanced,

The composite seasonal evolution of convection activity over the WNP exhibits contrast
features during the summers of stronger and weaker JJA mean convection. Fig. 6b shows the
composite seasonal evolution of convection over the WNP during the summers of stronger JIA
mean convection, It is similar to the climatological evolution (Fig, 6a), Le., the convective activity
shifts poleward and is enhanced after pentad 40. However, the extent of the shift in Fig. 6b 15
much more remarkable than the climatology, The seasonal evolution of convection during the
summers of weaket convection also exhibils 4 jump around pentad 40 (Fig. éc). This jump, how-
ever. is much weaker, in comparison with Fig. 6a for the climatology, especially with Fig. 6b for
stronger convection.

Corresponding Lo the seasonal evolution of convection over the WNP, the 850 hPa zonal
wind experiences a rapid change around pentad 40 over the SCS and WNP (Fig. 7). The
climatological seasonal evolution (Fig, 7a) shows that the westerly increases after pentad 42 over
the SCS and WNP. The seasonal evolution of zonal wind exhibits a distinct difference between
stronger and weaker convection (Figs, 7b and c). During stronger convection summer, the wes!-
erly is much stronger over the SCS and WNP than that during weaker convection summer.

Figure § shows the seasonal evolution of zonal wind averaged over 5°~20°N, the latitudes of
SCS. for stronger and weaker convection, respectively. Around late July, corresponding to rapid
enhancing of convection over the WINP, the zonal wind increases switly over the 5CS and WNP.
Such increase in zonal wind is much more remarkable and occurs earlier for stronger convection
than for weaker convection, In addition, the zonal wind over the SCS is considerably greater for
stronger convection than for weaker convection, especially after late July.
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Fig, 6. Contour lines of 203 W m “ ot penlad mean OLR for ehimatology (a). tor the composites of
weaker (b) and stronger (c) convection summers, respectively, for each pentad in summer, ie., from
pentad 31 (May 31 to June 4) 1o pentad 49 (August 29 to September 2). One contour hne for each
pentad, These contour lines delineate well the intensity and position of convective activity over the
western Pacific in summer, Thin solid lines are for pentad 31 (May 31 1o June 4) to pentad 39 (July 10
lo 14), thick solid lines for pentad 40 (July 15 to 19), and dashed lines for pentad 41 to pentad 49 (Au-
pust 29 10 September 2),
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Fig. 8. Seasonal evolution of the zonal winds averaged over 5"=20"N. (a) for stronger convection, {b)
for weaker convection. Uil s in m./s. The thick lines indicate the contour lines of sero and five,

respectively.
5. Conclusions

Using the NCEP / NCAR reanalysis data and satellite—observed OLR data and a GCM, in
this study we examine the relationship between the WNP monsoon and SCS monsoon. A com
posite analysis based on the JJA mean convection averaged aver the WNP (130°—160°E, 10° —
20°N) shows that the weaker (stronger) convection over the WNP is related to the El
Nifio (La Nifia}-pattern SST anomalies in the preceding winter and in spring. A similar pattern
of the tropical SST anomalies is also associated with the onsets of WNP and SCS monsoons, ac-
cording to a comparison between the present and previous results. This similarity implies that
there is a relationship between the SCS and WNP monsoons, and that both the
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monsoons are influenced by the precursory SSTs in the tropical Pacific.

The composite analysis also shows that the weaker (stronger) convection over the WNP cor-
responds o the eusterly (westerly) anomalies in situ. These zonal flow anomalies extend west-
ward into the Bay of Bengal. Ensemble simulations by using an AGCM show that the lower
SSTs in the WNP lead to weaker convection in situ and lower—level easterly anomalies over the
SCS and the Bay of Bengal, and thus confirm the results based on observation data.

The scasonal cycle shows a remarkable difference between summers with weaker and
sironger convection over the WNP, During weaker convection summer, the seasonal evolution
of convection over the WNP and 850 hPa zonal wind over the SCS is weak, During stronger
convection summer, by conirast, the seasonal evolution of convection over the WNP und 850
hPa zonal wind over the SCS is much more remarkable,

The following description may be synthesized (rom the results obtained from this study. The
preceding SST annomalies in the tropical Pacific influence the seasonal cycle of the SCS and
WNP monsoons during summer, The strong heating over the WNP afler the onset of WNP
monsoon influences the convection and Jower—level circulation over the SCS. which is consistent
with the numerical results obtained by Gitl (1980) from a simple model. The anomalous seusonal
evolution is closely associated with the year—lo—year anomalies of the SCS and WNP monsoons,
The seasonal cycle has advanced during a summer of strong monsoon, and is delayed during a
summer of weak monsoon,

This study shows that the SCS monsoon is associated with the WNP monsoon, which plays
a crucial role in influencing the East Asian summer monsoon, Therefore, the association between
the SCS and East Asian monsoons may be caused Lo some extent by the effect of the WNP mon-
soon.

The authors appreciate the comments from lwo anonymaus reviewers, who has pointed out many mistakes in aur
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