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 Abstract

In this paper. the impact of the tropical
~ western Pacific on the interannual variations
- of the East Asian summer monsoon is ana-
lyzed by using the observed data of TBB.
precipitation and height fields. The analvzed
- results show thar the thermal state in the
(tropical western Pacific has significant influ-
*ence on the interannual variability of the East
Asian summer monsoon. In the summer with
. thé warming state in the tropical western
.i:l’a.f:iﬁ:. the convective activities are intensi
 fied around the Philippines and the convec-
- -_-.fj\re activities indicated by TBB and monsoon
- rainfall are weak from the Yangtze River and
~ the Huai River bazin to Korea and Japan, but
i tn the summer with the cooling state in the
| tropial western Pacific, the convective activi
' ties and monsoen rainfall are opposite to that

Jin the summer with the warming state in the
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2.3 Further Investigation on the Impact of the Tropical
Western Pacific on the East Asian Summer Monsoon

Huang Ronghui®, Ren Baohua" and Huang Gang'

tropical western Pacific.

The analyzed results also show that the
interannual variability of the East Asian sum-
mer mensoon can be described by using the
EAPI index, which is defined by using the
300hPa height anomalies and according to the
P-J oscillation proposed by Nitta (1987) and
the EAP (East Asia/Pacific) pattern telecon
nection suggested by Nitta (1987) and Huang
er al{1987).

2.3.1 Introduction

Recently, many observational facts have
shown that the tropical western Pacific is a
region of the highest SST in the worlds sea
surface. Thus this region is known as "warm
pool’. Due to the warming stare in the tropi-
cal western Pacific, the airsea interaction is
very strong , and the ascending branch of the
Walker circulation is in the region. Thus, the
convergence of the air and moisture leads to
SITONE convective activities and heavy precip-
iation there Nitta (1986) svstematically stud-
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ied the variability of convective activities
over the tropical western Pacific and showed
that the long-term variation of high-cloud
amount is closely associated with the SST in
the tropical western Pacific. Leter on, Nitta
(1987, 1997) . Kurihara (1989) . Huang and Li
(1987) . Huang and Sun (1992) investigated the
impact of the tropical western Pacific on the
East Asian summer monsoon. These investi-
gations have shown that there are close rela-
tions among the thermal state of the tropical
western Pacific, the convective activities over
the tropical western Pacific, the western
Pacific subtropical high and the summer mon-
sooni rainfall in East Asia. Particularly, Nitta
(1987) analyzed the relationship between the
convective activities around the Fhilippines
and that in East Asia from the observed data
of high-cloud amount by GMS-satellite and
put forward the so-called the Pacific-Japan
oscillation, 1 e. the P-J oscillation.

In this paper, thé TBB dataset. which is
GMS-observed 17 % 17 daily data from 1980 to
1892 and coversan area of B0” E-160W*, 60° N-
60°S. the NMC monthly height data from
1951 to 1957 and the height dataset from
1958 to 1994 reanalyzed by NCAR/NCEP
and the precipitation data in China from 1951
to 1994 are used to analyze the interannual
variability of the East Asian summeér mon-
soon. and the convecrive activities in East
Asia and over the tropical western Pacific
and their association with the thermal state in
the tropical western Pacific,

2.3.2 Interannual variability of the con-
veclive activilies associated with the
summer monsoon in East Asia

2N AMEE-FLIFSSal-Foa-1

Huang and Sun (1992) pointed out from the
analyses of height fields and precipitations
that the thermal state in the tropical western
Pacific and the convective activities around
the Philippines may play an important role in
the interannual variability of the East Asian
summer monsoon circulation and rainfall In
this session, the GMS-observed 1° x 1° month.
ly TBB data is used to investigate the inter-
annual variability of the East Asian summer
mMonseon.

TBE data used in this study is the temper-
ature of black body at cloud top retrieveled
from the radiation observed by GMS-satellite,
In an area of cloud-free. TBB indicates the
temperature of black body at the surface. and
the value of TBB mdy be higher. Thus, the
high value of TBB indicates weak convective
activity. On the contrarv, in an area of cloudy,
TBB indicates the temperature of black body
at cloud tep. and the value of TRB may be
lower. Thus, the low value of TBB indicates
strong convective activity. Chen er al. (1996)
pointed out that the results of convective
activities reflected by using TBB data are
very similar to that reflected by using OLR
data. Therefore, in this paper.TBR data is
used to investigate the interannual variability
of the convective activities associated with
the summer monsoon in East Asia

Figure 231 shows the intérannual varia
tions of TBB anomaly in the Yangtze River
and the Huai River basin, averaged for June
August and the area of 112°.122°E 27°.34'
N and that over the tropical westers Pacific.
averaged for June-August and the area of
HO7-150°E 107 N.20° N respectively. It may
be seen from Fig 231 that the interannual

varigtions of the convective activities associal-
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fig.2.3.1 Interannual variations of TBB anomalies averaged for June-August in the Yangtze River
and the Huai River basin, ie. 112°:122°E, 27°-34" N (curve 1) and in the area around the Philippines, i
e. 110" -150" E. 10" -20° N fcurve 2). respectively. Units: K.

ed with the summer monsoon in the Yangtize monspon region. Therefore, the area of strong
River and the Huai River basin is large. In convective activities reflected by using TBB
the summers of 1980, 1982, 1983. 1987 and data are in good agreement with the area of
1989 vears, the convective activities were strong rainfall in the East Asian summer
strong in the Yangtze River and the Hua monsoon region, especially in the Yangtze
River basin. while in the summers of 1981, River and the Huai River basin. Figure 232 is
1984, 1985, 1986, 1988 and 1990 years, the con- the interannual variations of the summer

vective activities were weak there: In the
summer of 1991, the summer monscan rainfall
was very strang and caused severe fload in
the Yangtze River and the Huai River basin.
However, during the summer of 1991, the
maonsoon rainfall was begun from mid-May
and was closed in mid-July.and strong and
heavy rainfall processes were predominant
during the summer monsoon ramiall of 1991
Therefore, the valve of TEB averaged for

June-August of 1991 was not larger, te, sea-

sonal mean of the convective activities for . -
) 1950 1555 960 1567 1970 1975 1880 1585 1990 189S
June-August were not strong in the Yangtze

River and the Huat River basin in the sum: Fig.2 3.2 Interannual variation of the
mer ol 104) summer monseon ranfall anomaly percentage
averaged ior June- August inthe Yangize River
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weetive activitdes i the East Asian summer




monsoon rainfall anomaly percentage aver-
-aged for June-August and the Yangtze River
and Huai River basin. Figure 232 clearly
shows that the summer monsoon rainfal]
anomalies are in good agreement with the
convective activity anomalies reflectd by
using TBB shown in Fig23.1. In the summers
- of 1980, 1982. 1983. 1987 and 1989 vears, the
- summer monsoon rainfalls were strong in the
Yangtze River and the Huai River basin. but
m the summers of 1981, 1985, 1986, 1988 and
- 1990 years. the summer monsoon rainfalls
were weak there. Therefore. the convective
- activity anomalies reflected by using TBB are
| in agreement with the summer monsoon rin.
fall anomalies analvzed by using the observed
precipitation amount. That is to say, the
-'_{:haracterisricﬁ of the East Asian summer
-monsoon varialility can be also described by
L using TBB variability.

I. Cemparf:d the interannual variations of
b TEB anomaly in the Yangtze River and the
-‘HEl River basin with the interannual varia:

tions of TBB anomaly over the tropical west-
_n Pacific around the Philippines, as shown

- Dormalized SSTA
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in Fig231l, it can be clearly found that the
interannual variability of the convective actiy-
ities in East Asia is opposite to that over the
tropical western Pacific around the Phl.llp—
pines in summer.

2.3.3 Characteristics of the distribution
of convective activities in East Asia and
its association with the thermal state of
the tropical western Pacific

The SST anomalies in the tropical Pacific
has a significant impact on the convective
activities over the tropical western Pacific
and the equatorial central Pacific. Figure 233
is the interannual variations of the normal
ized SST anomaly in the tropical western
Pacific (13057 -1505°E, 05° 155°N). It is clear
that in the summers of 1980, 1982, 1983 and
1987 and 1991 vears, the SST anomalies wereg
below normal in the tropical western Pacific,
and this just is the distribution of SST anom-
alies during the occurring and developing
stages of ENSO event but in the summers of

.5. 1505 E. 05" N 15 5°N
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1981, 1984, 1985, 1988 and 1990 years, the SST
anomalies were above normal in the tropical
western Pacific, and this just is the distribu-
tion of SST anomalies during the decaying
stage of ENSO event. as shown in Fig. 2.33.
Compared Fig. 231 with Fig. 233, it may be
found that in the summer with the cooling
case in the tropical western Pacific, the con-
veclive activities are weak over the tropical
western Pacific around the Philippines and
are strong over the equatorial central Pacific,
then the convective activities are intensified
in the Yangtze River and the Huai River
basin. On the contrary. in the summer with
the warming case in the tropical western
Pacific, the convective activities are strong
over the tropical western Pacific and are
weak over the equatorial central Pacific. then,
the convective activities are weak in the
Yangtze River and the Huai River basin.

The above-mentioned results show that the
interannual variability of the convective activ-
| ities associated with the summer monscon in
East Asia has a close relationship with the
distribution of SST anomalies in the tropical
western Pacific. Therefore, in the foliowing,

the distributions of convective activity anom-
alies for the summers with the warming case
and with the cooling case in the tropical west
ern Pacific are analvzed by using the composg
dte analvsis of TBB anomalies, respectively.

- a. In the summer with the cooling case in
 the tropical western Pacific

Figure 2344 is the composite distribution
wof the TBB anomalies in East Asia and the
tropical western Pacific averaged for the
Csumimers of 1980, 1952 Y953 and 1987 yvears.

2.3 R.Huaug. B.Ren and G. Huang 111

As shown in Fig. 234a larger negative anom-
alies of TBB was found in the area from the
Yangtze River basin and the Huai River basin
to Korea and Japan, and large positive anom-
alies of TBB covered a large region including
the Indo-China Peninsula, the northern part of
the South China Sea and the tropical western
Pacific. Besides, another large negative anom-
alies of TBB, whose maximum negative anom-
aly of TBB is below-8C, were found aver
the equatorial central Pacific to the east of
the Indonesia.

The above-mentioned distribution of TBB
anomalies shows that in the summer with the
cooling case in the tropical western Pacific,
the convective activities may be intensified
from the Yangtze River and the Huai River
basin in China to Korea and Japan. and the
convective activities may be weak over the
tropical western Pacific around the Philip-
pines, the northern part of the South China
Sea and the Indo-China Peninsula, Obviously,
influenced by the thermal effect of SST anom-
alies m the tropical Pacific during the occur-
ring and developing stages of ENSO event,
the convective aclivities are very strong
over the eguatorial central Pocific to the east
of the Indonesia.

b, In the Summers with the warming case
11 the tropical western Pacific

Figure 23.4b 15 the vomposine distribution
i the TBB anomalies in East Asia-and the
rropical western Pacific averaged for the sum-
mers of 1981, 1885 and 1988 vears. As shown
i Fig. 234b. positive anomalies of TBB was
bund in the area from the Yanpize Kiver and
the Huar River hasin to South Korea and the
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southern part of Japan. and large negative
anomalies of TBB covered a large region
including the Indo-China Peninsula, the north-
ern part of the South China Sea and the tropi-
- cal western Pacific around the Philippines.
Besides, another large positive anomalies of
IBB were found over the equatorial central
- Pacific to the east of the Indonesia, the soutl:
& part of the South China Sea and the Bay
of Bengal,

The above-mentioned distribution of TBE
anomalies show that in the summer with the
Warming case in the tropical western Pacific.

Fig2.3.4 Composite distributions of TBB anomalies in East Asia and the tropical western Pacifie
averaged for the summers (June-August) with the cooling case (@) and warming case {b} in the tropical
western Pacific, respectively. Shaded areas indecate negative TBB anomalies. Units: K

the convective activities may be weak from
the Yangtze River and the Huai River basin
in. China to Korea and Japan. and the convec-
tve activities may be strong over the tropical
western Pacific around the Philippines, the
nurthern part of the South China Sea and the
Indo-China Peninsula. Obviously. influenced
by the thermal effect of SST anomalies in the
tropical Pacific, the convective activities are
weak over the equatorial central Pacific to
the east of the Indonesia during the occurring
state of ant-ENSO svent.

It may be shown by the distributions of



TBB anomalies both in the summer with the
warming case and in the summer with the
cooling case in the tropical western Pacific
that there is a negative correlation between
the convective activities associated with the
summer monsoon in East Asia and that over
the tropical western Pacific around the Philip-
pines and a positive correlation between the
convective activities in East Asia and that
over the equatorial central Pacific to the east
of the Indonesia. These results are in good
agreement with the results analysed by Nitta
(1987) from the data of high-cloud amount and
by Huang and Sun (1992) from the data of
high-cloud amount and precipitation. More-
over, compared Fig. 234a. with Fig. 234b. it
may be found that the anomaly disiribution of
convective activities in East Asia and the
tropical western Pacific in the summer with
the cooling case are oppesite to that in the
sammer with the warming case in the tropi-
cal western Pacific. This may explain that the
thermal distribution in the tropical Pacific,
especially the thermal state of the tropical
i ‘western Pacific, may play an important role
| in the interannual variakility of the Asian

SUMITEr monsoon.

2.3.4 The definition of East Asian sum-
‘mer monsoon circulation index EAPl and
its relation to the interannual variability of
1he East Asian summer monsoon

Monsoon index is a criterion of measuring
the strength of monsoon, and i may be nged
'.-'fb‘ mvestigate the interapnual variations of
monsoon. T he observed facis have shown
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that the anomaly distributions of convective
activities associated with the summer mon-
soon in East Asia is opposite to that over the
tropical western Pacific. which is in good
agreements with the P-J oscillation proposed

by Nitta (1987) and with the EAP (East

Asia/Pacific) teleconnection pattern suggest-
ed by Nitta (1987) and Huang et al. (1987).
Thus, NMC meonthly data from 1951 to 1957
the monthly data from 1958 to 1994 reana-
Iyzed by NCAR/NCEP are used to define a
index of the East Asian summer monsoon cir-
culation. i.e. the EAPI index. using the {ollow-
ing formula:

EAPI=-025Z (60" N. 125" E) +030Z_
(40° N, 125° E)-0252. (20°N. 125°E) (1)

Where Z.=Z sind5 /singis the seasonal-
mean standard 500 hPa height anomaly at a
grid point. with Z is seasonal-mean 500 hPa
height anomaly at the grid point. and  #is lat-
itude of the grid-point.

a. The relationship between the EAP|

Jindex and the summer monsocon rainfall in

East Asia

Figure 235 shows the interannual varia-
tons of the TAPI index defined by using for-
mulz (1) from 1951 to 1984, Compared Fig
235 with Fig 232 it mav be geen that this
ndex can well reflect the summer munsoon
rainizi apomalies 1 the Yangtze River and
the Hus River basin In the summers with
negative EAPL index. the summier munscen

rainfalls used 1o be above normal in the
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Yangtze Kiver and the Hual River basin. as
shown in Fig. 2.3.2, especially in the summers
of 1954, 1980, 1983 and 1991, the EAPI index
was lower than or equal to — 1. respectivety,
the severe floods occurred there. On the con-
trary, in the summers with positive EAPI
index, the summer monsoon rainfalls used to
be below normal in the Yangtze River and
the Huai River basin, as shown in Fig. 232,
especially in the summers of 1961, 1978 and
1994, the EAPI index was sbove than or
equal to [, respectively, the severe droughts
occurred there, Moreover, compared Fig 235
with Fig. 231, it may be also shown that in
the summers with negative EAYPI index, the
convective acativities are strong in East Asia
from the Yangtize River and the Huat River
basin to south Korea and Japan, but in the
summers with positive EAPI index, the con-
vective activities are weak there. Therefore,
the EAPI index can aiso reflect the anomalies
of convective activities in the East Asian sum-
MEr monseon region

978 1sis  19ss  aese 199 Yewm

The mterannuzl variauons of the EAPI index for the summers from 1951 1o 1994

b. The relalionship between the EAFI
index and the summer monsoon circulation
anomalies

The EAPI index can reflect not only the
summer rainfall and the convective activities
in East Asia, but also the summer monscon
circulation over East Asia. Figures 2.36a and

'23.6b indicate the composite anomaly distrib-

utions of the 500 hPa height fields over East
Asia for the summers with high EAPI index,
ie, EAPIZ>1 and for the summers with low
EAPLindex, ie. EAPI< L respectively. Com-
pared Fig. 236a with 23.6b, the composite
monscon circulation anomaly pattern for the
summer with high EAPI index is opposite to
that for the summer with low EAPI index. In
the summer with lhugh EAP] index. the west
ern Pacific subtropical high is located north-
ward. but in the summer with low EAPI

index. the western Pacific subtropical high
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I, : Igom

“is located southward.

3.5 Relationship betwen the EAPI
" index and thermal state of the tropical
‘westem Pacific

!F As the above menuoned analyses. the EAP]
" index can well reflect the anomalies of con-
* wective activities and monsoon rainfall in East
| Asia and anomalous location of the west Pacif-
“ic subtropical high Compared Fig 235 with
C Fig. 233 1t is clear that there s a clase rela
tionship between the EAP] index and the
BSST anomaly in the trapical western Pacific
eratly. i the summer with the warminge
" State in the tropical western Pacific. the EAPI
.-Tﬁiﬂei mav be higher but in the summer with
lhe copling state in the trapical western Pacif-
i, the EAPI index may be lower The results

ahalysed ir. Secuons 232 233 and 234 show
.ﬂwl i the summer with the warmine state in
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Fig.2.3.6 Composite anomaly distributions of the 500 hPa height fields ever East Asa for the
* summers with high EAPI index (EAPI> 1) and for the summers with low EAPI index (EAPI< ) Units

the tropical western Pacific. i e. the warm
sea water is accumulated in the west Paoific
warm pool. the convective activities are inten-
sified from the Indo-China Peninsula to the
area around the Philippines. but the convec-
tive activities and monsoon rainfall are weak
in East Asia. Moreover. in this case. the EAPI
index is positive and the western Pacific sub-
tropical high shifts northward, as shown in
Fig. 236a. On the contrary, in the summer
with the cooling state in the tropical western
Pacifie, generally this case is in the develop.
ing or thature phase of ENSO event the'con-
veelive activities and monsoon ranfall are
strong in East Asia, but the convecuve activ
1es are weak from the Indo-China Peninsula
to the ared around the Philippioes. Moresver,
in this case, the EAPI index is negative and
the western Pacific subtropical fmigh shifis
southward. as shown in Fig23.6h
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236 Conclusions

“In this paper. the observed data of TBB.
height fields. SST anomalies in the tropical
_j_:'ﬁq' and precipitation in China are used 1o

vestigate the impact of the tropical western
ific on the interannual variations of the
1 Astan summer monsoon.
| Firstly. the East Asian summier mensoon
ulation index. ie. the EAPI index. is

s over Fast Asia in summer according to
P oscillation proposed by Nitra (19758
_-'l!ht" EAP (East Asia/Pacific) pattern tels-
inection suggested by Nitta (1987) and
ng-et al (1987), This index not prly can
 describe the summer monsoon circula
) anomalies. but also can reflect the anom:

e a5 foliows ;
"Ihe thermal state of the (ropical western
icific has a large influence on the interanny-

In the summer with the WArTIRE State
lithe tropical western Pacific, the EAPI
L may he positive. the convective activi
are intensified from the lnde-China Pemin.
10 the area around the Philippines: but
Convective activities and monsoon rainfall
eak in East Asia from the Yangtze Riv-
fand the Huni River basin 1o Korean Penis-
Qi and Japin Moreover, in this citse, the
rn Pacific subtropical high shilts north.
3 On the contary, in the summer with

B el s tate 118 the trapical western -

ic, the EAPI index may be negative, the con-
vective activities are weak from the Indo-Chi.
na Peninsula to the area around the Philip-
pines. but the convective activities and mon-
soan rainfall are intensified in East Asia from
the Yangtze River and the Huai River basin
to Korean Peninsula and Japan, Moreover. in
this case, the western Pacific subtropical high
shifts southward. Influenced by the P-1 oscilla-
tion proposed by Nitta (1987) or the EAP pat-
tern tele-cannection suggested by Nitra (1987)
and Huang et al (1987). there is a negative
correlation between the convective activities
in East Asia and that over the tropical west-
ern Pacific around the Philippines,
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