Met eorol ogical Society of Japan

Journal of the Meteorological Society of Japan, Vol. 73, No. 4, pp. 795-809, 1995 795

Abrupt Seasonal Change of Large-Scale Convective Activity

over the Western Pacific in the Northern Summer

By Hiroaki Ueda and Tetsuzo Yasunari
Institute of Geoscience, University of Tsukuba, Ibaraki 305, Japan
and
Ryuichi Kawamura

National Research Institute for Earth Science and Disaster Prevention, Tsukuba, Ibaraki 305, Japan

(Manuscript received 7 February 1995, in revised form 6 June 1995)

Abstract

Seasonal variations of large-scale convective activity and wind over the western Pacific are examined
using Geostationary Meteorological Satellite infrared equivalent blackbody temperature (Tgp) and Euro-
pean Center for Medium range Weather Forecast (ECMWF) global analyses over a 10-year period from
1980 to 1989. In particular, this study describes an abrupt northward shift of large-scale convective activity
over the western Pacific around 20°N, 150°E in late July. The enhanced convective activity is coincident
with strong cyclonic circulation there which induces westerlies to the south of the cyclone and easterlies to
the north of it. It is emphasized that this strong cyclonic circulation appears suddenly over the subtropical
western Pacific region. Monsoon westerlies to the west of 110°E are not similary accelerated at the same
time, indicating that this abrupt change is independent of the Asian monsoon system. To the north, an
anticyclonic circulation is generated, which corresponds to the withdrawal of the Baiu season over Japan.
Furthermore, this abrupt northward shift of large-scale convective activity is shown to be associated with
tropical cyclone activity.

In the mid latitudes, geopotential height pattern between pre- and post-northward shifts of the large-
scale convective activity in late July exhibit equivalent barotropic vertical structure, suggesting the Rossby-
wave propagation emanating northeastward from the enhanced convective region around 20°N, 140°E
(western Pacific) to as far north as 60°N, 180° (Bering Sea).

Another feature is that the seasonal increase of sea surface temperature (SST) over the key area
(20°N, 150°E) precedes abrupt convective enhancement by about 20 days, exceeding 29°C in early July.
It is inferred that the northeastward extension of the warm SST tongue is intimately associated with the
enhanced convection in late July. This result suggests that SST warming is not a sufficient condition but
certainly one important ingredient for the abrupt northward shift of convections.

1. Introduction the monsoon. Nakazawa (1992) showed that in the
OLR and wind field two active phases of intrasea-
sonal variability (ISV) with periods of 30-60 days
are both phase-locked with seasonal cycles. En-
hancements are observed in both large-scale con-
vective activity and low-level monsoon circulation
fields. The first development occurs in late May and
early June over the Indian Ocean which is concur-
rent with the climatological onset of the South India
and southern Japan monsoon. A second intensifi-
cation occurs in late July over the western Pacific,
which is closely related to the active phase of the
monsoon in middle July over the Indian Ocean. At

Ample evidence has shown that seasonal changes
of various elements of the Asian monsoon are quite
discontinuous in spite of a continuous seasonal vari-
ation of solar elevation. Matsumoto (1989, 1990)
showed that seasonal discontinuous changes in out-
going long-wave radiation (OLR) and wind field oc-
cur almost simultaneously over wide regions in the
tropics. Based upon these drastic changes, Mat-
sumoto (1992) divided a year into eleven sub-
seasons and claimed that these sub-seasons are
closely associated with the advance and retreat of
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Fig. 1. Latitude-time sections of 10-year (1980-1989) averaged 5-day mean Tpp and 850 hPa wind
averaged (a) between 120° and 130°E and (b) between 150° and 160°E. Arrows are for direction and
speed of winds (unit vector 10 ms_l). Tgp contour intervals are 5 K, and heavy shading denotes
areas of less than 265 K, while light shading denotes temperatures between 265 and 270 K.
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this time, (1) the monsoon westerlies “suddenly” ex-
tend over to the western Pacific as far east as 150°E,
and (2) the anticyclonic circulation near Japan in-
tensifies, resulting in the withdrawal of the Baiu (re-
sistant frontal rain around Japan). Tanaka (1992)
investigated the seasonal cycle and the onset and
retreat dates of the summer monsoon in East Asia,
southeast Asia and the western Pacific. Using upper
clouds amount data, Tanaka showed that the rapid
northward movement of cloud bands over these re-
gions is phase-locked with intraseasonal perturba-
tions.

Meridional heat contrast over the western Pacific
1s not large compared with the southeast Asian mon-
soon domain (T. Murakami, 1993). T. Murakami
and Matsumoto (1994) indicated that the abrupt
enhancement of convective activity seen in early
June over the western North Pacific is caused by
zonal low-level convergence due to the strong SST
difference between the central and western North
Pacific. They also suggested that the peak mon-
soon phase in middle August has a close relationship
with a prominent wave packet of eastward-moving
intraseasonal perturbations. Nakazawa (1992) fur-
ther showed that the convective enhancement in late
July has a close connection with eastward-moving
ISV perturbations. He also pointed out that this en-
hanced convection results in the withdrawal of the
Baiu season around Japan. However, the physical
processes responsible for convective enhancement in
late July are not well known. We use a 40-year track
of tropical cyclones to examine whether tropical cy-
clones become major convective systems for the en-
hanced convection. It is also of interest to examine
how SSTs in the subtropical western Pacific play a
role in the occurrence of abrupt changes in large-
scale convection.

Based on detailed observational analyses of the
abrupt seasonal evolution over the western Pacific,
the following questions are addressed: (1) What
types of convective systems and circulation exist
during the abrupt change in late July?, (2) Are there
abrupt change in tropical cyclone tracks?, (3) What
is the role of SST upon the abrupt change in con-
vection?, and (4) What mechanisms are responsible
for the withdrawal of the Baiu around Japan?

We first describe data and methods in Section
2. In Section 3, characteristic features of abrupt
change in large-scale convective activity, wind fields
and geopotential fields in late July are presented.
In Section 4, the association of the abrupt change of
convection with the track of tropical cyclones is de-
tailed. In Section 5, the role of SSTs in the enhance-
ment of convection is discussed, while Section 6 is
devoted to discussions of the associated atmosphere
circulation in the mid (high) latitudes. Conclusions
are given in Section 7.
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2. Data

Data used in this study are 1° by 1° grid mean
brightness temperature (Tpp) obtained from the
Geostationary Meteorological Satellite (GMS) com-
piled by the Japan Meteorological Agency (JMA)
from 1980 to 1989. They are a useful index of large-
scale tropical convection. The objective analysis
dataset for the concurrent 10-year period analyzed
by the European Center for Medium range Weather
Forecast (ECMWTF) is also used. Climatological 5-
day mean data are then evaluated by averaging Tp
and global analyses over the 10-year period. In or-
der to examine relationships with tropical convec-
tion, we also utilized 10-day mean sea surface tem-
perature (SST) data (at a resolution of 1° latitude-
longitude) over the northwestern Pacific from 110°E
to 179°E between the equator and 52°N for the pe-
riod January 1980 to December 1989. Charts of
tropical cyclone tracks analyzed by the Typhoon
Center of JMA for 40 years from 1951 to 1990 are
also used in this study.

3. Seasonal changes over the western Pacific

3.1 Tpp and wind fields

Figure 1 shows latitude-time sections of the 10-
year mean 850 hPa wind and Tgp fields averaged (a)
between 120° and 130°E, and (b) between 150° and
160°E from January to December. The arrow indi-
cates the horizontal wind direction and shading de-
notes areas of Tpp of less than 270 K showing most
active convection in the tropics. In the upper panel
of this figure, large-scale convection becomes active
from December to February in the Southern Hemi-
sphere tropics between the equator and 10°S where
west winds are dominant. It is apparent that convec-
tive activity is relatively weak from March to May in
both hemispheres. Suddenly, an area of active con-
vection appears near the Philippines between 5°N
and 15°N in early June and persists until October
in agreement with observations by T. Murakami and
Matsumoto (1994). Low-level west winds become
dominant from mid-June to early September. In
addition, we see the development of a low Tgp area
around 25°N-35°N from middle May to middle July
which is congruent with wet weather along the mid-
latitude frontal zone (called the Baiu front).

In the lower panel, enhancement of tropical con-
vection between 10°N and 10°S is found to oc-
cur basically on climatological intraseasonal time
scales. The region of active convection abruptly
shifts northward from south of 10°N up to 25°N
in late July and, at the same time, the area with
Tpp less than 270 K suddenly disappears in midlat-
itudes, indicating the withdrawal of the Baiu near
and east of Japan. FEasterlies prevailing over the
western Pacific suddenly become weak and are re-
placed by southerlies when convection is activated
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Fig. 2. Pentad mean map of 10-year averaged 850 hPa wind (unit vector 10 ms™') and T (5 K
interval) fields (a) Pentad 41 (July 20-24) and (b) Pentad 42 (July 25-29). A scale vector is shown
at the upper-right of each figure. Heavy shading denotes areas with Tes less than 265 K, while light

shading is for areas between 265 and 270 K.
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Fig. 3. Differences Pentads 42-43 minus Pentads 40-41 in Tsp and 850 hPa wind fields (a), and Tss
and 200 hPa wind fields (b). The unit wind vector is 10 ms™! and the Tgg contour interval is 2 K.
Heavy shading denotes areas of less than —8 K, while light shading is for areas between —2 and

-8 K.

over the subtropical region between 15°N and 25°N
from late July to middle August. After this first
enhancement of convection in late July, convection
suddenly suppresses with light winds during a brief
period after the end of July to early August. This is
followed by a second period of enhanced convection
occurring again in the same region in early August.
After September, active convection moves rapidly
southward to 10°N and a dominant southerly com-
ponent of 850 hPa winds is no longer observed over
the subtropical western Pacific.

In order to examine the spatial structure of the
abrupt change in late July, the horizontal distribu-
tion of the 5-day mean 850 hPa wind and Tgp is
shown in Fig. 2. A low-Tgp area of less than 260 K
is evident over the Bay of Bengal and the Indo.
china Peninsula where low level monsoon westerlies

are dominant; we can also find a low-Tgp area to
the north of 45°N. These low values are a reflec-
tion of the cold surface not the active convection.
Prior to the abrupt change at Pentad 41: July 20-
24 (upper panel), the intertropical convergence zone
(ITCZ) is located along 5°-10°N over the tropical
western Pacific. Also evident is the low Tgp over
Japan and Korea along the Baiu front. Further-
more, the Tgp is less than 260 K over the maritime
continent, (i.e., the Philippine Islands, Borneo, New
Guinea and other small neighboring islands). In
this vicinity, convection is active during day time
(M. Murakami, 1983; Nitta and Sekine, 1994). As
for the wind field, westerlies prevailing over the Bay
of Bengal and Indo. china Peninsula turn to south-
westerlies while approaching the northern Philippine
Islands, eventually reaching the Korean Peninsula
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Fig. 4. Time-longitude section of 850 hPa
relative vorticity averaged between 20°
and 30°N with contour intervals of
2.5 s7'. Light shading indicates region
of greater than 2.5 s, and heavy shad-
ing indicating regions less than —2.5s7*.

and Japan. By contrast, easterlies dominate over
the tropical central and western Pacific east of 150°E
and divide into two branches, one branch is directed
toward the northern Philippines, the other branch is
directed northward along about 150°E. The former
branch merges with monsoon southwesterlies near
Taiwan. In the Southern Hemisphere, easterlies are
predominant between the equator and 20°S.

Figure 2b (at Pentad 42: July 25-29) depicts fea-
tures during the abrupt change. One notes drastic
changes in Tpp and wind occurring over the trop-
ical western Pacific. The Tgp area of less than
260 K around 20°N, 150°E clearly indicates active
convection. Another intriguing feature of Fig. 2b is
that Tgp areas of less than 270 K disappear around
Japan in a manner closely related with the with-
drawal of the Baiu season. In the wind field, low-
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level westerlies extend eastward to the active con-
vective region around 150°E, while low-level easter-
lies retreat to about 150°E. Thus westerlies converge
with easterlies near 20°N, 150°E, and the resultant
winds become southerly. Southerly winds further
change direction to southeasterly and reach south
of Japan.

Figure 3 shows the differences in Tgp and wind
between Pentads 40-41 and 42-43. The top panel
clearly shows that lower Tgp (i.e., enhanced con-
vection) is located over the western North Pacific
with its cenfer around 20°N, 150°E. Enhanced con-
vective activity corresponds with an anomalous cy-
clonic circulation at 850 hPa with westerlies to the
south of the cyclone and easterlies to the north of
it. North of the easterlies, an anticyclonic circula-
tion is generated, which corresponds to the with-
drawal of the Baiu around Japan. Differences in
Tpp and 200 hPa winds, (Fig. 3, bottom) reveal
a relatively weak anticyclonic circulation anomaly
around the lower Tgp area. Features over the active
convective area suggests a baroclinic vertical struc-
ture with convergence in the lower troposphere and
divergence in the upper troposphere. Also of inter-
est is the presence of a large anticyclonic circulation
anomaly extending from 100°E to the dateline along
45°N.

The zonal scale of the abrupt change in late July
is examined by constructing a longitude-time cross
section of 850 hPa relative vorticity averaged be-
tween 20°N and 30°N (Fig. 4). In general, positive
(negative) vorticity tends to be distributed to the
west of 110°E (to the east of 140°E), which cor-
responds to the Indian monsoon circulation (North
Pacific high circulation). Occasional eastward ex-
tensions of positive relative vorticity are observed
from late May to middle June, and between late
July and late September. Of particular interest is
a positive vorticity area appearing over the west-
ern Pacific in late July, which is consistent with the
abrupt northward shift of large-scale convective ac-
tivity. At this time, the zonal scale of positive vor-
ticity over the western Pacific is approximately 50
degrees of longitude from 110° to 160°E.

3.2 Geopotential height fields

Figure 5 shows 1000 hPa geopotential heights at
Pentads 41 (upper panel) and Pentad 42 (lower
panel). At Pentad 41, the main axis of the subtrop-
ical ridge extends close to south of Japan around
25°N and a trough extends from the west and cov-
ers East Asia and Southeast Asia. After this period,
drastic changes occur over and to the east of Japan,
as shown in Fig. 5b. The monsoon trough in the
western Pacific shifts northward to 20°N and ex-
tends eastward to about 150°E, which is congruent
with the northward shift of tropical convection. The
western edge of the subtropical ridge moves north-
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Fig. 5. Pentad mean maps of 10-year averaged geopotential height at 1000 hPa (a) Pentad 41 (July
20-24) and (b) Pentad 42 (July 25-29). The contour intervals are 5 gpm. Light shading indicates
region of greater than 100 gpm, while heavy shading is for region less than 75 gpm.

ward and dominates over Japan by Pentad 42, indi-
cating the commencement of the dry summer season
in Japan. These features in late July are consistent
with Nakazawa (1992), although there is a slight
difference with respect to the timing of the abrupt
change between his results and ours, because we de-
fine the date of abrupt change as the 42nd pentad
(July 25-July 29). However, his results are based on
a 10-day interval of daily mean and he considered
the drastic change to occur at July 30. The aver-
age date of withdrawal of the Baiu season around
Japan occurs before July 30 and is the reason why
it is probable that the abrupt change can be found
at Pentad 42. Furthermore, the vertical structure
of the geopotential height field is not discussed by
Nakazawa (1992); we further investigate this struc-
ture in the next subsection.

Differences in geopotential height between Pen-

tad 40-41 and 42-43 are examined at various verti-
cal levels. At 1000 hPa (Fig. 6a), marked negative
height anomalies are found in the region of 20°N-
30°N, 130°E~140°E, whereas positive anomalies are
located from northern China to east of Japan. Neg-
ative anomalies are also observed near the Aleutian
islands. 500 hPa geopotential heights (Fig. 6b) ex-
hibit negative anomalies at nearly the same loca-
tions as those in the 1000 hPa height field with zon-
ally elongated positive anomalies over the middle
latitude region around 40°-50°N. Negative height
anomalies are seen again north of 55°N. At 200 hPa
(Fig. 6¢), one should not overlook the appearance
of negative anomalies over the subtropical western
North Pacific around 20°N, 140°E-150°E. Over the
mid-latitude region from 40°N to 50°N, remarkable
positive height anomalies extend zonally from the
northern China-North Pacific region. Anomaly pat-
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10 gpm. Light shading is for greater than 10 gpm, while heavy shading for less than —10 gpm.
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Fig. 7. Meridional profiles of geopoten-

tial height averaged between 130° and
150°E at (a) 1000 hPa, (b) 850 hPa, (c)
500 hPa and (d) 200 hPa, respectively.
The broken, bold and solid line indicates
differences between Pentads 39-40 mi-
nus 37-38, between Pentads 42-43 mi-
nus 40-41, between Pentads 45-46 mi-
nus 43-44, respectively.

terns over the active convective area indicate a baro-
clinic vertical structure with an anomalous cyclone
in the lower troposphere (Fig. 6a), as contrasted
with an anomalous anticyclone in the upper tro-
posphere (Fig. 6¢). On the other hand, over the
middle latitude region of 35°N-55°N, geopotential
height anomalies exhibit barotropic structure in the
vertical.

In order to examine time changes of geopoten-
tial height between three phases before, during, and
after the abrupt jump of the active convection in
late July, three meridional time sections at each
geopotential height level averaged between 130°E
and 150°E were constructed. In Fig. 7, broken,
bold, and solid lines represent changes in geopoten-
tial heights for the three phases; Pentads 39-40 mi-
nus Pentads 37-38, Pentads 42-43 minus Pentads
40-41, and Pentads 4546 minus Pentads 43-44, re-
spectively.

At 1000 hPa (Fig. 7a), the bold line reveals a sig-

nificant meridional variation with two minima at
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Fig. 8. Difference in 200 hPa temperature
between Pentads 42-43 minus Pentads
40-41 with a contour interval of 0.5 K.
The shaded areas denote a positive tem-
perature difference greater than 0.5 K.

25°N and 55°N and one maximum at 40°N. The
minimum value at 25°N corresponds to active con-
vection in late July and the maximum value around
40°N is considered as a result of the Rossby response
by enhanced convection around 25°N. It is interest-
ing to note that this pattern can not be clearly rec-
ognized at phases before and after the abrupt change
(the broken and solid line), except for around 40°N-
50°N with broken line (“Before”). Before the abrupt
change, an increase of geopotential height north of
35°N is thought to be a continuous maturing pro-
cess of the summer season in midlatitudes. During
the jump period, the increase of geopotential height
north of 35°N is slightly greater than at other peri-
ods. In addition, a decrease of geopotential height
north of 55°N at the jump period is evident com-
pared with other periods of “Before” and “After”
which may be caused by Rossby wave response. Sim-
ilar patterns are also found at 850 hPa (Fig. 7b),
500 hPa (Fig. 7c) and 200 hPa (Fig. 7d), each show-
ing positive (negative) anomalies over mid-latitudes
around 45°N (north of 60°N and near 25°-30°N of
enhanced convection). This stands in sharp con-
trast with geopotential patterns before and after the
abrupt change. In this manner, the abrupt change
in late July is extremely peculiar when compared to
other phases from June to August.

Relations between atmospheric temperature and
convection are shown in Fig. 8, depicting differ-
ences in 200 hPa temperature for Pentads 42-43
minus Pentads 40-41. Shading denotes warming
greater than 0.5°C. A warming maximum of 1.5°C
can be found over the subtropical western Pacific
near 25°N, 140°E, which is separated from a mid-
latitude warming region north of 40°N. Of course,
warming over the subtropical western Pacific corre-
sponds to an atmospheric response to convection, as
shown in Fig. 3. However, the heating rate of 1.5°C
per two pentads is not particularly large and, ac-
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Fig. 9. Tracks of typhoons and tropical depressions over the period from 1951 to 1990 at (a) Pentad 41
(July 20-24), and (b) Pentad 42 (July 25-29). The solid (broken) lines indicate typhoons (tropical
depressions). Also shown is 10-year averaged pentad mean Tpp with heavy shading for less than
265 K, and light shading for 265 to 270 K.

cordingly, the 200 hPa anticyclone in Figs. 3b, and
6¢c is not very significant, either.

4. Tropical cyclone activity in late July

As pointed out by Kawamura et al. (1994), tropi-
cal cyclone activity is likely to be closely associated

with the abrupt northward shift of large-scale con-
vective activity in late July. Nakazawa (1992) exam-
ined tropical cyclones in July using longitude-time
cross sections of tracks of tropical cyclones averaged
between the equator and 15°N, as well as between
15°N and 30°N for the period 1871 to 1982, and con-
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Fig. 10. Latitude-time sections of 10-year
averaged 10-day mean SST averaged
(a) between 130°-140°E and (b) be-
tween 150°-160°E. The contour inter-
val is 0.5°C. Shading denotes areas of
greater than 29°C.

cluded that more tropical cyclones are observed in
July compared with June and August. We further
examine the relationships between abrupt change of
the convective activity and the tropical cyclone in
late July (Pentads 41, 42) utilizing cyclone tracks
from 1951 to 1990 produced by the JMA.

Figure 9 shows tracks of tropical cyclones for (a)
Pentad 41, and (b) Pentad 42, which correspond
to phases before and during the abrupt change in
Tpp fields, respectively. In Fig. 9a, tropical cy-
clone tracks seem to be divided into two groups:
one westward-moving group from the western Pa-
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@ SST 10-day mean (June 21 —30)
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160E

Fig. 11. 10-day mean map of 10-year aver-
aged SST (a) June 21-30 and (b) July
1-10. The contour interval is 0.5°C. The
shaded areas are for SST greater than
29°C.

cific around 5°N-15°N, 140°E-150°E to the south-
ern part of China and one northward-moving group
toward the Kuroshio region south of Japan. A
typhoon free area is noted around 15°-20°N from
140°E to 150°E. Tracks of tropical cyclones at the
abrupt change (Fig. 9b) clearly indicate more fre-
quent development of tropical cyclones over the
western Pacific around 15°N-25°N, 140°E-150°E.
In contrast, no tropical cyclones formed to the east
of 155°E. Enhancement of large-scale convective ac-
tivity around 20°N, 150°E at Pentad 42 as derived
from Tgp corresponds with a remarkable increase
in the frequency of tropical cyclones over the same
region. Thus, long-term tropical cyclone data (40
years) confirm that the abrupt change in convec-
tive activity at Pentad 42 can be regarded as signif-

icant, rather than an artifact due to short sampling
of ECMWF and Tggp data.

5. Seasonal change of SST

Sea surface temperature (SST) must be one of
the important physical factors for the determina-
tion of convective activity. In this section we inves-
tigate characteristic features of seasonal evolutions
of SST over the western Pacific, in particular dur-
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ing July. Figure 10 shows latitude-time sections of
SST averaged over (a) 130° through 140°E, and (b)
150° through 160°E. Gadgil et al. (1984) showed
that convection is abruptly enhanced when SST rises
more than 28 to 29°C over the tropical ocean. Sea-
sonal changes of SST along 130°-140°E (Fig. 10a)
during July are both continuous and slow. Here,
SSTs at 20°N rise gradually from March to middle
July and the warmest conditions (in excess of 29°C)
persist until the end of September. On the other
hand, seasonal evolution of SST around the corre-
sponding region of enhanced convection (Fig. 10b) is
quite different from spring to summer . SSTs higher
than 29°C suddenly appear between 18°N and 22°N
in early July. The increase in SST leads to enhanced
convection over the same region about 20 days later.
In contrast, SST remains less than 29°C to the south
between 8°N and 18°N until the end of July. More-
over, SST higher than 29°C once again occurs at
almost the same latitudes in early to middle Au-
gust, followed by a decrease in middle to late Au-
gust from 18 to 21°N. It is noteworthy that an SST
rise to more than 29°C precedes active convection
by about 20 days.

Figure 11 represents the spatial distribution of
10-day mean climatological SST for (a) late June
and (b) early July. At the end of June (Fig. 11a),
the area of SST exceeding 29°C is found to extend
northward up to 20°N and eastward of 150°E. In
early July, the area with SST higher than 29°C
further extends northward to 22°N, while a some-
what peculiar eastward extension of SST higher than
29°C occurs from 150°E to 158°E along about 20°N.

Here arises a question: why does SST increase
over the above region in early July? Hsiung and
Newell (1983) showed good correlation between SST
and incoming solar radiation over the Pacific on in-
terannual time scales. However, interactions in the
seasonal evolution is not clearly understood. From
the figure of 5-day mean 850 hPa wind and Tgp at
Pentad 37: June 30-July 4 (not shown), which cor-
responds to the period of abrupt SST warming in
early July, the ITCZ is located along the equator
and 10°N over the tropical Pacific, while active con-
vection can not be found north of the ITCZ to 30°N
over the subtropical western Pacific. As for winds,
easterlies prevail over the tropical western Pacific
to the east of 130°E and direct toward southward
of Japan, merging with monsoon westerlies. Con-
fluent winds further change direction to southwest-
erlies over the subtropical western Pacific around
30°N. Of particular interest in this figure is that very
weak winds and a high Tgp of more than 285 K
can be seen over the region around 20°N between
140°-150°E, which is coincident with the abrupt
SST warming region in early July. It is speculated
that strong insolation and decreases of both turbu-
lent mixing and evaporative cooling due to inactive

Journal of the Meteorological Society of Japan

Vol. 73, No. 4

convection and weak winds may lead to SST warm-
ing. On the other hand, it is possible that strong
easterlies dominate south of the abrupt-change re-
gion of SST between 10°-18°N (Fig. 11b), which
induce turbulent mixing of underlying water which
may suppress SST warming. However, further stud-
ies are needed to clarify how SST in the subtropical
western Pacific is related to the atmosphere on sea-
sonal time scales.

Recall that the warm SST tongue around 20°N,
155°E in early July coincides closely with enhanced
convection during late July, i.e., about 20 days later.
These results suggest that SST warming is not a
sufficient condition but rather an important condi-
tion for convective activity. At present, however,
whether SST increases are really responsible for the
enhancement of the convection after 20 days is not
clear.

6. Response of extratropical circulation

This study indicates that the abrupt northward
shift of large-scale tropical convective activity has
a strong influence on the extratropical atmosphere.
Nakazawa (1992), based on climatological OLR and
1000 hPa geopotential height, discussed relation-
ships between withdrawal of Baiu near Japan and
tropical convection and concluded that northward
extension of the subtropical ridge in late July is inti-
mately associated with the northward shift of large-
scale tropical convective activity in the western Pa-
cific. To clarify the vertical structure and poleward
propagation of stationary Rossby waves, differences
in both 1000 hPa and 500 hPa geopotential heights
between Pentads 42-43 and 40-41 are presented
in Fig. 12. The 1000 hPa geopotential difference
pattern (Fig. 12a) shows negative anomalies over
the tropical western Pacific, and positive anomalies
covering the midlatitudes, northeast China, east of
Japan, and prominent negative anomalies appear-
ing over the Aleutian Islands and the northwest Pa-
cific. One notes similar anomaly patterns at the
500 hPa geopotential difference field (Fig. 12b), thus
implying an equivalent barotropic structure in wave
trains. These results indicate the possibility that
a stationary Rossby wave is forced and propagates
from the enhanced convective region to the extrat-
ropical regions, which may bring about withdrawal
of the Baiu and commencement of summer season
near Japan.

Existence of Rossby wave propagation generated
by the heat source located in the tropical western
Pacific, which is associated with ISV, has been sug-
gested by Nitta (1987). He showed that high pres-
sure anomalies over East Asia and the northwestern
Pacific can be understood as a result of frequent
occurrences of Rossby wave propagations generated
over the maritime continent during anomalous warm
SST summers. However, our results are different
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(a) Z(1000hPa) Difference [(P.42,43) —(P.40,41)] 1980 —89

& i iSe |

(b) Z(500hPa)  Difference [(P.42,43)—(P.40,41)] 1980—89

Fig. 12. Differences in the geopotential height for Pentads 42-43 minus Pentads 40-41 at (a) 1000 hPa
and (b) 500 hPa. The contour interval is 10 gpm. Light shading denotes regions with greater than (a)
20 gpm and (b) 50 gpm, while heavy shading is for region less than (a) —20 gpm and (b) —50 gpm.

NACSI| S-El ectronic Library Service



Met eorol ogi cal

Society of Japan

808

from his in terms of the time scale and the place
because his results are based on a warm SST sum-
mer season and Rossby-wave trains starting near the
maritime continent. Our study reveals the signa-
ture of a Rossby wave-like propagation from around
25°N, 140°E over the subtropical western Pacific
in late July which is climatologically phase locked.
Kurihara and Tsuyuki (1987) also investigated re-
lationships between development of the subtropical
high around Japan and convective activity over the
northwestern tropical Pacific during August 1984.
By using a linear shallow water model, they exam-
ined the atmosphere response to forcing north of the
Philippines, and claimed that development of the
barotropic high near Japan is associated with energy
dispersion from barotropic Rossby waves excited by
intensified convection. Kawamura and Tian (1992)
selected the singularity of fine weather in Japan and
examined relationships between its maintenance or
breaking mechanism and the 500 hPa geopotential
field anomaly pattern. They suggested that fine
weather in late July (Pentad 42) in Japan is closely
associated with the Rossby wave propagation from
low latitudes of the western Pacific. Their finding
supports our study with respect to a climatological
phase-lock feature of the Rossby wave propagation.
In conclusion, the point we would like to empha-
size is that the northward shift of large-scale con-
vective activity primarily associated with tropical
cyclones in late July has an impact upon the with-
drawal of the Baiu near Japan, as well as upon
climatic changes over the Northern Pacific via the
starting of Rossby wave propagation. It is suggested
that tropical cyclones are a major rain producer
and provide energy sources for possible barotropic
stationary Rossby wave propagation from the sub-
tropical western Pacific to the midlatitudes in late
July. In addition, it is important that this Rossby
wave propagation can be observed in the seasonal
cycles at Pentad 42, which is essentially different
from Nitta’s result on the aspect of time scale.

7. Concluding remarks

Major findings obtained in this study are summa-
rized as follows:

1) Climatological 10-year mean pentad values
of Tpp, wind and geopotential fields clearly show
abrupt seasonal changes occurring over the western
Pacific in late July. Particularly, an abrupt north-
ward shift of active convection is noticeable from
10°N up to 25°N.

2) Enhanced convective activity over the subtrop-
ical western Pacific during late July around 20°N,
150°E corresponds to a cyclonic circulation in the
lower troposphere and an anticyclonic circulation in
the upper troposphere.

3) During the abrupt change, the monsoon trough
over the western Pacific in the lower troposphere ex-
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tends southeastward through the active convective
region near 150°E. The subtropical ridge rapidly
moves northward and covers Japan, which marks
the end of the Baiu rainy season there. Differences
in geopotential heights associated with the abrupt
change clearly exhibit a barotropic structure from
the subtropical western Pacific to higher latitudes,
which suggests that the Rossby wave propagation is
forced by the enhanced convection to the south of
Japan.

4) A dramatic change of tropical cyclone tracks
is also noticed based on the 40-year cyclone data
before and after the abrupt northward shift of en-
hanced convection activity seen in the Tgp field,
which actually contributes to the abrupt seasonal
change of large-scale convective activity.

5) Before the abrupt change in late July, we found
a drastic change of SST in the region where the
abrupt change occurs. In early July, a warm SST
pool in excess of 29°C around 20°N extends east-
ward from 150°E to 158°E, which is collocated with
the activated convective region in late July, with a
20-day time lag. These results indicate the impor-
tance of SST warming on the abrupt northward shift
of tropical convection.
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EHERBFFEAFEELICE T 3 KRR EHORR A FHEL
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(BLPCK S BRFH £/ FERH
RRY=
(FUER S HBRF 2R )
NFtiE—

(B REFFAL AT SEAT)

PEK P LD KRB AIRIES) & RSO BEHELE . HIE[REEOKRINBAEEGHEE (Tee) & I —
oy ¥R v — (ECMWF) 23REBMTT — 2 2 T, 1980 2 5 89 4E 10 iz b 72 1
BEMT L 72, FRIC. ARBFFE TIPSR FEE 20°N, 150°E (8 0K BBEAFHIEE . 7 A Talcakicdt k3
52 EZEBMT S, ERLLAMREINIZ S ITHRVETESRBRZEN B L. ZOE[EDOEHEHICTEE,
LM HEAEFI SR T, ZOBNVERESERRIIAETBEAREELICZRE NIRRT S, LirL, FEE
D 1NE LIFNE v X —CFRASARIIMEL TE ST, TORMAEILEBT YV TELR—V VAT AL
BYNEESIN TSI LERELTWS, BISHREREOILMCIISEAEEBERSI AL, £ A
EDMERPIFICHIG L T b, F 2 KRBEBREEO 28t FI3 B EREIESICREELTWE 2 &
AP 5 72,

HREE TIE. 7T H FROKRBBSHRIESNO BB ERiBO A RF v Lo VEE S — U h 5, 8K
NS EEMEEREE (27 > T 28D ) 20°N, 140°E (FRFEE) (LD MIRIERES &, AL FH D 60°N,
180°E (N— VY v 7if) 2> To A - R AICEER L Tw3 2 EaRE i,

Z DOt 20°N, 150°E D ifpEikKiRE (SST) (3, BB LA TRIGERILOHK 20 HAEjD 7 A LAJIZ, 29°C Z#%k 2
LERICELTWA Z L 2R L, ZoEGmICHKRT 2iE 0\ SST 3. 7 A THOMRIERIL &
FERICBEMREL T WL I R EINDE, CORLID. SST o LR IIxREED &8It Loy LT+
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