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Abstract

The abrupt northward shift of the active convective region from 10°N to 25°N around 150°E on July
25-29 (Pentad 42) seen in the seasonal cycle of the summer monsoon over the western North Pacific
{convection jump) and other associated phenomena preceding this convection jump are investigated using
data of equivalent black body temperature derived from GMS and sea surface temperature (SST) for the
period of 1980-1994 together with circulation field data objectively analyzed by the ECMWF.

The mechanism of the maturing process of the summer monsoon between middle June and late July are
examined by comparing 8-year remarkable convection jump years (typical cases) and other years {atypical
cases). Tongue-shaped warm-SST areas (warmer than 29°C) are observed in early July around 20°N, 150—
160°E, preceding the typical convection jump. This warming of SST is closely related to the appearance
of a weak-wind region (weakening of easterlies) around 25°N, 140°E-160°E in late June. These weak
easterlies are likely to be associated with the propagation of a Rossby wave induced by the occurrence of
the active convection near the Philippine Islands in middle to late June. Most of the atypical cases appear

in the El-Nifio years.

1. Introduction

The seasonal changes of large-scale convective ac-
tivity and circulation field over the western North
Pacific are largely modulated by an ocean-land-
atmosphere interaction, in spite of the simple an-
nual cycle forcing of solar radiation (Matsumoto,
1989, 1990, 1992; Nakazawa, 1992; Tanaka, 1992;
Murakami and Matsumoto, 1994; Ueda, Yasunari
and Kawamura, 1995). Ueda et al. (1995) showed
that the sudden onset of the summer monsoon over
the subtropical western North Pacific in late July
is associated with an abrupt northward shift of en-
hanced convection over 20°N, 150°E. In the present
study we call this phenomenon a “convection jump”.
At the same time, the withdrawal of the Baiu sea-
son around Japan occurs drastically as a result of
the northward shift of the Baiu front associated with
the Rossby-wave propagation generated by the at-
mospheric heat source of this convection jump.

However, the mechanism of the convection jump
and its interannual variability are not fully under-
stood yet, since the results of Ueda et al. (1995) were
investigated based on mean climatological data.
Ueda et al. (1995) suggested that an appearance of a
warm SST (sea surface temperature) pool in excess
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of 29°C in early July over the region of the con-
vection jump, coupled with the seasonal evolution
of the Pacific subtropical high system, is one of the
important factors for the creation of a convection
jump.

In this paper, we further focus on this process
which is particularly relevant to the interannual vari-
ation of the convection jump. We document data in
Section 2, describe the interannual variation of the
convection jump in Section 3, and discuss the cor-
relation between the SST and the interannual vari-
ability of the convection jump in Section 4. In this
section, a composite analysis is carried out to re-
veal the spatial distribution of the SST based on
the correlation analysis. In addition, a detailed de-
scription of the atmospheric instability associated
with the SST warming is also presented. In Section
5, we examine the association between the SST and
the behavior of the Pacific high as a seasonal evo-
lution. Furthermore, the relationship between the
appearance of the active convective activity around
the Philippine Islands in middle June and the varia-
tion of the western part of the Pacific high is inves-
tigated. In Section 6, the whole maturing process of
the summer monsoon over the western North Pacific
is summarized as a schematic model presenting the
onset of the active tropical western Pacific monsoon
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in middle June, followed by the convection jump in
late July as an atmosphere-ocean interaction. The
conclusions are summarized in Section 7.

2. Data

One degree longitude-latitude mesh mean data of
the infrared equivalent black body temperature ob-
served from GMS (Tgp), three-hourly for the pe-
riod 1980-1994, are utilized in the present study
as a measure of large-scale convection over tropi-
cal and subtropical regions. Pressure and wind field
data objectively analyzed by ECMWF, twice-daily
for the period 1980-1989, are partly used to examine
the situation of circulation fields. Ten-day means of
sea surface temperature (SST) collected by the JMA
for the period 19801994 are also utilized to examine
the relation with the convection.

3. Tgp and wind fields

As already noted in Ueda et al. (1995), the abrupt
northward shift of large-scale convective activity
(convection jump) in the climatological mean (1980-
1989) Tpp field occurs at Pentad 42 (July 25-July
29) around 15°N-25°N, 150°E-160°E, which we call
the “key region”. In this section the interannual
variation of the convection jump is examined and
the jumps are classified into two groups, “typical
case” and “atypical case” of the convection jump
to perform a composite analysis. The definition of
typical cases is expressed as

TBB(i,P42 - 43) < 260 K, (1)

where 7 means the i-th year from 1980 and P42-43
averaged over Pentads 42 through 43. If Tzp (i,
P42-43) does not satisfy condition (1), we consider
it an atypical case. Using (1), the years 1980, 1981,
1984, 1985, 1988, 1989, 1990 and 1994 are typical
cases and the years 1982, 1983, 1986, 1987, 1991,
1992 and 1993 are the atypical cases.

Time series of Tpp are made for (a) typical cases,
and (b) atypical cases from Pentad 30 (May 26—
May 30) to Pentad 60 (Oct. 23-Oct. 27), as shown
in Fig. 1. In this figure, the thick line represents
the mean series of typical cases and atypical cases,
respectively. The seasonal change of mean typical
cases (upper panel) reveals a remarkable minimum
at Pentad 42 (250 K) and a secondary minimum at
Pentad 46 (260 K) which indicate the occurrences
of enhanced convection at these periods, while in
the atypical cases (lower panel), this minimum of
Tpp at Pentad 42 can not be recognized. A weak
minimum (more than 270 K) is found from Pentad
45 to Pentad 47 (Aug. 9-Aug. 23), that is to say,
active convection does not appear around late July
but preferably appears in the middle of August with
less Tpp intensity and a larger variability.

The composite Tgp and wind fields at Pentad 42
were produced for the typical and atypical cases.
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The horizontal distributions of Tgp and wind fields
at 850 hPa for (a) typical cases and (b) atypical cases
are shown in Fig. 2. In Fig. 2a the most enhanced
convection with a Tgp of less than 250 K appear
both around the Philippine Islands and the north
western Pacific around 20°N, 150°E. The warmer
Tgp values of less than 270 K occur in the belt ex-
tending between the two regions of the active con-
vection. In the wind field, the southwest monsoon
flows from southeast Asia across over the Philip-
pines, expands eastward to 150°E, and then merges
with the easterlies from the central Pacific to pro-
duce southeasterlies with cyclonic wind shear. In
contrast, convective activity is weak for atypical
cases around the key region, while the center of the
active convection is seen around 10°N (Fig. 2b). The
monsoon westerlies are not observed to the east of
the Philippines. On the other hand, the easterly
wind dominates east of 130°E along the northern
periphery of the low Tpp area of less than 270 K.

4. Sea surface temperature

Based on the climatological mean SST data, Ueda
et al. (1995) indicated that a warm SST pool exceed-
ing 29°C over the key region in early July is likely
to be one important necessary condition for the con-
vection jump. In this section, we examine the rela-
tionship between the convection jump and seasonal
changes of SST over the same area in terms of in-
terannual variability.

A longitude-time section of correlation coefli-
cients between the Trp (i, P42-43) of the key region
and the SST (4, J) of the same latitudes is shown in
Fig. 3, where i represents the SST of each year av-
eraged between 15°N and 25°N and J denotes the
10-day mean SST. In this figure, a negative (pos-
itive) correlation means that a positive (negative)
SST anomaly is correlated to active (inactive) con-
vection in late July. The most prominent feature
seen in Fig. 3 is a large negative correlation around
early to middle July between 150°E and 165°E. The
year-to-year variations of Tgp (i, P42-43) and SST
(i,J) at 158°E in middle July, as shown in Fig.
4, clearly demonstrates a high correlation between
Tpp (i, P42-43) and SST (i, J) with a coefficient of
0.81. These two figures indicate that when the SST
is warmer (colder) over the key region in the half
first of July then a convection jump occurs (does
not occur) there 10-20 days later. Another intrigu-
ing feature in Fig. 3 is the positive correlation coeffi-
cients observed around early August over the region
of the convection jump, which indicates that SST de-
creases after the enhancement of the convection, pre-
sumably because of a decrease of solar radiation on
account of the existence of convective clouds, as well
as strong evaporative cooling and turbulent mixing
between the warm sea surface water and the under-
lying cold water due to strengthening wind speed.
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Fig. 1. Time series of Pentad mean Tsp in the key region (15°N-25°N, 150°E-160°E) for the period
from Pentad 30 to Pentad 60. (a) Typical cases (1980, 81, 84, 85, 88, 89, 90, 94), (b) atypical cases

(1982, 83, 86, 87, 91, 92, 93).

Next, we examine the horizontal distribution of
SST in early July both for the typical and the atyp-
ical cases of the convection jump. Figure 5 repre-
sents the composited SST in early July for (a) typ-
ical cases, and (b) atypical cases. Both in Figs. 5a
and 5b, a warm SST pool of more than 29°C is ob-

served between the equator and 20°N and 110°E
to 150°E. The warmest condition with more than
29.5°C is seen between 10°N and 20°N. It is in-
teresting to note that a warm SST tongue extends
eastward along 20°N over the key region for typi-
cal cases. By subtracting the composite for atypical
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Fig. 2. Composite of Tz and 850 hPa wind at Pentad 42 (July 25-30) for (a) typical cases, (b) atypical
cases. The contour interval is 5 K. Heavy shading denotes areas with Tsp less than 260 K, while
light shading is for areas between 260 K and 270 K. A scale vector is shown at the upper-right of

each figure.

cases from that for typical cases, positive anomalies
exceeding 0.4°C are elongated zonally east beyond
150°E along 20°N (Fig. 5¢), which corresponds to
the low Tsp region in late July of typical cases (see
Fig. 2a). Another interesting feature is the existence
of negative anomalies to the northeast of the Philip-
pine Islands around 15°N, 130°E, which is concur-
rent with inactive convection for the typical cases
over the same region. These contrasting features in
both SST and Tg s anomalies indicate that when the
SST is warmer (colder) than usual over the key re-
gion then convection becomes active (inactive) with
10-20 days time lag.

Gadgil et al. (1984) indicated that convection be-
comes active when the SST rises to greater than 28
to 29°C over the tropical ocean. Ueda et al. (1995)
showed that the SST over the key region is warmer
than 29°C in early July. However, the convection
jump occurs in late July, about 20 days later. The
question arises: How has the stability of the atmo-
sphere changed during these 20 days? In the present
study, the atmospheric moist instability is investi-
gated using the equivalent potential temperature of
a saturated parcel, given by

fe = G exp(Lcqs/CpT). (2)

Here 6 is the potential temperature, L. is latent
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Fig. 3. Time-longitude sections of correlation coefficients between interannual variation of Tgp in the
key region (15°N-25°N, 150°E-160°E) during Pentads 42, 43 (July 25-August 3) and the interannual
variation of SST averaged over the same latitudes. Intervals are 0.1, with shading (dark shading)
indicating regions of less than —0.5 (—0.6). The reference Tzp is shown as a solid square.

heat of condensation, ¢, is saturation mixing ratio,
T is temperature and C,, is the specific heat of dry
air. Thus the conditional stability criterion for a
saturated parcel is

90 < 0 conditionally unstable,
3 S=< =0 saturated neutral, (3)
b >0  conditonally stable.

In this study, we focus on the vertical gradient of
0. of the low-level atmosphere between 1000 hPa
and 850 hPa. Figure 6 shows time changes of
equivalent potential temperature gradient for typi-
cal cases from Pentad 36 (June 25-June 29) to Pen-
tad 42 (July 25-July 29) at every other pentad. The

hatched area is considered to be a strong condition-
ally unstable region. In these time sequences, the at-
mosphere becomes unstable from late June to early
July over the region of 15°N-25°N, 135°E-155°E.
The most unstable condition over the above region
at Pentad 38 corresponds well with the warm SST
tongue warmer than 29°C in early July (see Fig. 5a
and Fig. 11b of Ueda et al. (1995)). After that, the
unstable condition is reduced from Pentads 40 to
42, which is coincident with the timing of the gen-
eration of the convection (convection jump). These
results indicate that the atmosphere becomes most
unstable over the key region in early July due to
the warming of a high SST. In the subsequent 10
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Fig. 4. Year-to-year variation of Tgp (solid line) during Pentads 42-43 in the key region and SST in
middle July (dashed line) in the key region, averaged over 15°N-25°N, 158°E for the period from

1980 through 1994.

days or so, the unstable condition is gradually re-
duced through intensified convective activity associ-
ated with the jump.

5. Circulations

In the previous section, we have shown the strong
association between SST in the half first of July
and convection jump in late July. The evolution
of SST in the key region occurs under the Pacific
subtropical high system (Pacific high). In this sec-
tion, we examine the role of the Pacific high in sea-
sonal change of SST over the key region. In order
to investigate the degree of extension and intensity
of the Pacific high over the key region, we note the
surface pressure field over the region around 20°N-
30°N, 130°E-180°. Figure 7 depicts a longitude-
time section of correlation coefficients between Tgp
(i, P42-43) and Z(i, P), where ¢ represents inter-
annual variation of geopotential height at 1000 hPa
averaged between 20°N and 30°N and P denotes
the pentad mean value. Positive (negative) correla-
tion coeflicients indicate that a negative (positive)
anomaly of Z(i, P) is correlated to active (inactive)
convection of the key region in late July. In this di-
agram, a large negative correlation of less than —0.5
is seen at Pentad 36 (June 25-June 29) to the west of
150°E, which corresponds to extension of the west-
ern edge of the Pacific high (increase of geopotential
height) due to active convection (decrease of Tpp)
in late July. On the other hand, positive correla-
tion (more than 0.5) is found at Pentad 36 between
155°E and 180°, indicating a weakening of the Pa-
cific high, corresponding to active convection in late
July. Another distinct positive correlation is noted
at Pentads 42-43 between 130°E and 150°E, which
may be related to the convection jump in late July.

To examine the difference between typical and

atypical cases of the Pacific high in late June, the
composites of 1000 hPa geopotential height and
wind fields at Pentad 36 for (a) typical cases and
(b) atypical cases are presented in Fig. 8. It is ev-
ident in the typical cases (Fig. 8a) that the Pacific
high is dominated to the east of 150°E with anti-
cyclonic circulation around the center of the Pacific
high. The ridge extends in a northeast direction be-
tween 25°N-35°N from the key region to the center
of the Pacific high, while a low geopotential height
area with less than 70 gpm, probably correspond-
ing to the Baiu trough, is identified over Japan, and
the low-level southwesterly is clearly found between
20°N and 35°N to the south of Japan. It should be
noted that the western edge of the Pacific high of the
typical cases extends westward compared with the
atypical cases (see Fig. 8b), which is consistent with
the negative correlation in Fig. 7. The geopotential
heights between 160°E and 180° along 20°N-30°N
are lower than those of the atypical cases, which
is in agreement with the results of the correlation
analysis obtained from Fig. 7. A interesting feature
of the wind fields in the typical cases is a weaker
anticyclonic circulation around the western edge of
the Pacific high around 20°N-30°N, 140°E-160°E
than that of the atypical cases.” In the compos-
ite anomalies of geopotential height and 1000 hPa
wind fields between typical minus atypical cases (not
shown), the above geopotential height patterns ex-
hibit dipole structure along 25°N. Positive geopoten-
tial anomalies are seen to the south of Japan around
28°N, 140°E where a cut-off high is strengthened
and an anticyclonic wind anomaly is evident. On
the other hand, negative geopotential anomalies are
observed in the typical cases around 30°N, 167°E,
corresponding to a weakening of the Pacific high.
It is important to emphasize that strong easterlies
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Fig. 5. Composited SST in early July for (a) typical cases, (b) atypical cases and (c) difference between
typical cases and atypical cases. The contour interval is (a), (b) 0.5°C and (c) 0.2°C. Heavy shading
denotes areas with SST (a), (b) more than 29.5°C and (c) less than —0.4°C, while light shading is

for areas (a), (b) between 29.0°C and 29.5

along 20°N are considerably reduced to the south of
the ridge of the Pacific high.

Next, we examine the role of low-level wind veloc-
ity in producing an SST anomaly in the half first of
July. Figure 9 shows a time-longitude section of cor-
relation coefficients between the SST in early July in

°C and (c) more than 0.4°C.

the key region and 1000 hPa wind velocity over the
same latitude. Large negative correlation (less than
—0.7) can be seen around 150°E at Pentad 36, which
indicates that when the wind velocity in late June is
weak (strong) then the following SST in early July
increases (decreases).
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Fig. 6. Time evolution of gradient of equivalent potential temperature between 1000 hPa and 850 hPa for
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Fig. 7. Time-longitude sections of correlation coefficients between interannual variation of Tgp in the
key region (15°N-25°N, 150°E-160°E) during Pentads 42, 43 (July 25-August 3) and interannual
variation of geopotential height averaged over latitudes from 20°N through 30°N. The contour inter-
vals are 0.1 and light (heavy) shading indicate correlation over 0.5 (below —0.5). The reference T55

is denoted as a solid square.

In order to clarify the above relationships, the
composite anomalies of 1000 hPa wind velocity at
Pentad 36 for typical cases is presented in Fig. 10.
In this figure, negative wind velocity anomalies are
apparently seen over the region between 155°E and
175°E along 20°N and large negative wind veloc-
ity anomalies (less than-1 m/s) also exist between
20°N-30°N, 135°E-155°E. Compared with the con-
figuration of the composite anomaly between the
typical and the atypical cases of SST in early July
(see Fig. 5¢), one can notice that both positive SST
anomalies exist over the region between 150°E and
180° along 20°N and 23°N-30°N, 130°E-150°E in
excess of 0.4°C are consistent with the region of
weak-wind velocity anomalies. In contrast, another
interesting feature in Fig. 10 is the positive anoma-

lies of the wind velocity to the east of the Philip-
pine Islands around 15°E, 135°E, where negative
SST anomalies are obvious in Fig. 5¢c. However,
there still remains the problem that large negative
anomalies of wind velocity over the mid-latitude re-
gion around 25°N, 145°E do not correspond to the
key region. To confirm the above relationships be-
tween SST and low-level wind velocity, the spatial
distribution of correlation coefficients between the
SST in early July and the wind speed at 1000 hPa
in late June is constructed in Fig. 11. Large neg-
ative correlations less than —0.7 are evident along
20°N between 148°E and 168°E. A further smaller
area of negative correlation is seen around 25°N,
147°E. These results indicate that the weakening of
easterlies along 20°N between 150°E and 170°E is
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Fig. 8. Composite of geopotential height and wind fields at 1000 hPa at Pentad 36 (June 25-30) for
(a) typical cases, (b) atypical cases. A 10 ms™* reference vector is shown at the upper-right of this

figure. Contours are drawn at every 10 gpm. Heavy shading denotes areas with less than 70 gpm,
while light shading is for areas of more than 110 gpm.

the most important ingredient condition for a warm-  and T. Murakami (1988).

ing of the SST over the key region. The above re- In order to depict the relationships between the
sults implies that when the wind velocity is weaker  variation of the Pacific high and tropical western
(stronger) than usual, then the SST increases (de-  Pacific monsoon around middle June, the difference
creases) after 10 to 20 days later in this particular in Tgp and wind fields at 850 hPa for typical cases
region, which is consistent with Kawamura (1988)  between Pentads 35-36 minus 32-33 is constructed
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Fig. 9. Time-longitude sections of correlation coefficients between interannual variation of SST in the key
region (15°N-25°N, 150°E-160°E) in early July and interannual variation of 1000 hPa wind velocity
averaged over the same latitudes. Intervals are 0.1, with shading (dark shading) indicating regions
of less than —0.6 (—0.7). The reference SST is drawn as a solid square.

in Fig. 12. Large negative anomalies (enhanced con-
vection) are evident around the Philippine Islands
with cyclonic wind anomalies. Further, anomalous
cyclonic circulations are obvious over the western
part of the Pacific high around 20°N-45°N, 150°E~
170°W. However, there exist anticyclonic circulation
anomalies between the above two cyclonic circula-
tion anomalies which implies propagation of station-
ary Rossby waves induced by the onset of western
Pacific monsoon. Nitta (1987) revealed that the
propagation of Rossby waves is generated by a trop-
ical heat source associated with active convection in
the Philippine Sea during warm SST summers as
identified by interannual variability. Quite recently,
Kawamura et al. (1994) showed that this weakening
of the Pacific high in late June is closely connected

with the propagation of Rossby-like waves from the
Philippines to around 40°N, 170°E with intrasea-
sonal time scales. The above results indicate that
SST warming in early July around 20°N, 150°E-
180° is induced by the decrease of low-level wind
velocity due to weakening of the western part of the
Pacific high through reduction of both evaporative
cooling and turbulent mixing of sea water. In ad-
dition, the westward extension of the western edge
of the Pacific high induces warming of the SST due
to an increase of solar radiation. Furthermore, this
weakening of the western part of the Pacific high
around 40°N, 170°E and the intensification of its
western edge are closely related to the onset of the
western Pacific monsoon around the Philippine Is-
lands through the propagation of Rossby waves.
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Wind velocity (1000hPa) Difference ( Typical - Untypical) Pentad 36

30°N : I— : : 30°N
20°N 20°N
10°N 10°N
EQ EQ
110°E 130°E 140°E 150°E 160°E 170°E 180°

Fig. 10. Composite anomaly of 1000 hPa wind velocity between typical cases minus atypical cases at
Pentad 36 (June 25-30). The contour interval is 0.5 ms™!. Dark (light) shaded regions denote wind
velocity of less than —2 ms™" (between 0 and —2 ms™').

Correlation (SST 15-25N,150-160E; Early July) Vs (V1000 P. 36)

40N 40°N
80N 30°N
2p°N ; 20'N
10°N 1O'N
EQ10e 120°E 130°E 140"5:. 150°E 160°E 170°E 1804

Fig. 11. Spatial distribution of correlation coefficients between interannual variation of SST in early
July over the key region (15°N-25°N, 150°E-160°E) and interannual variation of wind velocity at

1000 hPa in late June (Pentad 36). Intervals are 0.1, with shading (dark shading) indicating regions
of less than —0.6 (—0.7).

6. Discussion sonal evolution are illustrated in Fig. 13 from early
June to late July for typical cases.

Before early June (referred to as Stage A), the
Pacific high is dominant to the west of 140°E. The
center is located at 40°N, 150°W and the ridge line
extends from the center to 20°N, 140°E. In the
wind field, a strong trade wind (10°N-20°N) and
monsoon southwesterlies prevailed around the Pa-

Considering the above discussion, a schematic
model of the maturing process of the summer mon-
soon over the western North Pacific for typical cases
is proposed. The model shows the time evolution of
the surface circulation field, including information
on large-scale convective activity and SST over the
subtropical western Pacific. The five stages of sea-
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TBB & 850hPaUV P.(35,36) minus P.(32,33) Typical Cases — 10m/s 0N
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Fig. 12. Difference in Tsp and wind fields at 1000 hPa for typical cases between Pentads 35-36 minus
Pentads 32-33. The unit vector is 10 ms™! and the contour interval is 5 K, with shading (dark
shading) indicating regions of less than —15 K (—20 K)

cific high. At Stage B, the western Pacific monsoon
becomes most active around the Philippine Islands,
where monsoon westerlies and easterlies merge form-
ing cyclonic circulation. Associated with this active
convection, the western part of the Pacific high be-
tween 150°E and 180° is abruptly weakened, while
the western edge of the Pacific high is strength-
ened, due to the propagation of stationary Rossby
waves. Accordingly, the trade wind is substantially
reduced between 150°E and 180° along 20°N. A
weak-wind region also appears around 20°N-30°N,
140°N-150°E, corresponding with the westward ex-
tension of the western edge of the Pacific high. In
early July (Stage C), warming of the SST occurs
over the weakened trade wind region along 20°N
and east of 145°E (dotted line) producing the most
unstable condition in the lower troposphere. Fur-
thermore, incoming solar radiation along 20°N is
strongest in this particular period of the season (i.e.,
the summer solstice). At Stage D, the SST rises to
its maximum of more than 29 °C over the key region
(bold line). At Stage E, a jump of the convection
occurs over 20°N, 150°E in late July as seen in Tgp
field, which induces the propagation of a Rossby
wave train, with a local high over and around Japan.
This high pushes the Baiu front northward, bringing
the withdrawal of the Baiu season around Japan.
Another important problem is the association be-
tween typical/atypical cases of the convection jump
and El Nifio events. Nitta (1986) showed that SST
anomalies averaged over the tropical western Pacific
(18°N-24°N, 158°E-166°E) in the Northern Hemi-

sphere summer months (June-September) for the
period of 1978-1988 are correlated with north-south
oscillation patterns between the western Pacific near
20°N and the middle latitudes around 35°N (called
SJ patterns). Moreover, most of cold anomalies of
SST in the Philippine Sea are affected by El-Nifio
events exhibiting inactive convection (Nitta, 1987).
In Fig. 4, an SST colder than 28.5°C is observed
over the key region in the years 1983, 87, 89, which
correspond with El-Nifio years (U.S. Department of
Commerce, 1996). The above results suggest that
the interannual variation of the convection jump is
not a local phenomenon but a part of the global-
scale SST variability, probably related to El Nifio,
which is one of unresolved problems.

7. Concluding remarks

Through the analyses of Tpp, SST and circulation
field, a mechanism for the convection jump over the
western Pacific in late July has been discussed in the
context of the maturing process of the summer mon-
soon. This process has been demonstrated to be a
result of time-lag interaction among active convec-
tion in middle June around the Philippine Sea, the
Pacific high circulation system, and the underlying
ocean surfaces. These results are summarized as fol-
lows:

1) A typical convection jump in late July oc-
curs in 8 years (1980, 1981, 1984, 1985, 1988,
1989, 1990, 1994) throughout the analysis pe-
riod (1980 to 1994).
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Fig. 13. Schematic illustration of the maturing process of summer monsoon over the western North
Pacific for the period from early June (A) through late July (E).
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2) Tpp in late July over the key region (15°N-—
25°N, 150°E-160°E) is strongly correlated to
SST during early to middle July over the same
area. Furthermore, lag-correlation analysis be-
tween the above Tsp and 1000 hPa geopoten-
tial height fields shows that the intensity and
extension of the Pacific high in late June is re-
sponsible for the inducing the convection jump.

3) Based on composite analyses of the convection
jump and correlation analysis, the relation be-
tween the SST and circulation field is examined.
In the typical cases, the SST in the early to mid-
dle July in the northeastern edge of its warm
water pool (along 20°N to the east of 150°E)
is warmer than that of atypical cases. Before
the warming of SST, the western part of the
Pacific high in late June is considerably weak-
ened, while the western edge of the Pacific high
is strengthened.

4) This behavior of the Pacific high seems to be
induced by the propagation of Rossby waves ex-
cited by enhanced convection near the Philip-
pine Islands.

5) The SST in early July over the key region is well
correlated to surface wind velocity over the key
region in late June, which implies that when
the wind speed is weaker (stronger) than usual
then the SST increases (decreases).

6) This weak-wind region in late June, in turn, is
likely to be responsible for the warming of the
SST due to a decrease of evaporative cooling
and turbulent mixing of sea water, as well as a
summer solstice condition of insolation.

7) During the period from the warming of the SST
in early July to the convection jump in late July,
the atmosphere gradually becomes unstable in
early July over the key region which, as a conse-
quence, abruptly induces strong convective ac-
tivity manifested as a convection jump.

This study has revealed the seasonal evolution
of the summer monsoon between the active west-
ern Pacific monsoon in middle June and the abrupt
convection jump in late July. However, the onset
and maintenance mechanisms of the western Pacific
monsoon during June need to be investigated as part
of the large-scale Asian summer monsoon. The in-
terannual modulation of the convection jump and its
relationship to El Nifio is another issue to be further
examined.
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