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ABSTRACT

A synoptic case study is carried out to reveal some characteristic features in
the ending period of Mei-Yu season in Taiwan by the presentation of averaged
fields of various meteorological elements during a period of six days from June
10 to 15, 1975. The consistency of the results in averaged fields including geo-
potential heights, winds, temperatures, humidities and cloud covers indicated the
accuracy of initial data analysed. Mean vertical p-velocity » computed kine-
matically were used as further check on the validity of the subjective analysis
method employed. In general, vertical transport and twisting terms in the vorticity
equation are one order of magnitude smaller than the other terms from a quasi-
geostrophic consideration. Mean « field in this study, on the other hand, sug-
gested that they may not be neglected in middle and lower troposphere especially
in the vicinity of the baroclinic zone and orographic areas. Results also indicated
that the major moisture source in the area of interest was primarily from the
Bay of Bengal. A thermal direct circulation with warm air rising and cold air
sinking was shown across the baroclinic zone in the vicinity of Japan. Mean
kinetic energy budget showed that the cross contour generation (8.32 Wm™2),
in connection with the thermal direct circulation, was dissipated in situ over the
mean Mei-Yu area (—8.33 W m=2), A value of —5.55 W m~2 due to the cross
contour flow and a positive vaue of 4.11 W m~2 for residual term was obtained
for the environment of the mean Mei-Yu area. Results clearly indicated that
dominant processes were different within and outside the mean Mei-Yu area.
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1. Introduction

Climatological data show that the annual
rainfall distribution in the southeastern China
possesses a relative maximum during the period
of May and June. Continuous or intermittent
precipitation is the characteristic feature in this
rainy season. A similar phenomenon is found
in central and eastern China and Japan with
various time lags (e.g. Ramage 1971). 1t is
called “Mei-Yu” or “Plum Rain” in China and
“Baiu” in Japan.

Daily surface weather maps often indicate
that a slow moving (or stationary) front runs
from the vicinity of Japan southwestward into
the southern China. This front is often termed
as Mei-Yu front or Baiu front locally. Satellite
pictures also reveal the nearly continuous cloud

band along the front. A series of disturbances
at different scales, ranging from hundreds to
thousands kilometers, is frequently observed to
propagate along this front northeastward.
Numerous works have been done on various
aspects of Baiu front and its associated disturb-
ances in the vicinity of Japan during the Baiu
season over the last decade (e. g. Gambo 1970a, b,
Matsumoto et al. 1970, 1971, Nitta et al. 1974),
On the other hand, a relatively small amount
of works is accomplished on the similar pheno-
mena in the southeastern China. Much work re-
mains to be done on the structures and dynamics
of the weather systems during Mei-Yu season
in southeastern China in addition to the tradi-
tional climatological studies. Thus, a case study
was carried out to better understand the mean
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structure of circulation systems during the ending
period of Mei-Yu season in Taiwan. Observa-
tional data were analyzed to show the detailed
distribution of horizontal winds, moisture and
vertical motions. In addition, a kinetic energy
(KE) budget study was made to reveal the role
of different processes in the area during the
period of interest.

2. Cases and Data

Cases have been chosen over the south-
eastern China and its vicinity including Mon-
golia, Korea, Japan, Indo-China and the south-
western North Pacific area. These areas have
reasonably good coverage of surface and radio-
sonde observations except over the ocean. The
area of interest is roughly bounded by 10°N and
55°N, 85°E and 150°E as shown in Fig. 1. There
are a total of 140 radiosonde stations and 39 pibal
stations within the region, Numerous surface
and radiosonde data in the neighboring area were
also used to help the analyses. These data were
provided by the Chinese Central Weather Bureau
on the coded form directly transmitted from
Japan Meteorological Agency through a com-
munication satellite.

Surface and mandatory level maps and
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Fig. 1. Area included for this study. Black
dots and circles show radiosonde and
pibal stations, respectively. Plus signs
indicate the grid arrays. Inner solid
lines are the boundaries of the mean
Mei-Yu area.
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NOAA-4 satellite pictures as received from
Chinese Air Force Weather Central were used
in the case selection during Mei-Yu season.
These data were examined to see if there was
a typical Mei-Yu front, i.e. the existence of
a cloud band along a nearly stationary front,
in the vicinity of Taiwan and the southern
China. Also, the hourly rainfall observations
over the surface stations in Taiwan were used
to identify the characteristic feature of contin-
uous to intermittent rains.

Cases of 6-day period from June 10 to June
15, 1975 appeared to be a rather well-defined
Mei-Yu regime in Taiwan. In addition, the
available data from both the surface and radio-
sonde observations were most complete during
these time periods. Thus, this case was chosen
for the present study. This hopefully will help
to insure that the results be more representative.

Fig. 2 shows the 6-day rainfall totals in
Taiwan from June 10 to June 15, 1975. Mode-
rate to heavy rains were generally observed. to
the west of the Central Mountain Range during
this period. Thus, some limited areas along the
west coast received a total of more than 300 mm
within 6 days. On the other hand, light to no
rain was usually the case to the east. There-
fore, a total of less than 20 mm rainfall was

v

Fig. 2. Total rainfalls (in mm) during the pe-
riods of June 10, 0900 LST to June 15,
0900 LST, 1975.
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found along the east coast.

3. Procedures

A computational domain consists of 20 by
19 grids with a grid spacing of 240 km valid at
30°N and 60°N on a Lambert projection map
(see Fig. 1). Data were subjectively analyzed on
isobaric surfaces at mandatory levels with the
aid of numerous vertical cross sections. Geopo-
tential heights, temperatures, dew points, wind
speeds and wind directions were then interpol-
ated at the grid points. Data at other pressure
levels were obtained by linear interpolation with
respect to pressure when needed.

As mentioned previously that, the data used
in this study were interpolated from a subjective
analysis, A two-dimensional filter is, therefore,
‘necessary to eliminate short-wavelength com-
ponents contained. The smoothing scheme (25
points) applied is identical to that in Chen
(1976). Thus, the gradients and absolute ma-
gnitude of the various scalar parameters in the
final analyses were well preserved while the
short-wave noises were successfully eliminated.

Kinematic w’s were computed using
O’Brien’s (1970) adjustment scheme. The verti-
cal velocities specified at the upper boundary
(100 mb) were obtained by the adiabatic method
(Chen 1976). At the lower boundary, the fric-
tional induced ®’s were computed using a para-
meterization scheme identical to that of Holton
(1972). The orographic induced vertical motions
were computed along the smoothed terrain using
the observed winds at 850 mb and 700 mb for
surface elevations below 1500m and above
3000 m, respectively. While the surface eleva-
tions of 1500-3000m, the averaged winds of
850 mb and 700 mb were used for computations.
Smoothed surface elevations adopted are identi-
cal to those used in Tsay (1975). The w’s at
lower boundary thus computed were then as-
sumed at 850 mb level., This choice proved to
be most successful in producing the acceptable
boundary w’s in view of satellite pictures and
synoptic experience.

The kinetic energy budget equation can be
written as follows:

oK 1o
- f Afm V.(kV)dPdA  (la)

1 Py Okw
= g4 'LLZ “pp 4Pa4 (1b)
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1 P1
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K= gA jAJPa kdpdA )

k= ; (12402 (3)
O=gz (4)

and A is area, p,(p;) is the pressure at higher
(lower) level. Other notations are conventional.

Terms (la) and (1b) are boundary flux terms
through the horizontal and vertical walls, re-
spectively. Term (Ic) is the generation term
due to cross contour flow. Term (1d) is residual
term taken as the difference between local ac-
cumulation on the left hand side and the sum-
mation of terms directly computed on the right
hand side.

A simple centered finite-difference scheme
was used to compute all spatial derivatives.
Notice that the terms on the right hand side of
equation (1) were instantaneous values, while
the local accumulation was averaged value at a
fixed time taken as the difference between 12 h
after and 12h before. The KE budget terms
was then averaged for all the time periods after
integration. All the parameters observed and
computed were also averaged during a 6-day
time period to show the mean structure of the
circulation systems in Mei-Yu season.

4. Results

(I) Mean Circulation Patterns

A low center was found along the boundary
of mainland China and Indo-China at 1000 mb.
The trough ran from Honshu southwestward,
passing through Bashi Channel, and extended
into this low center. Another trough was also
discernible over the central and northern China.
A high center was located in the vicinity of the
Sea of Okhotsk. Ridge line extended from this
center passing through Hokkaido and Korea
into east coast of China(Fig. 3). The observed
wind fields (not shown) were found essentially
in a rather good qualitative agreement with
those could be expected from the contour ana-
lyses. In the vicinity of Taiwan, the cold air
in the surface layer originally coming fromTthe
vicinity of the Sea of Okhotsk and the warm
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Fig. 3. Geopotential heights (solid or dashed)
in dam at 1000 mb. Thin dashed lines
show NOAA-4 mean cloudiness. Dash-
dot lines are shear lines at indicated
levels. Arrows indicate the positions
of jet stream at different levels.

air from the south apparently converged along
the trough line.

The height contours and grid point resultant
winds at 850 mb and 700 mb were presented on
Fig. 4 and Fig. 5, respectively. Notice that the
wind shear lines were coincident with the
troughs and ridges at both levels. Also, the ob-
served winds were in a considerably good agree-
ment with the analyzed contours from a gradient

90 100 110 120

Fig. 4. Geopotential heights (solid or dashed)
in dam and resultant wind vectors at
grids on 850 mb. Dash-dot lines indicate
ridges and troughs (i.e. shear lines).

Tai-Jen George Chen 41

90 10010 120 130 140150 4
! T

A FETD f ] R
ot~ i / ./B/UQJ -

Fig. 5. Same as Fig. 4, except at 700 mb,

wind consideration. While a rather weak low
center was discernible on 80 mb in the Sea of
Japan, a well-defined one on 700 mb could be
found in the same area. On 850 mb, a trough
line extended from this center southwestward
passing through the area to the north of Taiwan
into the low center located in the southern
China. The slope of this trough is estimated to
be about 1:165 from 1000 mb to 850 mb in the
vicinity of Taiwan. An additional northward
shift of this trough was found at 700 mb with
the averaged slope of 1:150 from the 850 mb
level in the same area.

The low center in the southwestern China
at 700 mb was found to have a northward tilt
from that of 850 mb. An anticyclone center,
although weak, was discernible in northern
China at both levels. Thus, to the north of the
trough the easterly to northerly winds were
common while to the south of it the south-
westerlies were predominant, especially in the
vicinity of Taiwan. While the southwesterly
jet on 850 mb was located in Bashi Channel,
the jet on 700 mb was found across the central
Taiwan (see Fig. 3, 4, 5).

The main trough at 500 mb extended south-
westward from the well-developed low center
over the Sea of Japan to the northeast of Tai-
wan (Fig. 6). The mid-latitude trough was lo-
cated over Mongolia with a very small tilt
from its location on 700 and 850 mb. An anti-
cyclone center was found in the South China
Sea. Thus, the northwesterlies prevailed at this
level in the vicinity of Taiwan. Well defined ~
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Fig. 6. Geopotential heights (solid) in dam and

isotherms (dashed) in °C on 500 mb.
Arrows indicate the jet stream.

baroclinic zone was situated to the north of
30°N and the jet was found to the warm side
of it. The typical patterns of cold low (or

trough) and warm high (or ridge) are also
clearly shown at this level.

Circulation patterns on 300 mb (Fig. 7) were
quite similar to those on the 500mb. Weak
winds were observed within the high and low
centers and along the ridge lines as would be
expected. Northwesterly jet was found in the
northwestern China while the southwesterly jet
extended from the southeast of Japan to eastern
China., In general, the observed winds were
in a good agreement with the contour lines in
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Fig. 7. Geopotential heights (solid) in dam and
isotachs (dashed) in m s~! at 300 mb.
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view of the geostrophic and gradient wind re-
lationships.

(IT) Mean Vertical Motion Field

In general, the upward motions prevailed
to the south and east of the troughs while the
downward motions predominated behind the
troughs and to the east and south of the ridges
at all levels from 850 mb to 500 mb (Fig. 8, 9,
10). In other words, ridge and trough lines
(or shear lines) approximately separated upward
motions from downward motions in most area.
Recall that the w’s due to the boundary friction
and terrain induced components obtained at
850 mb were taken as the lower boundary,

50

Fig. 8.' Mean o’s_inJub 's=t on_850'mb. Dashed
lines show ridge (R) and trough (T)
lines.
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Fig. 9. Same as Fig. 8, except on 700 mb
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Fig. 10. Same as Fig. 8, except on 500 mb.

Thus, the upward motions in the southwestern
China were primarily due to these two effects.
Overall, the computed kinematic ’s are synop-
tically reasonable on both the patterns and
magnitudes.

Maximum centers of upward motion were
located to the south of Japan extending south-
westward into the vicinity of Taiwan with the
values of —0.5 ubst, —1.5ubs™* and —3.0 ub
s™! on 850 mb, 700 mb and 500 mb, respectively.
Maximum downward motions were found over
Korea with the corresponding values of 0.5 ub
s, 1.0 ubst and 20 ubst.

(I1T) Mean Moisture Field
The maximum gradient of mixing ratio was

90 100 110 120 130 140 150 g,

30

Fig. 11.” Mixing [ratio (dashed) in g Kg~! and
geopotential height (solid) in dam on
850 mb. Arrows show the jet stream.
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Fig. 12. Same as Fig. 11, except on 700 mb.

90 100 MO 120 130 140 150 s

Mean relative humidity (in %) on 700
mb (dashed) and mean cloudiness (in

tenth) of NOAA-4 (solid). Arrows
show the jet stream on 700 mb,

found over the East China Sea on both.850 mb

and 700 mb (Fig. 11, 12). Thus, the moist air
was confined in the southeastern China with

the dry air located to the north over the eastern

China and the Yellow Sea. The moist tongue
situated over the southestern China and Indo-

China was apparently carried in from the Bay
of Bengal by the low level southwesterlies (see

also Fig. 4, 5). Moisture flux into the vicinity
of Taiwan from the South China Sea is also
clearly indicated. The mean cloudiness as
computed from the NOAA-4 satellite pictures

was found to be reasonably well correlated
with the mean relative humidity on 700 mb

(Fig. 13). Also, the maximum mean ¢loudiness
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Table 1. The mean kinetic energy budget
terms over the 19x20 grid area
averaged during the period of June
10, 1200Z (T2) to 15,0000Z (T11),
1975. Symbols are: LK- local
accumulation; HK- horizontal
flux; CK- cross contour term;
RK- residual term. Units are

Wm™2,
MB | LK | HK | VK | CK ! RK
|
150-100 | —.14 | —.10 65| .09 —.78
200-150 | —.16 041 52| 10| .82
250-200 | —.09 .07 0| 41 —.67
300-250 | —.07 06| —.27| .44 | —.30
350-300 | —.071 —.00| —.37| .21 .10
400-350 | —.05| —.011 —.29| .19 .05
450-400 | —.04 | —.01| —.14| .18 | —.06
500-450 | —.04 | —.02, —.08| .14 -—.08
550-500 | —~.04 | —.02 —.07| .11 | —.05
600-550 | —.03 | —.01| —.06| .09 —.05
650-600 | —.02 | —.011 —.03| .10 —.08
700-650 | .01 00 —.02] 12| —.11
750-700 | —.01 011 =03 .15 —.14
800-750 | —.01 010 —.02] 18] —.18
850-800 | —.01 01 —.01| .24 —.24
300-100 | —.46 | 06| 1.00] 1.04 | —2.57
500-300 | —.21 | —~.04| —.89 .72 .00
850-500 | —~.12| —.01| —.25! 1.00 | —.86
Total ‘ —.79} .oo“ ~14| 2.76 | —3.42

was found along the jet stream on 700 mb and
trough line on 1000 mb (Fig. 3, 13).

(IV) Mean Kinetic Energy Budgets

The mean Mei-Yu area (MMY) in this
study is defined as the area bounded by the
ridge lines on 850 mb in the vicinity of the
Mei-Yu front (Fig. 1). The mean kinetic energy
budget (MKE) over the whole area of 19x 20
grids and over the MMY area are shown in
Tables 1 and 2 and Figs. 14 and 15(a). The
cross contour flow was the dominant process in
generating KE with a total contribution of
2.76 W m~2 over the whole area and a value of
832Wm=2 over the MMY area. The local
accumulation term indicated the local decrease
of KE at all levels during these 6-day periods

CHL

Table 2. Same as Table 1, except over the
mean Mei-Yu area (MMY).

MB LK | HK | VK | CK | RK
|
150-100 | —.13 .00 87| .68 | —1.69
200-150 | —.14 12 65 .91 | —1.82
250-200 | —.05 | —.02 A2 1.52 | —1.67
300-250 | —.03 | —.01 —.36| 1.60 | —1.26
350-300  —.04 | —.08 —.49| .98 —.46
400-350 | —.05| —.08 —.35| .64 —.25
450-400 | —.05| —.09| —.17| .41 | —.20
500-450 | —.04| —.10| —.10| .26 | —.10
550-500 | —.03| —.08, —.10| .19 | —.05
600-550 | —.03|{ —.05 —.08| .19 —.08
650-600 | —.02] —.03| —.05! .19 —.I3
700-650 | —~.01| —.01| —.04 .20 | —.16
750-700 | — .01 00 —.05| .20 —.15
800-750 + —.01 01| —.05! .18 —.15
850-800 | —.01 01 —.03] .18 —.17
300-100 | —.35 | .09' 1.28) 4.71 | —6.44
500-300 | —.18 | —.35| —1.10 | 2.29 | —1.02
850-500 | ~.11| —.15| —.40 1.32| —.88
Total ] —.64E —.40{ —.22| 8.32 | —8.33
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Fig. 14. Vertical profiles of mean KE budget
(MKE) from June 10, 1200Z (T2) to
June 15, 0000Z (T11), 1975 over the
mean Mei-Yu area (MMY). Units
are in Wm~2 and mb for the abscissa
and ordinate, respective]y. Abbrevia-
tions are as follows: LK-local accu-
mulation; HK-horizontal flux; VK-
vertical flux; CK-cross contour term;
RK-residual term,
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Fig. 15(a). Same as Fig. 14, except for the area
of 19%20 grids.
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Fig. 15(b). Same as Fig. 14, except for the area
of 17x187grids.
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Fig. 15(c). Same as Fig. 14, except for the area
of 15X 16 grids.
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with a value of —0.79 Wm~2 and —0.64 W m~2
for the corresponding area.

The vertical transport of KE contributed
insignificantly over the whole atmosphere.
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However, it was an important contributor in
balancing the KE at each level with a net
divergence of vertical flux below 250 mb.
Thus, the increase of KE in the upper tropos-
phere above that level due to vertical transport
from the lower and middle troposphere has a
value of 1.27Wm=2 and 1.64 Wm~™2 over the
whole area and the MMY area, respectively.
Horizontal flux term, although small at each
level, showed a net total outward flux of
—0.40 W m~2 from the MMY area. As a result,
the frictional term taken as a residual showed
dissipation of total KE of 3.42 Wm_? over the
whole area and 8.33 Wm~2 over the Mei-Yu
area. Thus, the cross contour generation of KE
(8.32 Wm~2) over the MMY area was totally
dissipated in situ (—8.33 W m~2) in the mean.
Taking the differences between the values of
Tables 1 and 2, a value of —5.55 W m~2 due to
the cross contour flow and a value of 4.91
W m~2 for the residual term was obtained for
the environment of MMY area. Vertical profiles
of budget terms over the smaller area of 17x 18
and 15x 16 are also shown in Fig. 15(b), (c)
for comparison. The very similar profiles to
those over the 19x 20 grids (Fig. 15(a)) in both
shapes and magnitudes are clearly indicated.

5. Summary

A synoptic case study was carried out on a
typical Mei-Yu situation in Taiwan during the
period of June 10 to June 15, 1975. Rainfall
distribution together with the synoptic analyses
suggest that the weather systems were of major
importance in causing local precipitation. This
is at variance with the traditionally cited major
cause of topographical effect under the low
level southwesterlies, A well-defined wind
shear line on 700 mb and 850 mb levels was
found in the vicinity of the surface front.
Results also indicated the major moisture source
of the Bay of Bengal in the area of interest.

Mean o field suggested that the neglect of
twisting and vertical transport processes in the
operational model might cause some errors in
predicting the system’s movement. Thermal
direct circulations with warm air rising and
cold air sinking was found, especially across
the baroclinic zone in the vicinity of Japan
(Fig. 6, 10). As a result, cross contour flow
contributed to a generation of KE of 8.32
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Wm=? in the mean Mei-Yu area in com-
parison with a value of 2.76 Wm™2 over the
whole area of 19x20 grids. A decrease of KE
of 5.55Wm~2 was then obtained for the en-
vironmental region of the MMY area due to
the cross contour flow from lower to higher
heights. Thus, a positive value of 4.91 W m~2
through residual term was required over the
same area for balancing the KE. Similar results
of positive values in the residual term were
also reported. in other case studies for the sur-
face anticyclone and upper ridge situations (e. g.
Chen and Bosart 1977, Kung and Baker 1975).
Notice that the cross contour generation of KE
(8.32Wm~-2) was almost completely dissipated
{(—8.33 Wm™2) in situ over the MMY area in
the mean.

In view of the characteristic features re-
vealed in the present study of Mei-Yu, a diag-
nostic study of individual case on a daily basis
is thus needed to better understand the dynamics
of the circulation systems in the Mei-Yu regime.
This has been done and will be presented on
the other paper. The consistency of the results
among averaged fields indicated the accuracy of
initial data analyzed. This hopefully will in-
sure that the results and conclusions of a diag-
nostic case study be more representative.
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