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ABSTRACT

The meteorological events surrounding the heavy rains of 23-25 June 1983 in the Yangtze River Valley of
China are investigated. The rains developed along a persistent quasi-stationary frontal boundary that separated
warm, moist tropical air from slightly cooler continental air. The frontal zone was characterized by a thermally
direct circulation driven by horizontal confluence in the lower troposphere.

Aloft, the flow was broadly anticyclonic. A mobile 500 mb short-wave trough moved eastward in the westerlies
north of the Quinghai-Xizang Plateau. In its wake, cooler and drier Siberian air was funneled southward, east
of the Plateau, to reinforce the baroclinic zone. A very weak short-wave trough also moved eastward in the
much weaker 500 mb monsoon westerlies south of the Plateau. The arrival of the cooler air from the north and
the weak trough from the southwest invigorated a preexisting cyclonic circulation over the Sichuan Basin. A
massive mesoscale convective system erupted in a complex interaction of these features with the local topography.
The generation of a midlevel cyclonic vorticity maximum by the mesoscale convective complex appeared to
be comparable to what has been seen in similar cases over North America.

Warm air advection in the lower troposphere appeared to help trigger the rainfall through weak synoptic
scale ascent of 1-2 cm s™!. An analysis of the water vapor flux revealed the South China Sea as a moisture
source in the surface-to-850 mb layer, and the Indian subcontinent-Bay of Bengal region as the moisture source

in the 850-500 mb layer.

1. Introduction

This paper presents a synoptic analysis of meteo-
rological conditions associated with heavy rains in the
Yangtze River Valley from 23-25 June 1983. Dis-
played in Fig. 1 are 24 h rainfall totals during this pe-
riod. The Yangtze River is located on a simplified ter-
rain map in Fig. 2. The Quinghai-Xizang (Tibet) Pla-
teau extends westward above 4000 m elevation; the
relatively low area (<500 m) near 30°N, 105°E is the
Sichuan Basin. The locally excessive rains are of limited
north—-south extent, but since the locus of heavy rainfall
straddles the Yangtze River Valley, the potential for
flooding is significant. Indeed, repeated heavy rains in
June and July 1983 in the Yangtze River Valley were
associated with severe flooding. Interest in the June
1983 event was stimulated by the visit of the first author
to the Department of Atmospheric Science at the State
University of New York at Albany (SUNYA). Our
limited objective is to describe the synoptic-scale en-
vironment of a Chinese heavy rainstorm. This case,
while not unique, is certainly representative of events
that are an important forecast problem in China. We
will also comment on how our findings may be related
to heavy warm season precipitation episodes over the
United States. In essence, we embarked on a fishing
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expedition; our objective was to rummage around in
the data until interesting features were uncovered.

Heavy rainfall episodes are a characteristic of the
late spring and early summer weather regimes for much
of China and eastward to Japan. Typically, the rains
begin in southern China in May and spread slowly
north and east to northern China and Japan by late
June and July. The rainfall is mostly convective and
occurs in conjunction with subsynoptic-scale distur-
bances that propagate eastward along a weak baroclinic
zone that marks the northern edge of Pacific maritime
tropical air. The frontal boundary, known locally as a
Mei-Yu or Baiu front, tends to be quasi-stationary. It
serves as a locus of confluence between warm, moist
tropical Pacific air and warm but somewhat drier con-
tinental air.

Numerous investigators have studied heavy rain
events in this part of the world. Matsumoto et al.
(1971), Akiyama (1973) and Ninomiya and Akiyama
(1974), for example, found that periods of heavy rainfall
were well correlated with a highly ageostrophic low-
level jet accompanying subsynoptic scale disturbances
propagating eastward along the frontal boundary. Ni-
nomiya (1978), Ninomiya and Akiyama (1971) and
Ninomiya and Yamasaki (1979) studied the structure
of mesoscale disturbances propagating along the Baiu
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front, and found both convective and stratiform aspects
to the precipitation cells. Atmospheric instability was
generated by the advection of very warm moist air in
the lower troposphere around the western margin of
the Pacific subtropical high. Modeling studies by Kuo

and Anthes (1982) and Ninomiya (1980, 1984) have -

suggested that latent heat release is crucial to the
maintenance of the thermally direct frontal circulation
which triggers the instability. More recently, Ogura et
al. (1985) and Watanabe and Ogura (1987) showed
that orographically forced lifting in conjunction with
the transport of very warm, moist air by a low-level jet
contributed to exceptionally heavy rainfall in the Na-
gasaki area of Japan in July 1983. Kuo et al. (1986)
have studied the mesoscale aspects of heavy flooding
in the Sichuan Basin in July 1981. They were able to
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FIG. 1. Accumulated precipitation (mm) for 24 h periods beginning
0000 UTC (a) 23 June 1983, (b) 24 June 1983 and (c) 25 June 1983.

relate the heavy precipitation to the formation of a
persistent mesoscale vortex over the Basin, in response
to a quasi-stationary convergence zone at low levels.
The convergence zone formed along a line of conflu-
ence between an unusually strong southwesterly mon-
soon current south of the Quinghai-Xizang Plateau,
and a northwesterly Siberian airstream to the north of
the Plateau.

From a larger-scale point of view, Chen and Chi
(1980), Chen and Chang (1980), Chen (1983), Kato
(1985) and Tao and Chen (1987) have shown how the
position of the Baiu front is strongly influenced by
large-scale circulation features over Asia and the west-
ern Pacific. Abrupt shifts of the latitudinal position of
the front can occur with a rearrangement of the large-
scale circulation features. Chinese meteorologists have
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FIG. 2. Simplified terrain map (m) for China with Yangtze River superimposed.

related these abrupt shifts to thermal and dynamical
forcing by the Quinghai-Xizang (Tibet) Plateau (e.g.,
see Yeh et al., 1958; Yin, 1949; Zheng and Liou, 1986).
Ding et al. (1980), Huang et al. (1976), You (1965),
Xue (1980), and Tao and Chen (1987) have shown
how the Quinghai-Xizang Plateau helps generate shear
lines (confluence zone) downstream, along which east-
ward propagating disturbances to the south of the Pla-
teau help to trigger and focus convective precipitation
outbreaks.

2. Synoptic overview

Surface, 850, 500 and 200 mb sectionals for 0000
UTC 23 June 1983 are shown in Fig. 3. The prominent
feature on the surface maps is an east-west oriented
quasi-stationary frontal boundary along 30°N. Nu-
merous showers and thunderstorms are reported near
the southern flank of a widespread steady rain region
along and to the north of the frontal boundary. The
frontal boundary serves as a convergence zone between
westerly flow around the western flank of the Pacific
subtropical high located over southeastern China and
an easterly airstream over central China. Little move-
ment of the boundary occurs over the 48 h period,
while minor cyclonic disturbances ripple eastward
along the front. Another important feature is the ab-
sence of appreciable baroclinity across the frontal
boundary. Surface temperatures are near 25°C just to

the south of the front and 20°-25°C immediately to
the north. Surface dewpoint temperatures average 1°—
2°C lower everywhere. A typhoon approaches to the
south of the subtropical ridge line, but does not reach
the south China coast.

A frontal boundary lies along and to the north of
the surface frontal position at 85¢ mb. Copious mois-
ture is present within the frontal zone and in the south-
erly airstream from the western end of the South China
Sea. A narrow low-level jet (peak wind speeds just un-
der 20 m s™') is seen near 110°E to the south of the
frontal boundary. A thermally direct frontal circula-
tion, which will support substantial precipitation in the
Yangtze River Valley, is implied. In comparison to
typical surges of tropical air into central North America,
the 850 mb temperatures in southern China are 2°-
3°C warmer, indicative of considerably higher equiv-
alent potential temperatures (6,).

The flow pattern at 500 mb depicts a broad anti-
cyclonic flow pattern across much of China, with the
main belt of westerlies well to the north. A subtropical
anticyclone is ceniered near the coast of southeastern
China. Of particular interest is the minor short-wave
trough near 35°N, 100°E at 0000 UTC 23 June. Cooler
air from Siberia will flow southward east of the Plateau
in the wake of the 500 mb trough at low levels, and
will reinforce the surface frontal boundary. The flow
is confluent near the east Asia coast, downsiream of
the mobile short-wave trough. The 500 mb trough is
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embedded in a weak belt of westerlies located south of
the massive Quinghai-Xizang Plateau, and propagates
eastward across China at about 7 m s™!. Ample mois-
ture is present in the trough, which suggests a Bay of
Bengal midlevel moisture source for the rainstorm.
Comparison of the surface, 850 and 500 mb maps
indicates that the quasi-stationary surface-frontal
boundary lies along the southern flank of the mobile
trough, where weak dynamical ascent operates on rel-
atively high 6, air in the lower troposphere. In com-
parison to North American convective outbreaks,
however, the 500 mb temperatures over China
(~ —2°C) are several degrees warmer and the air is
more moist, which reduces the midlevel §, minimum
and the potential for severe weather.

The infrared satellite image for 0000 UTC 23 June
1983 displayed in Fig. 4 summarizes these features.
Southeastern China, under the influence of the sub-
tropical anticyclone, is nearly free of deep convective
clouds. Between 28° and 36°N a broad east-west ori-
ented cloud band (with embedded convective clouds)
extends from the Quinghai-Xizang Plateau eastward
to the coast, along and to the north of the surface-
frontal boundary. The cloudiness is locally enhanced
near 35°N, 125°E; Fig. 3 shows the presence of a mo-
bile short-wave trough aloft and a surface frontal
boundary. A more prominent circulation center is seen
near 50°N, 95°E. Cooler and drier Siberian air is flow-
ing eastward and southward to the rear of the cold-
frontal cloud band between 100°-110°E. This cloud
band merges with the aforementioned east-west ori-
ented cloud mass near 35°N, 100°E along the northeast
edge of the Quinghai-Xizang Plateau, and to the north
of the Sichuan Basin. Elsewhere, Fig. 4 discloses that
extensive southwest monsoon cloud elements extend
into southwestern China from the Bay of Bengal.

Fig. 5a displays the 700 mb map for 0000 UTC 23
June 1983. The cyclonic circulation center at the west-
ern end of the Sichuan Basin (near 29°N and 102°E),
hinted at on the 850 mb map in Fig. 3, is now clearly
defined. Chinese meteorologists call this cyclonic cir-
culation center a southwest (SW) vortex. It is a com-
mon feature of much of the warm season, and its origin
is related to the complex interaction of the monsoon
southwesterly flow with the steep terrain in the presence
of extensive latent heat release from convective (and
some stratiform) clouds. Kuo et al. (1986) have hy-
pothesized that the formation of the SW vortex is a
consequence of the blocking of the southwesterly
monsoon current by a cluster of mountains adjacent
to the southeastern edge of the Plateau. Chen and
Dell’Osso (1984) offer a slightly different interpretation
for the formation of the SW vortex. Their numerical
investigation clearly shows that the configuration of
the synoptic-scale flow was crucial to the genesis of the
SW vortex, and that the vortex was generated over the
Plateau in the presence of latent heat release. Kuo et
al. (1986) have argued that the SW vortex forms along
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the southeastern edge of the Plateau as a separate cir-
culation center from a Plateau vortex. Here, we accept
the presence of a lower tropospheric vortex near the
Sichuan Basin at 0000 UTC 23 June. The important
question of the origin of the vortex is beyond the scope
of this paper. We are interested in describing what hap-
pens to the Sichuan Basin vortex (and other circulation
features) when a weak trough in the westerlies north
of the Plateau moves eastward across northern China
and the Soviet Union.

Figure 5a shows a north-south oriented 700 mb
trough line near 100°E along the northeast edge of the
Quinghai-Xizang Plateau. Support for this feature is
seen at 500 mb in Fig. 3. To the west of the 700 mb
trough line, cold air is beginning to funnel southward
along the eastern edge of the Quinghai-Xizang Plateau.
The change in 24 h is dramatic. Figure 5b shows the
700 mb map for 0000 UTC 24 June 1983. The 700
mb trough has advanced eastward to near 108°E north
of 35°N. Cooler air has plunged southward to the
northern rim of the Sichuan Basin near 30°N, 105°E.
The cooler, low-level, northerly airstream east of the
mountain massif is highly ageostrophic, as the winds
are blowing nearly perpendicular to the height con-
tours; this is analogous to what happens in cold-air
damming and surge situations in the United States east
of the Rocky Mountains and Appalachian Mountains
and along the West Coast (e.g., see Forbes et al., 1986;
Bell and Bosart, 1987; Mass et al., 1986). There is also
evidence for a low-level, northerly jet, as the station
near 31°N, 105°E reports an 850 mb wind (shown by
a dashed wind barb in Fig. 5b) of just under 20 m s’
It is clear from a comparison of Figs. 3, 5a and 5b that
the aforementioned quasi-stationary 850 and 700 mb
boundary just to the north of 30°N has strengthened
in terms of baroclinicity and convergence, particularly
to the east of the Sichuan Basin. Comparison of Figs.
5a, b shows 700 mb height rises of more than 30 m
centered near 35°N, 100°E to the east of the Quinghai-
Xizang Plateau as the cooler air becomes established
in lower levels in the wake of the trough passage. The
mountain parallel-height gradient north of the Sichuan
Basin drives the low-level ageostrophic flow which,
blocked by the massive mountains to the west, is forced
to funnel southward into the Sichuan Basin.

The surface map for 0000 UTC 24 June shown in
Fig. 6 reveals an extensive area of precipitation along
and to the north of the east-west oriented frontal
boundary. Widespread thunderstorms are reported
near the cyclonic circulation center in the Sichuan Ba-
sin, and near the mouth of the Yangtze River to the
east. The latter rain area occurs in conjunction with
weak, warm-air advection in anticyclonic flow at 700
and 500 mb (compare Figs. 5b and 7a) as the very
moist monsoonal airstream flows eastward north of
the subtropical anticyclone. Inspection of the S00 mb
map for 0000 UTC 24 June (Fig. 7a) discloses the con-
tinued strengthening of the subtropical anticyclone
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FIG. 4. Infrared satellite imagery for 0000 UTC 23 June 1983. Ifatitude—longitude lines every 10°.

centered along the coast of southeastern China. To the
north, the 500 mb trough along 110°E is weakening
eastward, as is the case at 700 mb. Meanwhile, a second
weak trough located just east of 90°E is moving east-
ward north of the Quinghai-Xizang Plateau, while a
short-wave ridge lies to the east near 100°E. There is

also evidence for the formation of a closed cyclonic

vortex over the Plateau near 35°N, 97°E. A weak

trough line extends southeastward from this vortex to
the west of the Sichuan Basin, while a shear line extends
to the southwest. Minor vorticity maxima appear to
be moving northeastward in the monsoon flow south
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FIG. 5. (a) 700 mb map for 0000 UTC 23 June 1983. Format as in Fig. 3. Geopotential
heights every 30 m. (b) As in (a) except for 0000 UTC 24 June 1983. Dashed wind
barb near 31°N, 104°E is the reported 850 mb wind.
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of the Plateau. Over the Sichuan Basin, the south-
westerly 500 mb flow is warm (T ~ —2°C) and moist,
with little evidence for cyclonic curvature or vorticity.
Given the obvious cyclonic flow in lower levels over
this region, we conclude that the §50-500 mb thickness
would show a weak warm core system centered over
the Sichuan Basin.

The infrared satellite imagery for 0000 UTC 24 June
1983 shown in Fig. 8 depicts a quasi-circular mass of
very cold (white) thunderstorm cloud tops centered
over the Sichuan Basin (30°N, 105°E). The growth of
these clouds over the previous 24 h (recall Fig. 4) is
dramatic, and reflects the outbreak of massive convec-
tion in the Sichuan Basin with the arrival of cooler air
from the north at low levels, a strengthening of the
low-level baroclinic zone, and a combination of syn-
optic-scale ascent (warm air advection) and orographic
ascent of warm, moist convectively unstable air over
the shallow wedge of cooler air near the surface. Typical
values of the Showalter Index, Total Totals Index and
K Index are —2, 45 and 38, respectively, in this airmass.
The quasi-circular convective cloud mass is suggestive
of a mesoscale convective complex (MCC) of the type
described by Maddox (1980) across the United States.
At 200 mb (not shown), the well-known anticyclonic
circulation (e.g., see Maddox and Doswell, 1982) char-
acteristic of an active MCC is seen. Again, the satellite
figure (Fig. 8) reveals the continued absence of deep
convective cloudiness in southeastern China, the

FIG. 6. As in Fig. 3a, except for 0000 UTC 24 June 1983.

southwest monsoon flow from the Bay of Bengal, the
eastward advection of the cloud mass north of 35°N
and east of 107°E ahead of the mobile 700 and 500
mb troughs, and relatively cloud-free (Siberian) air in
its wake.

A separate mass of convective clouds located near
36°N, 115°E marks the eastern precipitation area seen
in Figs. 1 and 6. This latter rain area is occurring in
advance of the extreme southern edge of the mobile
500 mb short-wave trough shown in Fig. 7a, and along
a cyclonic shear zone at 850 and 700 mb (Fig. 5b) in
the presence of the weak warm-air advection. Again,
typical values of the Showalter, Total Totals and K
Index are —1, 46 and 39, respectively. Little change is
seen in these values over the 3-day period along and
within several hundred kilometers of the frontal zone.
The deep convective instability, so characteristic of air
masses over the American plains in spring and summer,
is absent over China because of the relatively warm
and moist air in the middle troposphere. The high K
Index values (~40), in conjunction with the relatively
weak vertical wind shear (winds <10 m s™! at 500 mb),
suggest slow moving, heavy precipitation-producing
thunderstorms. .

By 1200 UTC 24 June 1983, a dramatic change is
evident in the 500 mb circulation (Fig. 7b), with a well-
defined cyclonic circulation and vorticity maximum
located near 32°N, 104°E just to the northeast of the
Sichuan Basin. Elsewhere there is relatively little change
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FI1G. 7. (a) 500 mb map for 0000 UTC 24 June 1983. Format as in Fig. 3.
(b) As in (a) except for 1200 UTC 24 June 1983.
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FI1G. 8. As in Fig. 4, except for 0000 UTC 24 June 1983.

in the pattern. The cyclonic vortex over the eastern
edge of the Quinghai-Xizang Plateau (near 33°N, 98°E)
has strengthened, while the trough near 40°N, 110°E
at 0000 UTC 24 June has moved eastward and weak-
ened as the short-wave ridge west of Korea has col-
lapsed. The baroclinic zone across the Quinghai-Xizang

Plateau has strengthened in response to the diurnal
heating cycle over the Plateau and the eastward move-
ment of cooler air to the north. The corresponding
1200 UTC 24 June infrared satellite image shown in
Fig. 9 is revealing. The comma-shaped cloud feature
located near 32°N, 108°E is remarkably similar to typ-
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