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ABSTRACT

The large-scale environmental conditions for thunderstorm developrment have been studied with 40
selected synoptic processes during 1572—1%3. It is shown that the thunderstorms in eastern China can be
divided into two types: pre-trough and post-trough. The convective instability before the pre—trough thun-
derstormis is established primarily by the dry and moist differential advection and that before the post-
trough thunderstorms by the cold and warm differential advection, The subsynoptic scale circulation has
direct effects on the establishment and release of instability, The pre—trough thunderstorms occur in the
overlapping region of the ascending motion in the upper baroclinic waves and the ascending branch of the
low-leve) jet sirong wind core circulation and the post-trough thunderstorms occur in the lower convergent
region below the ascending branch of the jet-{ront circulation. The effect of the lower dry and warm Kds, the
coupling of the low-and upper-level jeis and the dry advection in the middle-level jet are the favorable
factors for the severe storm formation.

1. INTRODUCTION

The thunderstorm outbreak is governed by environmental conditions. As early as the
mid—forties, H. R. Byers and R. R. Braham!"! proposed three conditions for the thunderstorm
outbreak: moisture, conditional instability and lifting mechanism. Since the discovery of
convective storms in the sixties, there has been further understanding of the conditions for
its outbreak: (1) strong potential unstable stratification, sometimes with inversion in the
lower layer of the atmosphere; (2) moist tongue and strong moisture convergence at low
levels; (3) trigeering mechanism inducing the release of unstable energy; (4) wpper- and
low-level jets, sometimes middle-level jets; and (5) intense vertical wind sheart*3), Much
progress has been made in the studies on this subject. Nevertheless, there remain some
questions Lo be answered, e. g what are the differences between the environmental con-
ditions for the thunderstorm outbreak in different synoptic-scale distrubances? what are the
key conditions for the outbreak and mainienance of thunderstorms?

In this paper, 40 selected thunderstorm processes that occurred during 1972—1983 in
easiern China are divided by the upper-level trough area at 500 hPa into two types: pre-
trough and post-trough, and the former type is subdivided into northern branch troughs
(occurring 8 times), southern branch troughs {11), and high rears (10); the latter type into
cald vortexes (4} and short wave troughs (7). Studies show dramatical difference between the
environmental conditions for the pre-trough and post-trough types and the subsynotptic
circutation related to the synoptic scale disturbance plays an important rele in the outbreak
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and maintenance of thunderstorms.

0., ENVIRONMENTAL PARAMETERS BEFCRE THUNDERSTORM OUTBREAK

Prior to the pre-trough thunderstorm outbreak, a moist tongue, with its central value
of 12—14 g/kg in the composite specific humidity field at 850 hPa, extended from southern
China toward eastern China and its lower moisture axis ran basically in the same direction
as the southwesterly flow or low-level jet. Due to the back-tilted structure of the low
trough, over the moist tongue at 8§50 hPa was the very dry area at 500 hPa and the com-
posite specific humidity was less than 4 g/kg. The moisture distribution, dry at a high level
and moist at a low level, formed a conveclive unstable area of negative Af, 5 which ran
in the same direction as the lower moist tongue, the central value of composite Afl 35
being —-8.8°C. The build-up of the pre-trough thunderstorm convective unstable energy
was primarily the result of the vertical moisture distribution. The moisture in the post-trough
thunderstorm was concentrated in the boundary layer. Also, near the earth’s surface was
found a moist tongue, extending from south to north into eastern China, and its central
value of composite specific humidity could be as high as 16 g/kg. But just above 850 hPa
was a dry area and the moist layer was rather thin. Cold air invasion into the rear of the
post—trough at 300 hPa and a remarked warm ridge at 850 hPa extending from west to
east toward eastern Ching accounted for the increasing of conditional instability and the
composite value of AT was 28.4°C, higher than that of the pre-trough type 25.6°C. The
central value of composite A, of the post-trough type was —10°C, and the distri-
bution of convective unstable arca conformed with the warm ridge at 850 hPa, which was
basically determined by the vertical temperature distribution.

Figs. | and 2 show cross-sections of the composite two-dimensional flow and 1 VgV
. g

in the southern branch trough and short wave trough, respectively, representing the flow
structures of the pre-trough and post-trough thunderstorms before their outbreak. It is
seen from these figures that moisture convergence cxisted at the low level in both types,
and particularly in the southern branch, the intense moisture flux convergence was 30X
10~ gi(em? hPa sec), which was directly due 1o the flow convergence in front of the strong
wind core in the low-level jet. The moisture convergence of the post-trough was confined
only in the surface boundary layer, but it was consistent with the scutherly flow in the shaitow
layer. The layers of moisture flux divergence were found all above the moisture convergent
layer, which was therefore favorable for the formation and maintenance of the convective
instability. Nevertheless, the convective instability caused by this kind of vertical distribution
of moisture was found only below 700 hPa.

Before the (hunderstorm outbreak, the environmental atmosphere gradually changed
its descending motion 1o the ascending one with the maximum vaiue between 700—500 hPa,
which was also the position of nondivergent layer. As for the vertical distribution of vor—
ticity, the value of vorticity in the pre-trough diminished with height, and even changed from
the positive to the negative, an indication for the appearance of thunderstorms to the south
of the upper—level jet or in the high ridge. On the contrary, the whole layer was of positive
vorticity. As a consequence of the lower warm ridge, the value of vorticity diminished
from the surface up to 850 hPa. And higher up the positive vorticity steadily increased,
showing the deep structure characteristic features of the cold trough (vortex).
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Fig. 1. Cross-section of composite Aow structure in the southern branch
trough.
Cross—section line is on the lefi side of lew-level jet axis and in
the direction of the jet stream.
Solid line: sireamdine; Dashed line: 1/gv-q¥ line,
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Fig. 2. Cross-section of composite flow structure in the short wave irough,
Cross-section Jine is the direction of upper air flow.
Solid line: streamline; Dashed line: 1/gy-gV line.

About 4.8 of the 2% pre-trough jets were upper-level jets and 68.9% low-level jets,
and 63.73; of the 11 post-trough jets were upper-level jets and 18.2% low-level jets. The
low-level post-trough jets appearing within the boundary layer were much weaker than the
low-level pre—trough jets. Most of the thunderstorms occurred on the left side or in left
front of the low-level jet strong wind core, and'in the right rear of the upper-level jet strong
wind core or near the jet axis.

For the U shears in both the pre-trough and the post—trough, the composite value of
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the former between 850—300 hPa was 1.4 x [0~ and that of the fatter 3.0x 107%s~". The
composite value of the former between 850—500 hPa was 1.5x 107%™ and that of the lat-
ter 2.2% 107%s~". In the post-trough below 100 hPa, all were southerly wind components,
in the pre-trough below 100 hPa, except the weak northerly wind components above 100
1Pa, while in the post—trough, alf were northerly components above 830 hPa, with southerly
wind compenents only found in the boundary layer. Their V shears between the upper-
level and low-level. and between the middle-level and low-level were very small,  In the post-
trongh the veering of wind between 85-—500 hPa was on the average 25°. In the pre-trough
type, the average veering of wind between 830500 hPa was only I°. The stronger the
thunderstorm, the greater the difference in wind direction between 850—3500 hPa. During
severe weather oceurring in the post-trough, the wind direction veered more than 90°.

1If, THE EFFECTS OF SUBSYNOPTIC SCALE CIRCULATION

Usually, thunderstorms cccurred in opdraft which was, for the most part, conditioned
by the secondary circulation in synoptic-scale disturbances. The pre-trough thunderstorms
were characterized by the low-level jet strong wind core circulation and the post-trough
thunderstorms by the upper-lever jet-front circulation,

I. The Upper-level Jet-Front Cirenlation

In advance of the post-trough thunderstorm, there happened the outburst of cold air
associated with the upper—level short wave trough in the rear of the main trough (vortex),
which caused the upper frontogenesis on its leading edge and the forming of upper jet-
front by the combination of the frontal zone with the pre-trough jet stream. The jet-front
system is of synoptic scale, or even larger, while its transverse structure, including the therme-
dynamic gradient as well as the transverse circulation produced in the geostrophic deforma-
tion field in the jet-frontal zone as all of subsynotpic scale!”’.

Under the adiabatic and non-viscous condition, the equation for frontal ageostrophic
transverse circulation on the ¥-P plane is as follows:

80 3y n om &'y om 'y Y NI

aP a2yt ' “oP byeP oy aPt

where m=(U,—/¥} is absolute momentum; &m/2y inertial stability; &m/8P baroclinic
stability; 20/aP static stability; —J,,({7¢,} 5} geostrophic deformation field; and p=

R ( P. )c,/c,'

TR

A diagnosis by using the above equation of the jet-front circulation and its evolution
indicates that the direction and intensity of the jet-front circulation are closely related to
the baroclinic wave in the process of the upper cold air outburst. By utilizing the geostrophic
deformation field in the real upper-level jet-frontal zone during the process of the post-
trough squall-line cluster on 17 June 1982, we have resolved the above equation satisfying
J,»(m, §)=0 giving the evolution of the jet-front circulation as shown in Fig. 341, Ay 00
7 17 when the temperature trough of baroclinic waves was behind the pressure trough,
the cold air kept entering the upper-level jet zone in fromt of the pre-trough, which
resulted in the development of baroclinic waves and the jet frontogenesis, causing an indirect
circulation with the descending warm air and ascending cold air (see Fig. 3a). By 1200 Z,
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the cold air had all entered the jet zone and the pressure trough basically overlapped with the
temperature trough and as a result the baroclinic waves and the jet-front indirect circula-
tion both developed to the peak (see Fig. 3b). AL 00 Z 18, as the temperature trough mo-
ved in advance of the pressure trough and the cold air left the jel zone, the baroclinic waves
tended to become weakened, and the jet—front dissipated. Thus the frontal zone circulation
was adjusted into a direct one (see Fig. 3c).
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Fig. 3. Evolution of the jei-front circulation during 17—18 June 1982.
(a) At00 Z 17 (b) At 1200 Z 17 (c) At 0D Z 18
Solid line:  {m/s hPa)}; Dashed line: (10~ hPa)s)

When there was an indirect circulation in the jet-{ront, the convergent line of subsynop-
tic scale appeared in the rear of the high behind the upper-level trough. In the stretch of
descending zone behind the main trough, a narrow ascending zone was formed contributing
to the deep convection outbreak when the ascending motion on the convergent line and
the ascending branch of the jet-front circulation were overlapped. Meanwhile, in the
descending branch of the circulation, the convection development was impeded, which was
favorable to the accumulation of convective unstable energy by the reinforcement of the
lower dry and warm lid.

During the afterncon of 17 June, four squall lines were formed successively in the south
of Shandong Provinee and the north of Jiangsu and Anhui Provinces, all in the rear of the
upper cold vortex. The cluster of squall lines, which had developed in the ascending branch
area of the jet-front circulation, moved from north to south, reaching the low leve! of the
descending branch of jet-front circulation where they became weakened and died ont. On
the other hand, in the place where the ascending branch of circulation and the surface con—
vergent area of air flow were linked, new squall lines arose in succession and at 1200 Z 17,
and the cluster of squall lines was traveling southward one after another (see Fig. 4}
Then with the adjustment of the jet-front circulation from the indirect to the direct, the
squall line source came to be controlled by downdraft and new squall lines were no longer
found in the north. Thus, the squall-Kne cluster became collapsed.

2, The Low-level Jet Strong Wind Core Circulation

Before the occurrence of the pre-trough thunderstorm, there often arose the south-
westerly low-level jet. The wind speed of the low-level jet on the west side of the Pacific
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subtropic high was distributed unevenly, the spacing of the strong wind core being subsyn-
optic. Usually a fongitudinal circulation was formed in front of the strong wind core in
the direction of air flow; and a transverse circulation originated from the friction in the
boundary layer, These two vertical circulations in the low-level jet were both of subsynop-
tic scale. The heat and moisture transfer by the lower jet was concentrated in front of the
strong wind core., so that the convective unstable stratification in the lower atmosphere could
be formed and maintained; and the overlapping of the ascending branch in the low-level
jet circulation with the ascending motion due to the middle- and upper-level barecknic
waves would mzke for the deep convection outhreak in the left front of the low-level jet
strong wind core, thus inducing heavy rainfall.

When the disturbance scale is less than the adjustment scale Loj:/%f , where

C = T Cypq—p.t9, he departure of thermal wind vorticity in the low as E; %\?EE)>D,
a

and in the high as E—J‘ \?2$<0, the reinforcement of the ascending on the low pressure side

!

and the descending on the high pressure side would intensify the transverse vertical circulation
penelrating the jet axis and contribute to enhancing the kinetic energy of the air particles.
This would exert further effects on the low-level jet strong wind core circulation. Now the
evolution of the thermal wind vorticity within the 500—250 hPa has been calculated from
the data obtained during the low-level jet thunderstorm in the warm sector during 24—25 May
1980. At 1200 7 23, two subsynotpic-scale lows were found in the warm trough at &.7
hPa in front of the upper-level trough and to the left side of the low—fevel jet. The cal-
culation for the distribution of the thermal wind vorticity between 500—830 hPa shows that
a positive departure of thermal wind vorticity was in these two lows on the left side of the
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Fig, 4. Effects of the jet-front circulation Fig. 5. Distribution of moisture fux diver-
on the development of the squall~ gence (10-* kg/s) in unit air column
line cluster. at 1200 Z 24 (positive as cofnivergence

and negative as divergence).
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low-level jet, and a negative on the right, a situation in favour of the increasing of the low—
fevel jet transverse circulation. At 00 Z 24, the low-level jet developed to its maximum,
with the central value at 850 hPa up 1o 38 m/s at Shou county, Anhui Province and 24
m/s at Hankou. During 24—25 the thunderstorm rain bands, about 1000 km long and
200 km wide, were separately formed in the areas of northern Anhui and Jiangsu Provinces
and north of Dabic Mountain ahead of the two strong wind cores.

The ascending branch of the low-level jet strong wind core circulation and the conver-
gence of the low-level moisture acled significantly upon the formation of the thunderstorm
rain bands. Fig. 5 shows the distribution of moisture flux divergence in unit air column

“100
I= N V.- Vogd £ in gastern Chinal™, at 1200 Z 24 when the development of subsynop-
g’ 1007 p

tic low on the left side of the low-level jet reached its maximum. The maximum moisture
convergent centres shown in Fig. § were located near Binhai and Xuyi Counties of Jiangsu
Province, quite coincident with the rainstorm ceutre. The calculation for the horizontal

{600
moisture flux divergence in the lower troposphere-;}} v.¥gd P and the moisture ver-
1000

tical transportation — 1ﬂﬁ)_.,gr caused by the convergence due Lo boundary layer friction
g

reveals that they account for around 65% and 339% of the net convergent amount of
moisture in the whole air column, respectively, near the center of the thunderstorm rain.
This goes 1o show that the low—level jet strong wind core and the subsynoptic-scale low
are of considerable importance to the transportation and concentration of meoisture. The
convective unstable energy built-up under this condition would trigger heavy rain by the
ascending branch of the low-level jet strong wind core.

In the process of the pre-trough thunderstorms, there were also many cases in which
the low-level jets appeared in the warm sector ahead of or above the cold front line.
After the cold front combined with the low-level jet, the transverse circulation in the frontal
zone determined by the gecstrophic deformation field would act on the development of the
convection. Usually, to the left of the low-level jet, a direct circulation with warm air
ascending and cold air descending was formed along the frontal zonme. This would be
advantageous 10 the occurrence of large-scale thunderstorm rain, providing the ascending
branch of the circulation would arise ahead of the upper-level trough.

Of course, the real conditions are rather complicated, for occurrence of thunderstorms
is also conditioned by the low-level jet longitudinal circulation. For instance, in the
process of the southern branch trongh thunderstorms on 14 May 1981, the cold front was
located in the rear of the low-level jet strong wind core, where the cold front was impelled
to dissipate because of the divergence and the descending motion, while the downdraft with
middle-level westerly wind momentum reached the lower layer and formed a new conver-
gent line in the warm sector ahead of the cold frent, which caused a new convective de-
velopment, resulting in an intense squall line.

1V, CONDITIONS FCGR THE SEVERE THUNDERSTORM DEVELOPMENT

1. Lower Warm, Dry Lids

Before the outbreak of the severe post-trough thunderstorm the lower layer was usuaily
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characterized by the stratification with the descending inversion, but such was not the
case with the pre-trough thunderstorm. Fig. 6 indicates the pressure distribution of the Jower
inversion, being typical of the cold vortex type {Fig. 6a) and the short wave trough type
(Fig. 6b). They shared the common features; the inversion layers existed below 700 hPa,
with their bases higher on the south than on the north; in the boundary laver under the
inversion was the transporting of moist underrunning from south to north; above the in-
version were warm, dry westerly downdrafts in the rear of the troughs; the border of the
inversion layer came down to the surface where there was the confluent flow band of
surface dry line and air fiow.

F{O The

Fig. 6. Distribution of the lower inversion layer before the severe con-
vaction. Lid base analyses at 00 Z 17 June 1982 (cold vortex type)
(left) and at 03 Z 17 June 1974 (short wave trough type) (right),
- dry line; —— isobar; solid arrows, middle-level dry,
warmy air flow; dashed arrows, underrunning.

Acting as a “1id”, the lower inversion helps the lower unstable energy to be accumula-
ted and its existence provides an advantageous thermodynamic conditlion for the arising of
a severe thunderstorm.  This is in agreement with the result of the study by T.N. Carlsont®,
excepl that the dry, warm lids in his analysis appeared in the updraft ahead of the wester-
ly wind trough with a distribution lower on the south side than on the north, and the
inversion was caused by the different temperature advections at the upper and low levels.

In both of the above processes, large-scale severe convective weather was observed in
eastern China, the latter process being more severe than the former. The reason for this
difference could also be found from the analysis of the thermodynamic structure. Fig. 7
shows the typical stratification curves at Nanjing at 00 Z 17 June 1974, in which the thickness
of inversion near 780 hPa was about 400 m, T— T4 in the dry area at 700 hPa was 20°C.
In the layer below the inversion, about 80 hPa in thickness, was a moist layer close to
saturation. At Gaoyou County, there was also an inversion at 850 hPa, but its thickness
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was 270 m. The maximum 7-7, in the dry laver above the inversion was 12°C, with the
moist layer below also close to saturation, It is shown that severe thunderstorms are
common in the United States, where tornadoes are most frequently observed in the world.
Fig. 7c illustrates the average stratification curve before the tornado outbreak in Okla-
homz and its neighbouring states!™). [t is very similar to the stratification of the post-trough
severe weather process. It is seen from Fig. 7c that the inversion was near 800 hPa, about
500 m in thickness, with greater difference between the upper dry air and the lower moist
air; at 790 hPa above the inversion the T-T = 25°C dry layer stretched up to 500 hPa
and zbove with its thickness over 300 hPa. It is obvious that the more intense the inver—
sion and the greater the difference between the upper dry air and the lower moist air, the
more severe the convective weather will become.
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Fig. 7. The soundings before the outbreak of severe weather.
(a) The stratification curve at Nanjing at 00 Z 17 June 1974,

{(—— T-profiles, - ---- T y—-profiles)
(b) The stratification cwrve at Gaoyou County at 00 Z 17 June
1982,

{c) The average stratification curve before the tornado outbreak in
the United States.

2. The Low-devel Jet Coupling with the Upper—level Jet

The coupling of the low— and upper-level jets is often one of the dynamic conditions
for the cutbreak and maintenance of severe convective weather. The situation, as described
by Ueccellinil'™, in which the low- and upper-level jets’ coupling led to severe weather, is
not infrequent during thunderstorms in eastern China. But there arc some distinctive
characteristics. As stated above, the occurrence of the post-trough thunderstorms is directly
related to the jet—front circulation. When the jet-front circulation is an indirect one, there
exists at about 600—700 hPa an ageostrophic wind blowing from south to north which is
responsible for the super-geostrophic property of the lower air flow, Under the action of
Cariolis force. the wind speed will increase rapidly and a westerly low-level jet is formed.
For example, during the development of the squail-line cluster on 17—18 June 1982, a new
subsynoptic-scale low-level jet was generated around 600--700 hPa with the intensity
of 22 mjs at 1200 Z 17 and along with the maintenance of the indirect circulation the speed
of the westerly wind would continue to increase. A 1200 Z 17 the ageostrophic wind ¥,
was 3.2 m/s near 600 hPa, as shown in Fig. 8, thus causing the westerly wind component
acceleration, from which the westerly wind increment can be inferred to be 11.4 m/s at
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00 Z 18. It is clear that the low-level jet generated during the adjusting process of this
wind and pressure field is considerably great in intensity.

The formation and intensification of the westerly low-level jet would contribute to the
maintenance and reinforcement of the squall lines when the cyclonic vorticity and ascending
motion region on its left side combine with the ascending branch of the jet-front circulation:
on the contrary, the maintenance would be impeded when the anti-cyclonic vorticity and
the descending motion region are on the right side of the low-level jet.
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Fig. 8. Distributon of the ageostrophic wind in the jet fromtal zone at
1200 Z 17 June 1982,

The coupling of double upper-level jets with a low-level jet is often the situation
responsible for the outbreak of more severe convective weather!’". On the 200 hPa chart at
00 Z 17 June 1974, as shown in Fig. 9, there was an extratropic jet stream in the north and
a subtropic one in the south, and within the boundary layer was also found a jet siream
penetrating the southern branch jet axis pointing to the right rear of the strong wind core
in the northern branch jet. Under these conditions, initially the squall lines were formed
in the right rear of the extratropic jet strong wind core, then moved toward the subtropic
jet area, and became reinforced until they reached their peak, and eventually faded away
on the right side of the subtropic jet. On the cross—section of the scuth-north—oriented
two—dimensional air flow along the boundary layer jet were observed an updraft on the
south side of the extratropic jet, a downdraft on the north side of the subtropic jet and a
southerly air flow within the boundary layer between these two northerly air flows. Along
the meridian existed an indirect cirgulation. At the base of the circulation circle, the trans—
fer of moisture and heat to the north by the southerly air flow resulted in the forming of
the surface moist tongue and the lower convective unstable areas extending from the sou-
thern part of Jiangsu, Anhui Provinces to Sandong Peninsula, The dry, warm lids in the
southern descending branch effectively accumulated unstable energy while the northern as—
cending branch helped to trigger and release unstable energy, resulting in squall lines,
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which became very severe convective weather when reaching the south side of the subtropic
jet.
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Fig. 9. Distrib'ution of upper wind spesd at 200 hPa
at 00 Z 17 June 1974,

3, Dy Advection in the Middle-level Jet

During most of the post-trough thunderstorms, dry advections were found at the
middle level, and also in the middle-level jet when the weather was exceptionally severe,
On the 500 hPa chart as shown in Fig. 10a, behind the difiluent trough near 40°N there
was a strong wind core in the middle-level jet (>20 m/s) and an apparent invasion of dry
air over the squall line occurring areas. The dry advection in the middle-level jet increased
the convective instability and the convergence of the middie-level air flow. This resulted
in the stretching of the convergent layer up to the middle level and helped the rapid ex-
tension of the convectiive cloud up to the upper air. Consequently, the “6.17"" squail line
vas accompanied at jts very beginning thunderstorm winds close to 20 m/s and precipitation
process between 20—30 mm. On the contrary, above 500 hPa there was moderate dry
advection, even moist advection, so the resulting convective weather was rather weak. As
shown in Fig. 10b, the advection at the middle level over eastern China was moist at 1200
7 22 May 1982, and during the period of 1800 Z 22 to 00 Z 23 occurred weak thunder-
storms without strong ,wind or hail.

The same was true of the pre—trough thunderstorms, i. e., the dry advection would
occur in the middle-level jet were whenever associated with severe thunderstorms. At 00 Z
2% June 1980, there occurred the middle-level jet with the central value of its strong wind
speed as high as 32 m/s ahead of the southern branch trough at 500 hPa. And there were
severe dry advections over Jiangsu, Zhejiang and Anhui Provinces. During the time of
1900 Z 25 to 0300 Z 26, widespread severe weather, such as hail and thunderstorm wind,
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hit these areas. It was obvious that the dry advection in the middle-level jet was also one
of the important thermodynamic and dynamic factors responsible for the thunderstorm rein -
forcement.

40°

357

30°

N

Fig. 10. Middle-level moisture advection prior to the convective weather
in the post-trough. '
Shown here are the fields of air flow and specific humidity at
500 hPa at 00 Z 17 June 1974 (left) and 1200 Z 22 May
1982 (right). D—dry; W-wet.

V. CONCLUSIONS

(1) The thunderstorms occurring in eastern China can be divided inte two main types:
pre-trought and post-trough. Prior to the pre—trough thunderstorms the upper— and low-
levels are both relatively moist with thick moisture convergence and small potential instabi-
lity "'; and in most cases there are low-level jets with small difference between the middle-
and low-level wind directions. Prior (o the post-trough thunderstorms, meisture conver—
gence is found in the surface boundary layer, with great potential instability, and in most
cases, there are upper-level jets with great difference between the middle~ and low-leve!
wind directions, the whole layer being of positive vorticity. These two types, however, share
some common features for their development. Chiefly, they are: occurring in the deep
updraft layer; both with divergence and moisture flux divergence distributed as the lower
level convergence and upper level divergence; ihe vorticity beiug positively distribute
and decreasing with height below 830 hPa and increasing with height within 700—500
hPa.

{2) The convective unstable stratification before the pre-trough thunderstorms is pri-
marily established by the dry and moist differential advection, with the upper dry air coming
from behind the trough or the west side of the subtropic high and the lower moist air mainly
from the south or south-west moist sectors. And the convective instability in the post-trough
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thunderstorms is built up primarily by the cold and warm differcntial advection, with the
upper cold advection coming from the northwest behind the trough and the lower warm
advection from the west. The subsynoptic-scale circulation has a direct effect on the estab-
lishment and relcasing of unstable energy. The pre-trough thunderstorms occur in the over-
fapping region of the ascending motion of upper baroclinic waves and the ascending branch
of strong wind core circulation in the low-level jet. The post—trough thunderstorms occur
in the lower convergence region below the ascending branch of the jet-front circulation.

(3} The effect of the lower dry warm lids, the coupling of the upper— and low-level -
jets and the dry advection in the middle-level jet all provide favorable conditions for the
formation of severe thunderstorms. The occurrence of convective storms and severe weather
is very often due to the gomprehensive effect of several favorable factors.

The authors arz grateful to He Qigiang, Hu Kangshe and Li Jianjun for their help.
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