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ABSTRACT

In this paper, a typical mei-yu front process with heavy rainfall from June 12 to 15 in 1998 is
analyzed. The results show that the mei-yu front is a front system which consists of an iso-θe dense area
with strong horizontal gradient, a deep-convective cloud tower band, a passageway transporting warm and
moist air flow from the summer monsoon surge in the mid and low levels to the south of the mei-yu front,
and a migrating synoptic scale trough to the north of the mei-yu front, which transports cold and dry
air southward in the mid and upper levels. The maintenance of the mei-yu front is realized by: (1) is a
positive feedback between the moist physical process enhancing frontogenesis and the development of the
strong convective system in front of the mei-yu front; (2) the sustaining system to the north of the mei-yu
front which is a migrating synoptic scale trough transporting cold and dry air to the mei-yu front and
positive vorticity to the mesoscale system in front of the mei-yu front.
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1. Introduction

The mei-yu (Baiu in Japan) is one of the outstand-
ing synoptic and climate features in East Asia. It
happens during the transition period between early
summer and midsummer when warm, moist air from
low latitude oceans reaches the Yangtze-Huaihe River
basin and meets the cold air from high latitudes. Be-
cause of the blocking of the cold and warm air, a flood-
ing season is initiated in the middle and lower reaches
of the Yangtze River.

The occurence of such a phenomenon mainly re-
sults from the mei-yu front system. The mei-yu front
is different from the polar front in mid-latitudes, ac-
cording to Gu (1953) and Xie (1956). Ninomiya (1984)
pointed out that the polar frontal zone is formed as a
zone of strong horizontal gradient of potential tem-
perature, while the Baiu frontal zone is not associated
with a thermal gradient but with a strong gradient
of equivalent potential temperature. The polar frontal
zone is characterized by large time variation, while the
Baiu front is almost stationary. And the time aver-
aged precipitation in the polar frontal zone is smaller
than that in the Baiu front. The polar frontal zone
is associated with several comma- or vortex-shaped

cloud systems, while the Baiu front is relevant to a
narrow cloud zone extending from southern China to
southern Japan. The polar frontal zone is located
around 60◦N in summer while the Baiu frontal zone
located along ∼ 30◦N in the band 110◦–170◦E, and
is not found in the other parts of the Northern Hemi-
sphere. Zhang (1990) and Ding (1993) further stressed
that the mei-yu front is a moist front characterized by
weak temperature gradient but strong moisture gradi-
ent and that there is a strong vertical shear in the
mei-yu frontal zone. Sun and Du (1996) analyzed
the deformation field, divergence, frontogensis func-
tion, and their roles in the maintenance of the mei-yu
front. Chen et al. (1998) found that latent heat re-
lease is crucial for the mei-yu frontogensis. Ninomiya
(2000) pointed out that the mei-yu frontal zone was
characterized by a low-level jet stream, nearly moist
neutral stratification, and a strong gradient of equiva-
lent potential temperature θe during the intense rain-
falls of 1–10 July 1991. Zhang et al. (2002) showed
that the mei-yu front does not tilt with height and that
it is a transition between ITCZ and the extra-tropical
front. Wang and Tao (2002) pointed out that the mei-
yu front may extend to 600 hPa from the surface, and
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that the baroclinicity is very weak within the frontal
zone. Wang et al. (2002) demonstrated that the long
persistence of diabatic frontogensis is attributed to a
positive feedback between the frontal baroclinicity and
the prefrontal latent heat release. Furthermore, Zhang
et al. (2003) simulated the mesoscale convective sys-
tems (MCSs) in the mei-yu front and obtained some
illuminating results.

However, the questions related to the interaction of
the mei-yu front and the mesoscale convective systems
ahead of the mei-yu front, the maintenance mechanism
of the mei-yu front, have not been clearly answered
yet. The present paper will try to study the afore-
mentioned remaining problems in detail. The three-
dimensional structure of the mei-yu front is presented
in section 2. The development and maintenance mech-
anism of the mei-yu front is described in section 3.
Section 4 contains the summary and discussions.

The main data used for the present study are the
extensive observational data from the field experiment
in 1998, T106 re-analysis data from the National Me-
teorology Center of China, which is recorded in a
1.125◦ × 1.125◦ grid system, the cloud top equivalent
blackbody temperature (TBB) which is averaged over
every 0.5◦ × 0.5◦ area, and the daily rainfall during
12–15 June 1998.

2. Three dimensional structure of the mei-yu
front

A typical mei-yu front process occurred during 12–

15 June 1998, which brought the heaviest rainfall in
the Yangtze River valley after the rainy season began
(National Meteorology Center and National Satellite
Meteorology Center of China, 1999).

2.1 Large-scale environment of themei-yu front

During the period of the persistent mei-yu rainfall
of 12–15 June 1998, the circulation characteristic at
500 hPa is the double-blocking high pattern over the
Eurasian continent (as shown in Fig. 1). The Ural and
Okhotsh Seas are each controlled by a blocking high
And there is a broad low trough between them. Cold
air is blocked from moving eastward easily because of
the Okhotsh (sea) blocking high, hence the cold air
from the Arctic is piled up to the west of Lake Baikal.
At the same time, the western Pacific subtropical high
(WPSH), anomalously located in lower latitudes, pro-
vides the favorable background for the warm and moist
air moving northward and meeting with the cold air
from the north in the middle and lower reaches of the
Yangtze River. It is a favorable environment for the
mei-yu pattern. On the other hand, the South Asia
High (shaded in Fig. 1) at 200 hPa lies over the Tibetan
Plateau, and the mei-yu frontal zone is just inside the
anticyclone divergence area on the right side of the
upper-level jet. At 850 hPa, there is a strong low-level
jet stream with the average wind speed greater than
12 m s−1. And the frontal zone is on the left side of
the low-level jet. As mentioned above, the large-scale
environment provides a favorable background for the
mei-yu front.

 

Fig. 1. From 12 to 15 June in 1998, the averaged 500 hPa heights
(solid line, units: gpm) and the South Asia High (shaded§only
present>12560 gpm), velocity greater than 30 m s−1 (thick solid line,
units: m s−1) at 200 hPa and velocity greater than 12 m s−1 at 850 hPa
(thick dashed line, units: m s−1).
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Fig.2.  Average distribution of physical elements associated with the Meiyu front from 12 to 15 June, 1998 

(a) equivalent potential temperature at 850hPa (unit in K, only present from 336K to 360K) , the blackbody 

temperature less than –10℃(shaded, unit in ℃) and the cold front at 00UTC 12, June (the dark front), the 

quasi-stationary front at 12UTC 12, June (the light front) 

(b) heights at 500hPa (unit in dagpm) and the blackbody temperature less than –10℃(shaded, unit in ℃) 

(c) water flux (unit in g·s-1·cm-1·hPa-1，arrowhead is the resultant wind ≥ 4unit) and divergence of the water flux 

(unit in 10-7g·s-1·cm-2·hPa-1,only present ≤ -0.5unit ) 

(d) total rainfall amount of the four days (shaded, unit in mm, only present ≥ 50mm) and the balance of equivalent 

potential temperature at 500hPa minus 850hPa (unit in K, only present ≤ 0unit) 

(e) average vorticity at 850hPa (unit in 10-5s-1, only present ≥ 1unit) and average vertical velocity (shaded, unit in 

m/s, only present ≥ 0.1unit) 
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Fig. 2. Average distribution of physical elements associated with the mei-yu front during 12–15 June 1998.
(a) Equivalent potential temperature at 850 hPa (units: K, only present from 336 K to 360 K) , the blackbody
temperature less than –10◦C (shaded, units: ◦C) and the cold front at 0000 UTC 12 June (the dark front), the
quasi-stationary front at 1200 UTC 12 June (the light front). (b) Heights at 500 hPa (units: dagpm) and the
blackbody temperature less than –10◦C (shaded, units: ◦C). (c) Water flux (units: g s−1 cm−1 hPa−1, arrowhead
is the resultant wind >4 units) and divergence of the water flux (units: 10−7 g s−1 cm−1 hPa−1, only present
when 6 –0.5 units). (d) Total rainfall amount of the four days (shaded, units: mm, only present when >50 mm)
and the balance of equivalent potential temperature at 500 hPa minus 850 hPa (units: K, only present when 60
K). (e) Average vorticity at 850 hPa (units: 10−5 s−1, only present where >1 unit) and average vertical velocity
(shaded, units: m s−1, only present when >0.1 unit).
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2.2 Horizontal structure of the mei-yu front in
the low troposphere

At the surface, from 0000 UTC to 0600 UTC 12
June, the middle and lower reaches of the Yangtze
River were controlled by a cold front (the dark front
in Fig. 2a) moving southward slowly. It was not until
1200 UTC 12 June that the cold front changed into a
quasi-stationary front (the light front in Fig. 2a). From
then on, the quasi-stationary front occupied a narrow
and long zone from the Yangtze River to the south of
Japan. The above shows that it is a typical mei-yu
pattern.

An iso-θe dense zone in the lower troposphere is one
of the important characteristics of the mei-yu front.
Figure 2a shows that at 850 hPa there is an iso-θedense
zone with a strong horizontal gradient of θe from 27◦N
to 32◦N which represents the discontinuity of moisture.
At the same time, another iso-θe dense zone whose
orientation is northeast-southwest connects with the
former one around 30◦N. It is referred to as a sub-
tropical front by some researchers (Yang et al., 1998;
Zhou, 2002). The north-south distance between the
two zones becomes less and less as they extend more
eastward and unite as one over the ocean. This is con-
sistent with the result of Zhou (2002).

Figure 2b represents heights at 500 hPa and the
regions where the blackbody temperature is less than
–10◦C (shaded). From panel b it can be seen that there
is a strong convective zone from the Yangtze River to
the south of Japan. And the distribution of the con-
vective cloud zone agrees well with the distribution of
the rainfall zone (as shown in Fig. 2d). The convec-
tive cloud zone lies ahead of the mei-yu front, which is
associated with a strong equivalent potential tempera-
ture gradient, and there are a series of mesoscale-β and
mesoscale-γ strong convective cloud clusters within the
convective cloud zone. Therefore, the mei-yu front is
not an isolated system but one in close relation with
the mesoscale system within the convective cloud zone
ahead of the mei-yu front.

To be maintained, the mei-yu front needs sufficient
moisture. During this period, a moisture source from
the Bay of Bengal and one from the South China Sea
first concur in the South China Sea and then both
of them go northward to form a strong moisture con-
vergence in the zone to the south of 30◦N (as shown
in Fig. 2c). The heavy rainfall and strong moisture
convergence areas both lie on the south of the mei-yu
frontal zone, and almost overlap with the shaded TBB
area (as shown in Fig. 2b).

As to stability (as shown in Fig. 2d), the mei-yu
frontal zone in the lower troposphere is neutrally or
weakly convectively instable. In front of the mei-yu
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Fig.3. The average wind field at (a)850hPa (b)500hPa (c)200hPa from 12 to 15 June, 1998 
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Fig. 3. The average wind field at (a) 850 hPa, (b) 500
hPa, and (c) 200 hPa during 12–15 June 1998.

front, there is a convectively instable zone which is in
good agreement with the shaded TBB area. In partic-
ular, the strong convective area accords well with the
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instable area. Under such conditions, the CAPE (con-
vective available potential energy) goes upward and
causes convection development.

As to average vorticity (as shown in Fig. 2e), there
is a positive vorticity zone along the mei-yu frontal
zone in the lower troposphere, which exactly corre-
sponds to a strong ascending motion zone (shaded).
The positive vorticity zone extending toward south-
west coincides with the low-level jet and lies to the
left of the jet.

Besides these, there is a weak horizontal shear of
wind in the lower troposphere along the mei-yu frontal
zone. And the horizontal shear of the wind in the high
frontal zone is not obvious (as shown in Fig. 3).

In summary of the above, the horizontal structure
of the mei-yu front in the lower troposphere is as fol-
lows. The mei-yu frontal zone occupies an iso-θe dense
zone with a strong horizontal gradient of θe, and the
surface front lies to the south of this iso-θe dense zone.
The convective cloud zone and heavy rainfall zone are
also located ahead of the mei-yu front and their orien-
tations coincide with the mei-yu front. And the pos-
itive vorticity zone and moisture convergence zone in
the lower troposphere also overlap with the convective
zone and heavy rainfall region. However, the frontal
zone in the lower troposphere is neutrally or weakly
convectively instable and all convection happens over
the instable area.

2.3 Characteristics of the vertical structure of
the mei-yu front

Figure 4a describes the cross section of the equiva-
lent potential temperature and specific humidity along
116◦E which crosses the mei-yu front during a typ-
ical mei-yu period (the definition is from Jiang and
Ni, 2003). There are two iso-θe dense zones with a
strong horizontal gradient of θe. In 27◦–32◦N, the iso-
θe dense area extends to 700 hPa from the surface. It
is the mei-yu frontal zone in the mid and lower levels.
Above it, there is a frontal zone extending to 300–400
hPa which is a sub-iso-θe dense area with a weaker
horizontal gradient than that below 700 hPa, referred
to as the upper-level frontal zone of the mei-yu front.
Along the whole frontal zone, the equivalent potential
temperature isogram, namely the iso-θe is steep. This
means that the air is neutrally or weakly convectively
instable. As to the specific humidity, there is a mois-
ture ridge on the south of the front from the surface
to 400 hPa. Hence it means that there exists a strong
moisture horizontal gradient between the north and
south sides of the mei-yu front. However, in the area
to the south of the mei-yu front, that is, from 20◦N
to 25◦N, there is another iso-θe dense area which is

referred to as a subtropical front by some researchers
(Yang et al., 1998; Zhou, 2002).

From the streamline analysis shown in Fig. 4b, it is
found that there is an identical southerly over the area
on the south of the front below 600–700 hPa with the
jet stream center at 900 hPa, 25◦N (Fig. 4c). But the
northward moving warm and moist air ascends along
the mei-yu front and extends to 200 hPa, then it moves
southward along the upper environment southerly and
subsides at 25◦N and entrains the southerly below 600
hPa, resulting in the generation of a strong secondary
circulation. Since the subsidence of the air stream
brings comparatively cold and dry air, a low equivalent
potential temperature center is formed at 18◦N, 600–
700 hPa. The strongest ascending motion lies on the
north of the strongest instable area, and the adjoint
secondary circulation is just over the instable area. At
the same time, we notice that, behind the mei-yu front,
the wind identically flows southward. This correspons
to a migrating synoptic scale trough to the north of
the mei-yu front (not shown), which transports cold
and dry air to the mei-yu front so as to maintain the
cold air intensity on the north of the mei-yu front. The
above structure characteristics are the vertical struc-
ture of the typical mei-yu front and its interaction with
the synoptic system to the north of the mei-yu front
and the convective system ahead of the mei-yu front.

The meridional and latitudinal winds along 116◦E
(shown in Fig. 4c) show that the upper-level jet stream
lies at 200 hPa over the area to the north of the mei-yu
frontal zone, and a strong low-level jet stream with its
center located about 3◦–4◦ latitude to the south of the
front lies at 900 hPa. Horizontal wind shear exists in
the lower troposphere and planetary boundary layer
but it is rather weak. And the vertical wind shear
within the mei-yu frontal zone is also weak.

The vorticity and divergence distribution along the
same section are presented in Fig. 4d. There is a
positive vorticity column to the south of the mei-yu
frontal zone. It extends from the surface to 400 hPa.
Above it, there exists a negative vorticity area extend-
ing to 100 hPa. This positive vorticity column is in
accordance with a lower convergence area extending
to 600–700 hPa, and tilting a bit southward. Above
the convergence area, there is a divergence area with
the strongest divergence center at 200 hPa. However
it is also shown that only in the mei-yu frontal zone
and the area on the south of the front, is there a con-
vergence area in the lower and a divergence area in
the upper. Such a pattern is favorable for convection
development and it is consistent with the results from
previous studies (e.g., Zhang et al., 2002; Tao et al.,
2001).



NO. 5 JIANG AND NI 807

 

a b

 

 

dc 

 

Fig.4. The pressure-latitude cross sections along 116oE during a typical Meiyu period 

(a) equivalent potential temperature (solid line, unit in K) and specific humidity (dashed line, unit in g/kg) 

(b) equivalent potential temperature (dashed line, unit in K) and v-w (w is amplified 10 times, unit in m/s, the two thick 

dark line is corresponding to the Meiyu frontal zone, the upper-level frontal zone is presented in the thick dark dashed 

line) 

(c) latitude wind (solid and dashed line, unit in m/s) and longitude wind (shaded, unit in m/s) 

(d) vorticity (solid and dashed line, unit in 10-5m/s) and divergence (shaded, unit in 10-5m/s) 
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Fig. 4. The pressure-latitude cross sections along 116◦E during a typical mei-yu period. (a) Equivalent potential
temperature (solid line, units: K) and specific humidity (dashed line, units: g kg−1). (b) Equivalent potential
temperature (dashed line, units: K) and v − w (w is amplified 10 times, units: m s−1, the two thick dark lines
correspond to the mei-yu frontal zone, and the upper-level frontal zone is represented by the thick dark dashed
line). (c) Latitude wind (solid and dashed line, units: m s−1) and longitude wind (shaded, units: m s−1). (d)
Vorticity (solid and dashed line, units: 10−5 s−1) and divergence (shaded, units: 10−5 s−1).

It is noteworthy that the low level of the mei-yu
frontal zone below 850 hPa and the upper level frontal
zone above 650 hPa both correspond to negative vor-
ticity areas, while between 850 hPa and 650 hPa, there
is a positive vorticity area. It is interesting that this
positive vorticity area is connected with the positive
vorticity column in front of the mei-yu front and the
positive vorticity area behind the frontal zone. How-
ever, both the mei-yu front and the upper-level frontal
zone are in the weak convergence areas. This is one of
the most important dynamical features for the mei-yu
front.

In the light of the above, the vertical structure of
the mei-yu front is as follows.

(1) The mei-yu front and the upper-level frontal
zone occupy the dense zone of the equivalent potential
temperature isogram with a strong horizontal gradi-

ent. The slope of the front is steep near the surface.
The front extends to 600–700 hPa while its upper-level
frontal zone extends to 300 hPa. The vertical wind
shear is weak in the frontal zone.

(2) There is a moist, convectively instable area ex-
tending to 600 hPa located about 3◦–4◦ latitude to
the south of the mei-yu front. In the area between
the instable area and the mei-yu frontal zone, there
exists a strong ascending motion extending to 200 hPa
associated with an adjoint secondary circulation.

(3) Below 600–700 hPa, there is a strong southerly
with the strongest center at 900 hPa on the south of
the mei-yu front, which is just the low-level jet stream.
It is the conveyor belt of moisture. But, the wind ex-
actly flows southward behind the front.

(4) One of the important dynamical features of the
mei-yu front’s structure is that the low level of the
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mei-yu front below 850 hPa and the upper-level frontal
zone above 650 hPa both correspond to negative vor-
ticity areas, while between 850 hPa and 650 hPa, there
is a positive vorticity area. This positive vorticity area
is connected with the mesoscale positive vorticity col-
umn in front of the mei-yu front and the positive vor-
ticity area behind the frontal zone.

(5) In the mid and upper troposphere, there exists
a sustaining system associated with a migrating syn-
optic scale trough to the north of the mei-yu frontal
zone, which transports cold and dry air to the mei-yu
front so as to maintain the cold air intensity on the
north of the mei-yu front.

Therefore the mei-yu front is not an isolated front
but a frontal system which consists of an iso-θe

dense zone with a great horizontal gradient, a deep-
convective cloud tower zone, a passageway transport-
ing warm and moist air flow northward from the sum-
mer monsoon surge in the mid and lower levels and
a migrating synoptic scale trough to the north of the
mei-yu front which transports cold and dry air south-
ward in the mid- and upper-levels. This has been con-
firmed by vertical section of the cloud on 21 July 1998
from the TRMM satellite images (Cheng, 1999) and
the simulation done by Wang and Li (2002).

3. Development and maintenance mechanism
of the mei-yu front

Ninomiya and Muraki (1986), Ding (1991), and Ni-
nomiya (1999) stressed that, in essence, the mei-yu
front zone exhibits a quasi-stationary nature expect for
its jumping northward period. As mentioned above,
the mei-yu front is not an isolated system. Satellite
cloud images indicate complicated variations of the
mei-yu front cloud zone even in the quasi-stationary
period. These variations occur in association with the
development and passage of synoptic disturbances in
the vicinity of and within the frontal zone (Ninomiya,
2001). In fact, the quasi-stationary nature of the mei-
yu front can maintain itself for a period longer than
several days. Therefore the maintenance mechanism
should be discussed further in this section. Ninomiya
(2000) suggested that the large-scale confluence in the
frontal zone and strong condensation heating are cru-
cial factors to sustain the strong gradient of θe. Chen
et al. (1998) and Wang et al. (2002) both emphasized
the importance of latent heat release to the mei-yu
frontogensis. Then as to our case, what is the mainte-
nance mechanism?

In the initial period of the mei-yu front, the cold
front moves southward slowly (not shown), and the θe

horizontal gradient in the iso-θe dense area is not very
strong. And the slope of the front is displayed a little
southward. In this case, the northward-moving warm
and moist air in the low levels piles up on the south of

the front because of the blocking of the cold front. As
a result, a warm and moist air heap is formed on the
south of the front. The heap leads to the formation of
a convectively instable area located at 22◦–30◦N and
results in the development of convection and strong
convergent ascending motion. The warm and moist air
rises up along the mei-yu front because of the convec-
tive instability over the instable area, and it condenses
and releases a great amount of latent heat.

The fact that the mei-yu frontal zone is located
along the northwestern hem of the Pacific anticyclone
suggests a frontogenesis in the periphery of the anti-
cyclone (Ninomiya, 1984). Here, we will analyze the
convergence term and deformation term of the fronto-
genesis function.

The frontogenesis FG is expressed by

FG ≡ d |∇θe|
dt

= FG1 + FG2 + FG3 + FG4 ,

where

FG1 =
1

|∇θe|

[
(∇θe · ∇)

dθe

dt

]
,

FG2 = −1
2
· 1
|∇θe|

· (∇θe)
2
D ,

FG3 = −1
2
· 1
|∇θe|

·

{[(
∂θe

∂x

)2

−
(

∂θe

∂y

)2
]

A

+2
∂θe

∂x
· ∂θe

∂y
·B

}
,

FG4 = − 1
|∇θe|

· ∂θe

∂p
·
(

∂θe

∂x
· ∂ω

∂x
+

∂θe

∂y
· ∂ω

∂y

)
,

and D is divergence while A ≡ ∂u/∂x − ∂v/∂y and
B ≡ ∂v/∂x + ∂u/∂y are deformations. Here we ana-
lyze the FG2 and FG3 terms during the typical mei-yu
front process.

As we can see from Fig. 5a, the sum of the conver-
gence term and deformation term of the frontogenesis
function at 700 hPa accords well with the mei-yu front.
It extends from southern China to southern Japan, in
good accordance with the divergence of the water flux.
Then in the cross section of the convergence term (Fig.
5b) and the deformation term (Fig. 5c) along 116◦E,
we can see that the convergence term mainly takes
effect under 800 hPa, while the deformation term is ef-
fective in the lower and mid troposphere. On the other
hand, the air mixes between the lower and upper levels
because of the strong convection in front of the mei-
yu frontal zone. Therefore, the equivalent potential
temperature isogram is steeper and leads to greater
moisture contrast between both sides of the front and
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Fig. 5. During a typical mei-yu period. (a) The sum of
the convergence term and deformation term of the fron-
togenesis function at 700 hPa. (b) The pressure-latitude
cross section of the convergence term along 116◦E. (c)
The pressure-latitude cross section of the deformation term
along 116◦E (units: 10−10 K m−1 s−1).

induces strong frontogenesis. This result is also con-
sistent with the moist potential vorticity and slantwise

vorticity development theory (Wu et al., 1995). Ac-
cording to this theory, if the moist isentropic surface
is more slanted, enhancement of the vertical shear of
horizontal wind or moist baroclinity can result in the
increase of vertical vorticity.

Hence, when the cold front moves southward
slowly, the positive feedback process between the
moist physical process enhancing frontogenesis in the
mesoscale system to the south of the mei-yu front and
the development of this strong convective system play
a crucial role in the initial development of the Mei-yu
front.

When the cold front stands by and becomes quasi-
stationary (as shown in Fig. 4b), a typical mei-yu front
is formed. The strong convective system in front of the
mei-yu front is at its mature stage. The ascending mo-
tion transports much warm and moist air from lower to
upper levels. As a result, the moisture condenses and
releases more latent heat. It strengthens the contrast
of warm and cold, dry and wet on both sides of the
frontal zone in the mid and upper levels. Through this
process, the mei-yu front can maintain itself for a long
time. Therefore the moist physical process in front of
the mei-yu front is an important condition for the de-
velopment and maintenance of the mei-yu front. It is
a positive feedback between the mei-yu front and the
adjoint mesoscale convective system. As mentioned
above, the migrating trough transports cold and dry
air to the north of the mei-yu front and results in the
maintenance of the cold air intensity. As can be seen
from Fig. 6, there is positive vorticity advection from
the northeast of China to the mei-yu front at 500 hPa.
Thus the positive vorticity advection from the rear of
the mei-yu front plays an important role in the devel-
opment and maintenance of the mei-yu front.

It should be especially pointed out, from Fig. 4d,
that there exists a mesoscale positive vorticity column
extending from the surface to 380 hPa, and a negative
vorticity area above it in front of the mei-yu front.
Obviously, it is a mesoscale convective system located
in front of the mei-yu front. However, in the mei-yu
frontal zone, there are two negative vorticity areas over
the areas above 650 hPa and below 850 hPa and there
is a positive vorticity area between 650 hPa and 850
hPa. These seem to form a passageway to connect the
mesoscale positive vorticity column in front of the mei-
yu front with the positive vorticity area in the mid and
upper levels behind the mei-yu front resulting in the
advection of positive vorticity to the mesoscale vortex
column in front of the mei-yu front (as shown in Figs.
4d and 4b). Why is there a passageway which directly
transports the positive vorticity to the mesoscale posi-
tive vorticity column in front of the mei-yu front from
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Fig. 6. The vorticity advection at 500 hPa during a typical mei-yu period
(units: 10−10 s−2).

the positive vorticity area to the north of the mei-yu
front in the mid and upper levels? At first, from Figs.
4b and 4d, it can be found that the direction of the
positive vorticity gradient is reversed with respect to
the direction of the subsiding branch from the sec-
ondary circulation in the rear of the mei-yu front, but
the direction of −∇ς coincides with this latter direc-
tion, −∇ς is the gradient of vorticity. Therefore, the
direction of the positive vorticity advection −V · ∇ς
is just consistent with the subsiding branch from the
secondary circulation in the rear of the mei-yu front.
As a result, it generates strong positive vorticity ad-
vection transporting positive vorticity toward the mid
and lower levels of the mei-yu frontal zone. However,
it can also be seen that there exist a strong negative
vorticity area in the mid and upper levels of the mei-
yu frontal zone and a weak negative vorticity area in
the mid and lower levels. In this case, the passageway
connecting the mesoscale positive vorticity column in
front of the mei-yu front with the positive vorticity
area behind the mei-yu front is easily formed through
the strong positive vorticity advection. Besides, the
transport of the divergence is similar to that above, as
can be seen from Figs. 4d and 4b. This result shows
that the migrating synoptic scale trough in the mid
and upper levels which is to the north of the front,
not only maintains the mei-yu front via southward
transport of cold and dry air but also strengthens the
mesoscale convective system front of the mei-yu front

via positive vorticity advection. Therefore, the moist
physical process of the strong convective system ahead
of the mei-yu front and the migrating synoptic scale
trough with the in the mid and upper levels to the
north of the front both play a vital role in the main-
tenance of the mei-yu front.

In conclusion of the above, the mechanisms of the
development and maintenance of the mei-yu front are
summarized as follows.

First, warm and moist air from the monsoon surge
in low levels piles up to the south of the slowly
southward-moving front, and generates a warm and
moist air heap. This air heap with a large-valued cen-
ter of θe leads to the generation of convective insta-
bility in front of the mei-yu front and results in con-
vection development. Then the moist physical process
in front of the mei-yu front enhances the frontogenesis
and strong ascending motion. Therefore the positive
feedback between the moist physical process enhanc-
ing frontogenesis in the strong convective system to
the south of the mei-yu front and the development of
this strong convective system plays an important role
in the initial development of the mei-yu front.

Secondly, the migrating trough to the north of the
mei-yu front in the mid and upper troposphere induces
cold and dry air to the rear of the mei-yu front and re-
sults in the enhancement of cold and dry air intensity
on the north of the mei-yu front. At the same time,
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Fig. 7. A conceptual model of the development and maintenance mechanism of the mei-yu front.

the migrating trough transports strong positive vor-
ticity to the mesoscale positive vorticity column in
front of the mei-yu front through the positive vortic-
ity advection. As a result, the positive vorticity of
the mesoscale convective system in front of the mei-yu
front is further enhanced. Therefore, the combined ef-
fect of the migrating synoptic scale trough and the in-
teraction between the mei-yu front and the mesoscale
convective system ahead of the mei-yu front play a vi-
tal role in the development and maintenance of the

mei-yu front.
To summarize the above further, a conceptual

model of the development and maintenance mecha-
nism of the mei-yu front is shown in Fig. 7.

4. Summary and discussions

A typical mei-yu front process occurred in the mid-
dle and lower reaches of the Yangtze River from June
12 to 15 in 1998. The process of this event is diagnosed
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and analyzed in this paper. The main conclusions are
summarized as follows.

(1) The horizontal structure of the mei-yu front in
the lower troposphere is that the mei-yu frontal zone
occupies a strong iso-θe dense zone and the surface
front is along the south edge of this iso-θe dense zone.
However, there exist a convective cloud band, a heavy
rainfall zone, a positive vorticity zone, a moisture con-
vergence zone, and a strong ascending motion zone to
the south of the mei-yu front, and their orientations
basically coincide with the mei-yu front. On the other
hand, the frontal zone in the lower troposphere is neu-
trally or weakly convectively instable and all convec-
tion happens over the instable area. And the horizon-
tal wind shear is rather weak.

(2) The three dimensional structure of the mei-
yu front shows it to be a mei-yu front system which
consists of an iso-θe dense zone, a deep-convective
cloud tower band, a passageway transporting warm
and moist air northward in the low and mid levels from
the summer monsoon surge on the south of the mei-
yu front, and a sustaining system which is a migrating
synoptic scale trough to the north of the mei-yu front
transporting cold and dry air southward to the mei-yu
front in the mid and upper levels.

(3) The development and maintenance of the mei-
yu front are realized through two mechanisms: one is
the positive feedback between the moist physical pro-
cess enhancing frontogenesis in the strong convective
system on the south of the mei-yu front and the de-
velopment of this strong convective system; the other
is the sustaining system which is the migrating syn-
optic scale trough to the north of the mei-yu front,
transporting and supplementing cold and dry air to
the mei-yu front and positive vorticity to the mesoscale
positive vorticity column in front of the mei-yu front.
Therefore, the interaction of the migrating synoptic
scale trough, the mei-yu front, and the mesoscale con-
vective system in front of the mei-yu front plays an
important role in the development and maintenance
of the mei-yu front. In particular, during the initial
period of the mei-yu front, the first mechanism is dom-
inant, while in the mature stage, both mechanisms are
important for the development and maintenance of the
mei-yu front.
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