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1. Introduction
In a moist environment as Asian monsoon re-

gion, the relation between environment and types
of rainbands has not been documented well. In
a dry environment as the Great Plains, convec-
tive available potential energy (CAPE) and ver-
tical wind shear are important environmental pa-
rameters for determining formation types of rain-
bands (Bluestein and Jain, 1985; Bluestein and
Marx, 1987). In a moist environment, a humidity
distribution, as well as CAPE and vertical wind
shear, is focussed as an important parameter for
maintenance of supercell (Shimizu et al., 2001). In
this study, we investigate the role of the humid-
ity distribution on the maintenance of convective
cells in a rainband, and propose the environmental
parameters for distinguishing formation types of
rainbands and for determining the rainfall types.

Three distinct types of rainbands with heavy
rainfall were observed near Shanghai in 2001
(CASE1: 24 June, CASE2: 19 June, CASE3: 6
July). We investigated the structures and for-
mation types of three rainbands by dual Doppler
radar analyses and estimated environmental pa-
rameters around the rainbands with Regional ob-
jective analysis (RANAL) data produced by the
Japan Meteorology Agency.

2. Data and analysis method
Two X-band Doppler radars (at Wuxian

and Zhouzhuang, covering the downstream of
the Changjiang river with 64 km in radius) ob-
tained sets of volume scan data of reflectivity and
Doppler velocity every six minutes. We analyzed
three dimensional structure of the rainbands by
using dual Doppler analysis for the overlapped ob-
servation area of the two radars (Fig. 1).

In order to evaluate the environment around
the observation area, we divided the 4◦ × 4◦ re-
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Fig. 1: The observation field around two X-band
Doppler radars at Wuxian and Zhouzhuang. Five
of 2◦×2◦ regions (NW,NE,SW,SE, and CT) indi-
cate analysis regions for estimating environmental
parameters (Table 1) using RANAL.

Table 1: Definitions of six environmental param-
eters estimated by using RANAL data.

:temperature of environment

:temperature of parcel

:specific humidity :saturated specific humidity

:wind vector

:mean wind from surface to 6 km ASL

:height(=2.5 km)

:mean wind from surface to 500 m ASL



gion (depicted in Fig. 1) into four regions (2◦×2◦

quadrants centering at the two radars) named as
NE, NW, SE, SW. We added 2◦×2◦ region named
as CT just over the observation area. We inves-
tigated the each environment in the five regions
using RANAL data.

The time resolution of the RANAL is 6 hours
(02, 08, 14, 20 LST). The horizontal resolution of
the RANAL is 20 km. In the vertical direction,
the RANAL contains 20 levels.

The mean of six environmental parameters (Ta-
ble 1) in the each region are calculated: Vertical
wind shear between mean wind from surface to
at a height of 6 km above sea level (ASL) and
mean wind from surface to 500 m ASL (VWS), the
CAPE, vertical integrated specific humidity from
surface to 850 hPa (VISH), vertical integrated spe-
cific humidity deficit from 850 hPa to 500 hPa
(HUDE), and vertical integrated vapor flux con-
vergence from surface to 850 hPa (VFC). For accu-
rate calculation of these parameters, in this study,
we converted the vertical 20 levels data to 211 lev-
els data (5 hPa interval) by linear interpolation.

The VISH and the HUDE are indices wetness
of lower layer, and for dryness of midlevel layer,
respectively.

3. Characteristics of three rainbands
In order to reveal different types of formation

and rainfall among three rainbands (CASE1: 0400
local standard time (LST)∗ 24 June, CASE2: 0118
LST 19 June, CASE3: 1706 LST 6 July), de-
veloping near Shanghai during Meiyu period in
2001, we investigate radar reflectivity fields of the
three cases at 1.0 km ASL in Fig. 2. The strong
echo over 35 dBZe in CASE1 and CASE2 had line
shape, while that of CASE3 corresponded to dis-
crete convective cells.

In CASE1, strong echo over 30 dBZe to the
south of the rainband developed and merged with
the rainband after 0406 LST. In this way, in
CASE1 and CASE2, a new convective cell de-
veloped continually to the southwest of the rain-
band, and merged with the rainband. On the con-
trary, in CASE3, the discrete convective cells de-
veloped and merged with each other, and formed
the line shape. Rainbands of CASE1 and CASE2
had characteristics of back-building type, a rain-
band of CASE3 had characteristics of broken type
(Bluestein and Jain, 1985).

∗LST = UTC + 8 hours
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Fig. 2: Radar reflectivity overlaid with storm-
relative wind vectors at 1 km ASL of CASE1 (a),
CASE2 (b), and CASE3 (c). Open arrows indi-
cate system propagation speed and the direction.
Squares indicate analysis areas for vertical pro-
files in Fig. 3. Vertical cross sections along A-A’,
B-B’, and C-C’ line are indicated in Fig. 5.
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Fig. 3: Time-height cross sections of the max-
imum reflectivity (a) and the ratio of downdraft
area to the area which has vertical wind velocity
(b) on CASE1.

With regard to flow structure at 1.0 km ASL
(Fig. 2), storm-relative inflow in CASE1, CASE2,
and CASE3 came from east-southeast, south-
southwest, and southeast, respectively.

The mean propagation speed and direction in
CASE1, CASE2, and CASE3, indicated by open
arrow in Fig. 2, were 2.4 m s−1 northeastward,
13.0 m s−1 eastward, and 1.4 m s−1 northwest-
ward, respectively.

In order to characterize the different types of
rainfall, we focussed on lifetime of a convective
cell in the rainbands. Squares in Fig. 2 indicate
analysis areas (6 km × 6 km) for vertical profiles
in Fig. 4. We chased the analysis areas which
contain the updraft core and downdraft core of a
convective cell. We investigated time series of the
maximum reflectivity and the ratio of downdraft
area to the area which has vertical wind within
the analysis areas.

We defined lifetime of convective cell as follow-
ing. The time, when the maximum reflectivity
over 30 dBZe reached at 4 km ASL, is defined as a
start of mature stage of convective cell. The time,
when the downdraft area between 3 km ASL and
4 km ASL have a peak, and the updraft core at
1 km ASL disappear, is defined as an end of dis-
sipating stage. Convective cells of CASE1 were
long-lived (42 minutes: 0330 LST - 0412 LST) in
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Fig. 4: Reflectivity fields overlaid with storm-
relative wind vectors at 4 km ASL in CASE1.
Solid and blue contours indicate updraft and
downdraft velocity, respectively (every 1 m s−1).

Fig. 3, while those of CASE2 and CASE3 were
short-lived (30 minutes: 0106 LST - 0136 LST,
1654 LST - 1724 LST) (not shown). The rain-
band of CASE1 had steady structure, because the
rainband was maintained by the steady convective
cell. On the contrary, the rainbands in CASE2 and
CASE3 are maintained by repeated replacement of
the convective cells.

As depicted in Fig. 3, the lifetime of convective
cell depends on the peak of downdraft around 4
km ASL. We investigate the cause of the strength-
ening of the downdraft at 4 km ASL in Fig. 4
and Fig. 5. The reflectivity overlaid with storm-
relative wind at 4 km ASL, and vertical wind ve-
locity in CASE1 are shown in Fig. 4. The down-
draft core at 4 km ASL located where the south-
westerly wind blew into strong echo core.

In CASE2, the northwesterly and southwest-
erly wind at 4 km ASL blew into strong echo. In
CASE3, the northwesterly wind blew into strong
echo (not shown). The downdraft core in CASE2
and CASE3 also located at the confluence of the
wind and the edge of strong echo.

Vertical cross sections along the A-A’, B-B’, and
C-C’ lines in Fig.2 are shown in Fig. 5. The max-
imum updraft velocity at 4 km ASL in CASE1,
CASE2, and CASE3 was 2.0 m s−1, 14.0 m s−1,
and 5.0 m s−1, respectively. The maximum down-
draft velocity at 4 km ASL in CASE1, CASE2,
and CASE3 was 3.0 m s−1, 12.0 m s−1, and 4.0
m s−1, respectively. The location of downdraft
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Fig. 5: Vertical cross sections along A-A’, B-
B’,and C-C’ lines in Fig. 2 on CASE1 (a), CASE2
(b), and CASE3 (c). Solid and blue contours in-
dicate updraft and downdraft velocity every 1 m
s−1 except for CASE2 (every 3 m s−1), respec-
tively.

core differed from the location of the reflectivity
core in all cases.

The cause of downdraft seems to be mainly due
to evaporative cooling in all cases because the
downdraft core located at the edge of strong echo
region in all cases (Fig. 5). We investigate which
environmental parameters determine the efficiency
of evaporative cooling in next section.

4. Environments of three rainbands
We investigate the environment a few hours

before the development of the three rainbands, in
order to find useful environmental parameters to
distinguish types of rainband before it develops,
and to understand the development mechanism of
rainbands in a moist environment.

The distribution of the CAPE and the CIN of
CASE1 is indicated in Fig. 6. The CIN is dis-
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Fig. 6: The distribution of the CAPE (solid con-
tour) and the CIN(blue contour). The contour
interval is 50 J kg−1 (starting ± 100 J kg−1).
Vectors indicate vapor flux integrated from sur-
face to 850 hPa.

tributed over the ocean, while the CAPE is dis-
tributed over the mountains. Vapor flux vectors
in Fig. 6 indicate that plenty of vapor was sup-
plied from the ocean to the land. The CIN over the
ocean restrained vertical transport of vapor, thus
abundant vapor was horizontally transported from
ocean to the observation area. The mean value of
the VFC in the CT region was over -6.95 × 104 kg
m−1 s−1. This abundant vapor was transported
over the radar site and supplied to the rainband.

The distribution of the HUDE overlaid with
wind at 4 km ASL are shown in Fig. 7. The
moist air (the HUDE was less than 2 kg m−2) ex-
isted over the observation area, while the dry air
existed over the ocean. The wind at 4 km ASL
blew from the very moist SW region.

In order to evaluate the environment quantita-
tively, and to compare three cases, we calculated
the mean value of the six environmental parame-
ters in five regions. We select a region from five
regions by following rules. The mean value of the
CAPE, and the CIN are selected in the region
where the rainband developed. The mean value of
VISH (the HUDE) is selected in the region which
the storm-relative wind at 1 km (4 km) ASL blew
from. The VDF and the VWS are calculated only
in CT region. The values of these parameters are
shown in Table 2. We compare the values of six
environmental parameters of the three cases.

In CASE1, the value of CAPE was the lowest
of the three. This low value of CAPE led to the
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Fig. 7: The distribution of the HUDE and wind
at 4 km ASL. The contour interval is 1 kg m−2.

weakest updraft velocity. Plenty of vapor existed
in lower layer because the VISH had large value,
in addition, an abundant vapor is accumulated
at lower layer because the VFC had the high-
est value. This abundant vapor converted into
abundant rain by updraft. However, because of
the lowest value of the HUDE, the abundant rain
could not evaporate. Therefore, the downdraft ve-
locity in Fig. 5a was the weakest.

In CASE2, the HUDE had the highest value,
and the CAPE had also the highest value. In addi-
tion, the value of VFC was large value. Thus, the
efficiency of evaporative cooling was the largest
because abundant lower vapor was transported to
the driest midlevel layer. Therefore, the down-
draft in CASE2 was the largest in Fig. 5b.

In CASE3, the HUDE and VISH had high value,
however the CAPE and VDF had small value. A
abundant vapor existed in lower layer, however
vertical transportation of rain was so small that
the downdraft was not strong in Fig. 5c.

The evaporatively cooled downdraft strength is
well explained by the HUDE, and the combination
of the CAPE, the VISH, and the VFC. We inves-
tigate the relation of the downdraft strength and
the VWS and lifetime of convective cells.

The mean of the VWS in the CT region is in-
dicated in Table 2. In CASE3, the small value
of VWS led to the short-lived convective cell, be-
cause precipitation forms within the updraft and
produces negative buoyancy that destroys the con-
vection.

In CASE2, the VWS had large value, but the

strong downdraft caused short-lived cells, because
the strong downdraft led to strong low-level out-
flow, it undercuts the warm inflow into the updraft
thereby weakens the convective cell. In CASE1,
the convective cell was long-lived.

We revealed that combination of the six param-
eters determined the downdraft strength and life-
time of convective cells within the rainbands.

5. Discussion
We described the formation and rainfall types

of the rainbands in Section 3, and revealed that
the relation between the characteristics of convec-
tive cells within rainbands and the environment in
Section 4. In this section, we discuss the relation
between the characteristics of the convective cell
and rainfall type of rainbands.

Bluestein and Jain (1985) revealed that high
value of CAPE (mean value: 2090 J kg−1) and
high value of vertical wind shear (mean value:
4.8 × 10−3 s−1, from surface to 6 km ASL) are
suitable condition for the line formation of back-
building type, while high value of CAPE (mean
value: 2820 J kg−1) and low value of vertical
shear(mean value: 3.3 × 10−3 s−1, from surface
to 6 km ASL) lead to the line formation of broken
type.

In this study, when the vertical wind shear was
small such as CASE3, the formation of the rain-
band was broken type, when the vertical wind
shear was large such as CASE1, CASE2, the for-
mation of the rainband was back building type.
However, the value of CAPE in all cases was much
smaller than that of Bluestein and Jain (1985). In
a moist environment, even if CAPE is very small
such as CASE1, the high value of VFC substi-
tutes the CAPE for development of rainbands with
heavy rain.

For the formation of back-building lines in a
moist environment, the large vertical wind shear is
essential condition as well as in a dry environment,
however high value of CAPE is not indispensable
condition. In other words, a strong updraft is
not always necessary element for the formation of
back building type. Instead of the CAPE, the high
value of VFC is an indicator of vertical transporta-
tion of vapor with weak updraft (such as CASE1).
In addition to the CAPE and VWS, we propose
the VFC as useful parameter to distinguish forma-
tion type. The more statistical studies on the for-
mation types of rainbands focusing on the VFC,
CAPE, and VWS would verify our proposition,



and determine the threshold value of the VFC,
CAPE, and VWS.

We need to reveal not only the relation be-
tween the environment and formation types of
rainbands, but also the relation between the en-
vironment and types of rainfall. Because the rain-
bands of CASE1 and CASE2 had same forma-
tion type, however the rainfall types of the two
rainbands were very different. The rainband of
CASE2 caused heavy rainfall and severe down-
burst with fast propagation, while CASE1 caused
steady rainfall and weak downdraft with slow
propagation.

We revealed that the HUDE and the combina-
tion of the VFC, the VISH, and the CAPE deter-
mine the downdraft strength in Section 4. The
combination of the downdraft strength and the
VWS is useful to predict the steadiness and prop-
agation speed of rainbands. This characteristics
of rainbands (steadiness and propagation speed)
determine the rainfall type.

The research on environmental parameters re-
flected in humidity distribution (such as the
HUDE or the VFC) give us strong possibility to
predict rainfall type for preventing disaster and to
understand the development mechanism of rain-
bands in a moist environment.

6. Conclusions
We investigated the humidity distribution for

distinguishing the formation types of rainbands
and rainfall types on three rainbands developing
near Shanghai during Meiyu period in 2001.

We revealed that the dryness of midlevel (the
HUDE) and amount of vapor supplied from lower
layer (the combination of the VFC, the CAPE,

Table 2: Characteristics and schematic models of three rain bands and environmental parameters.
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VISH [kg/m*2]

VFC [kg/(ms) 10*4] 6.95 3.66 1.02

the VISH) decide whether a rainband causes in-
tensive rain for short time or continuous rain for
long time.

For distinguishing the formation types of rain-
bands in a moist environment, as well as the buoy-
ancy and vertical shear, we proposed to focus on
the vapor flux convergence in lower layer.

More case studies and statistically studies on
rainbands in a moist environment with focusing on
humidity distribution would lead to more accurate
prediction of heavy rainfall for preventing disaster,
and a clear understanding of the rainbands in a
moist environment.
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