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Abstract

The rainy season from June to July in the East Asia is called as the Changma in Korea,
the Meiyu in China, or the Baiu in Japan. The mesoscale convective systems which oc-
cur near a front frequently lead to severe weather phenomenon such as localized gust
and heavy rainfall. An intensive field experiment was conducted at Chujado (33.95◦ N,5

126.28◦ E) to characterize the precipitating system and the size distribution during a
Changma period between 21 June 2007 and 11 July 2007. The precipitation system
caused heavy rainfalls in Chujado for 20 h and three identified rainfall cases were an-
alyzed using the Doppler radar data, disdrometer data, NCEP/NCAR reanalysis data,
and sounding data Based on the radar reflectivity at Chujado, each rainfall system10

maintained for 7 h, 4 h, and 9 h, respectively. The analysis with the total vertical wind
shear (TVWS) and the directional vertical wind shear (DVWS) shows that the tempera-
ture gradient was the strongest near the surface. Both warm and cold advections were
occurred in all cases. The deep warm advection turns out to cause the longer rain-
fall lifetime and stronger rainrate but smaller raindrop size. The unstable atmospheric15

condition, which has cold advection at the surface and warm advection in higher level,
causes the larger size diameter of raindrop.

1 Introduction

The rainy season from June to July over the East Asia is referred to the Changma in
Korea, the Meiyu in China, and the Baiu in Japan. During this period the rainfall area20

elongated from west to east is called the Meiyu-Baiu front or the Changma front. The
mesoscale convective system occurred near the front frequently lead to severe weather
such as localized gust and heavy rainfall. There have been studies on the frontal heavy
precipitation events which sometimes accompany strong wind gusts near those areas
(Matsumoto et al., 1971a, b; Akiyama, 1973). The formation of frontal systems is25

influenced by the moisture transport and convergence of the air mass around the South
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China Sea (Ninomiya, 1978; Ninomiya and Akiyama, 1992; Lee et al., 1998; Ding and
Johnny, 2005).

Several field experiments have been carried out in the East Asia by various organiza-
tions of the country at various locations over the region to clarify the structure and evo-
lution of these frontal precipitation systems. In Japan, observation studies of Doppler5

radars were carried out in Okinawa (1987), Kyushu Island (1988), and Kyushu Island
and over the East China Sea (1998–2002) (Ishihara et al., 1992, 1995; Takahashi et
al., 1996; Yoshizaki et al., 2000). In China, the South China Sea Monsoon Experi-
ment (SCSMEX) was carried out between 1996 and 2001 (Lau et al., 2000; Ding et al.,
2004). The purpose of these experiments is to understand the mesoscale feature of10

frontal systems formed in the East Asia (Moteki et al., 2004). In Taiwan TAMEX (Tai-
wan Area Mesoscale Experiments) was carried out around Taiwan in 1987 (Lin et al.,
1991; Ray et al., 1991; Teng et al., 2000). In Korea, the KORMEX (Korean Mesoscale
Experiment) was carried out in the middle of Korean peninsula in 1997 and 1998 (Oh
et al., 1997) and the KEOP (Korean Enhanced Observing Program) was carried out in15

the southern part of Korean peninsula from 2001 to present (Choi and Nam, 2006).
These observational studies are very important especially in Korean peninsula be-

cause more than half of annual precipitation over the Korean peninsula is occurred
during the summer and a Changma front accompanies a belt-like peak rainfall zone
which are developed in the convergence zone between the tropical maritime and con-20

tinental air mass (Oh et al., 1997). Some heavy rainfall in Korea is developed by
mesoscale disturbances in China and then propagates toward East along the frontal
system. There have been also many studies on the synoptic conditions of this heavy
rainfall (Kim et al., 1983; Lee et al., 1998). However, the observational studies are
focused on the mesoscale features of Changma front and its background field at the25

southern part of the Korean peninsula has been rarely studied. There are few studies
on finding out the features of the drop size distributions (DSDs) respect to the rainfall
systems of Changma front. Therefore, in order to find out the mesoscale characteristics
of the precipitations and the associated drop size distributions of Changma front, the

1525

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/6/1523/2009/hessd-6-1523-2009-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/6/1523/2009/hessd-6-1523-2009-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
6, 1523–1550, 2009

Characteristics of
Changma front at
Chujado in Korea

C.-H. You et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Global Research Laboratory (GRL) of Korean Ministry of Education, Science & Tech-
nology had set an intensive observation period (here after IOP) at Chujado (33.95◦ N,
126.28◦ E) between 21 June 2007 and 11 July 2007. We identified three separated
rainfall systems as the Changma front passes Chujadoa and we analyzed each of
them5

Section 2 briefly describes the field experiment setup and the methods used for the
case analysis. They include the dual Doppler analysis method for kinematic features,
directional (total) vertical wind shear for advection (temperature gradient), and the drop
size distributions. The synoptic condition and the characteristics of each system are
examined in Sect. 3 and summaries and conclusions are presented in Sect. 4.10

2 Experiment setup and methods

Several meteorological instruments were installed at Chujado during field observations.
The rain gages collected rainfall every 1 min and radiosonde was launched every 6 h.
The Precipitation Occurrence Sensor Systems (POSS) was installed to find out micro-
physical features of the rainfall system. The surface weather chart, S-band Doppler15

radars and enhanced IR satellite images from MTSAT were deployed. Global reanal-
ysis data from NCEP/NCAR were obtained for the synoptic weather conditions of the
system. This reanalysis data are composed of 2.5◦×2.5◦ grids with 17 vertical lev-
els from 1000 hPa to 10 hPa every 6 h. Observation network covers the southwest-
ern coast of the Korean peninsula and the northern part of the East China Sea with20

3 Doppler radars, upper-air soundings (Fig. 1).
To observe the kinematic characteristics of the Changma front dual Doppler radar

analysis was carried out using radars at Gosan (33◦17 N 126◦09 E) and Seongsan
(33◦23 N 126◦52 E). Those data were interpolated to Cartesian grids using the Sorted
Position Radar Interpolation (SPRINT) software (NCAR, 1999) and the Custom Editing25

and Display of Reduced Information in Cartesian Space (CEDRIC) software package
(Miller and Fredrick, 1998). The horizontal and vertical grid resolution was 1.0 and
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0.5 km, respectively. Particle fall speeds were estimated from the reflectivity (Bigger-
staff and Houze, 1991) and vertical velocity was computed from an elastic equations of
continuity (O’Brien, 1970). Three components of wind were estimated by dual Doppler
analysis using equations presented by Armijo (1969), and Ray et al. (1978 and 1980).

In order to understand the strength of temperature gradient and warm (or cold) ad-5

vection the total vertical wind shear (here after, TVWS) and directional vertical wind
shear (here after, DVWS) were calculated by radiosonde data (Neiman, 2003). The
temperature gradient and the advection are approximated from geostrophic thermal
wind equation on the isobaric layer (Holton, 1979). If the geostrophic vertical wind
shear is assumed to be realistic, the temperature gradient and the advection can be10

calculated from the Eqs. (1) and (2). It means that the TVWS is proportional to the
strength of the temperature gradient and the positive (negative) DVWS is related to the
warm (cold) advection.∣∣∣∣dV
dz

∣∣∣∣ ≡
√

(
du
dz

)2 + (
dv
dz

)2, (1)

dD
dz

≡ −(u
dv
dz

− v
du
dz

) (2)15

where, V=uî+vĵ , ū=(u(k+1)+u(k−1))/2v̄ = (v(k+1)+v(k−1))/2, k is the vertical layer
and dz is 500 m in this study.

The rain drop size distribution is calculated using the gamma distribution using 3rd,
4th, 6th moments as in Eq. (3) (Ulbrich, 1983; Kozu and Nakamura, 1991):

N(D) = N0D
m exp(−ΛD) (3)20

where, N, D, m, and Λ represent intercept, diameter of rain drop, shape, and slope,
respectively. The DSDs were obtained from POSS which has 34 channels between
0.34 mm and 5.34 mm.
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Daily rainfall amount was distributed from 8.6 mm to 92.2 mm. Among these dates,
rainfall systems on 5th and 6th July were selected because of its significant rainfall
amount and different movement direction.

The rainfall at Chujado was caused by Changma and the presence of strong low
pressure (Fig. 2). The rainfall system in the period had different direction of movement5

before and after passing through Chujado and there is a short break between each sys-
tem. The vertical profile of temporal reflectivity at Chujado area was calculated from
Gosan S-band weather radar (Fig. 3). Three different rainfall systems were catego-
rized using animated Gosan radar data as follows (not shown here) i.e., (1) the case 1
occurs in 18:00 LT 5 July to 01:00 LT 6 July; (2) the case 2 occurs in 01:00 05:00 LT 610

July, and (3) the case 3 occurs in 05:00 14:00 LT 6 July. The sounding measurement
analysis time is denoted as the case number through the analysis. In case 1, rainfall
system moved from north-west to south-east. After very short break, another rainfall
system (case 2) became weaker and moved to almost east. After short break again, it
originated in the west or north-west of Chujado and moved to the north-east (case 3).15

3 Results

Enhanced IR images from MTSAT-1R show that the convective cells were located at the
south-western of Chujado and moved to north-eastward and south-eastward (Fig. 4).
At 23:00 LT 5 July (case 1), rainfall system was located at Chujado and Jeju island. At
01:00 LT 6 July (case 2), there is no rainfall system over Chujado area but convective20

cells are located at the western part of Chujado. After 11:00 LT 6 July (case 3), there
is no significant convective system around Chujado.

The surface weather map shows that southerly wind appears in Chujado area due
to the low pressure located at the western part of Jejudo (Fig. 5a). There is conver-
gence over Korean peninsular. In the 850 hPa level, a strong wind higher than 15 ms−1

25

appears over the whole southern part of Korea (Fig. 5b). The equivalent potential
temperature gradient is about 12◦ K in the south-western part of Jejudo. The analy-
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sis area is covered with weak positive relative vorticity and the westerly wind is over
15 ms−1 (Fig. 5c). Strong vertical wind shear would occur since westerly wind in upper
atmosphere and south-westerly at surface level. Upper level jet passed through Ko-
rean peninsula and geopotential height at Chujado is between 9659 and 9700 (gpm)
(Fig. 5d).5

The air mass in the troposphere is very humid and there is strong wind shear
in the boundary layer below 2 km though out the period. The wind speed became
stronger with height reaching 20 ms−1 at 4 km. The Lifted Condensation Level (LCL)
was 935 hPa and the K-Index value which measure was 36 (Fig. 6a). At 03:00 LT 6
July, the wind veered from north-easterly to westerly or north-westerly below 4 km and10

the wind speed was constant below 1 km and became stronger from 1 km to 3 km with
height. The LCL was 927 hPa and the value of K-Index was 40 (Fig. 6b). In case 3, the
wind speed at the surface was around 10 ms−1 and increased with height below 2 km.
All the layers below 10 km in height were humid with relative humidity larger than 80%
and the radio sonde moved up and down in the height of 4∼6 km because of the strong15

downdraft. The LCL was 951 hPa and the value of K-Index was 36 (Fig. 6c).
Figure 7 shows the TVWS and DVWS obtained from radio sondes for case 1, 2, and

case 3 (at 21:00 LT on 5 July, 03:00 LT, and on 6 July, 09:00 LT). The TVWS is highest at
the lower level and decreased by height through the period The high TVWS at case 2
(03:00 LT 6 July) is due to the presence of the lower level jet. The DVWSs were20

−3.3 degrees/km, 68.2 degrees/km, −40.1 degrees/km, and 41.2 degrees/km at 1 km,
2 km, 3 km and 4 km, respectively. It means that the cold (warm) advection appeared
at 1 km and 3 km (2 km and higher than 4 km). In case 2 (at 03:00 LT 6 July) the
DVWS was 20.9 degrees/km at 1 km −11.2 degrees/km at 2 km, and 186.9 degrees/km
at 3 km. It means that the warm (cold) advection dominated at the height of 1 km,25

3 km, 4 km and 5 km (2 km and 6 km). In case 3 (at 6 July, 09:00 LT), the DVWS was
108.2 degrees/km at the height of 1 km and the positive DVWS dominated in the whole
layer which means the warm advection was significant at all layers.

Dual Doppler analysis using Gosan and Seongsan S-band Doppler weather radars

1529
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were deployed to understand the general kinematic characteristics of each rainfall sys-
tem. In case 1 (at 23:00 LT), horizontal convergence occurred in the western part of
Chujado. The rainfall system moves into the north-eastern part (Fig. 8a). In the range
of 10 to 30 km of the cross section A-A’ in Fig. 8a, both strong updraft and downdraft
greater than ±10 ms−1 appear next to each other (Fig. 8b). The echo top of 30 dBZ5

reaches to nearly 6 km and the strong south-westerly winds peak is about 30 ms−1

(Fig. 8c). The convergence are from 10 to 30 (×10−4 s−1) and horizontal vorticity is
20 (×10−4 s−1) within 20 km from “A” point (Fig. 8d). The updraft, convergence, and
horizontal vorticity near Chujado were around 5 ms−1, 10 (×10−4 s−1), and 5 to 15
(×10−4 s−1), respectively.10

In case 2, the precipitation system with relatively weaker intensity and wind speed
than at case 1 moved into the east (Fig. 9a). The downdraft less than 4 ms−1 was
dominated within 20 km from A as shown in Fig. 9b. The echo top of 30 dBZ was
located around 4 km and the wind direction with height was almost constant (Fig. 9c).
The convergence was not significant and horizontal vorticity was 15 (×10−4s−1) within15

the range of 20 km from “A” (Fig. 9d). The updraft and horizontal vorticity near Chujado
were around 3 ms−1 and −1 to 15 (×10−4 s−1), respectively.

In case 3, rainfall system moves to the east or north-eastward and strong wind speed
reaches greater than 15 ms−1 (Fig. 10a). The downdraft and updraft with 4 to 6 ms−1

occurrs in the range between 40 and 60 km from “A” and 30 dBZ echo top exists around20

6 km in height (Fig. 10b). In Fig. 10c, south-westerly winds flowed at the surface and
higher north-westerly winds than 15 ms−1 flowed at the range of 40 km from “A”. The
convergence with 10 (×10−4 s−1) occurrs near the 3 km in the range between 40 and
60 km from “A” (Fig. 10d). The updraft, convergence, and horizontal vorticity near
Chujado were around 3 ms−1, 10 (×10−4 s−1), and −10 to 5 (×10−4 s−1), respectively.25

Figure 11 shows that the time series of rainrate and number concentration with size.
The maximum rainrates for one minute of each case are 113.6, 18.1 and 224.3 mmh−1,
respectively. The drop numbers of rain drop less than or equal to 2 mm and larger than
2 mm are very different with cases. Figure 12 shows that the averaged DSDs obtained
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from a POSS disdrometer and gamma model for 402, 171, and 485 min, respectively.
The mean rainrate of each case was 6.14, 2.92, and 9.44 mm h−1. In all cases, the
shape of DSDs has the exponential fitting except for smaller drop sizes.

However, there is significant difference of number concentrations before and after
2 mm drop in diameter between case 1 and case 3. The drops smaller than 2 mm in5

diameter were contributed to case 3 and larger ones than 2 mm were contributed to
case 1. This tendency is also shown in Fig. 12b. It is considered in simple sense that
rain drops in case 1 would be affected by coalescence which decreases the numbers of
small size drops and increase those of the larger drops. The DSDs in case 3 would be
affected by break-up which increases the numbers of small size drops and decreases10

the numbers of large size drops. The shapes of each case are 2.14, 2.79, and 0.8,
respectively. This means that measured DSDs from gamma model were different from
observed ones especially in smaller size since the smallest drop numbers in the ob-
servation are more numbers than those of next bin size. In case 3, the empirical power
law distribution reasonably agrees with the observation. The slopes are 3.72, 4.13,15

and 3.81 and the intercepts are 12 469, 8679, and 38 248, respectively. Parameters of
each gamma fitting are summarized in Table 1.

4 Summary and conclusions

To understand characteristics of precipitation system accompanied with Changma
front, three rainfall cases within one precipitation system were identified and analyzed20

by using rain gauge data, radio sonde data, POSS, weather radar and NCEP/NCAR re-
analysis data. The schematic view of precipitation system accompanied by Changma
front from 5 to 6 July in 2007 is shown in Fig. 13. These three rainfall cases caused
by one precipitation system in a view of synoptic scale but we found out that there are
different structures as follows;25

1. Case 1: The wind veered with height from south-easterly to westerly under 2 km in
height and the wind speed became stronger with height below 4 km and stronger
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than 20 ms−1 was appeared at higher layer than 4 km. The LCL (Lifted Conden-
sation Level) was 935 hPa and the value of K-Index was 36. The TVWS was
10.7 m/s/km around 1 km and became weaker than that at 1 km as the altitude
was gradually increased. The DVWS were −3.3 degrees/km, 68.2 degrees/km,
−40.1 degrees/km, and 41.2 degrees/km at 1 km, 2 km, 3 km, and 4 km, respec-5

tively. It means that the cold (warm) advection was appeared at 1 km and 3 km
(2 km and higher than 4 km). The strong updraft and downdraft greater than
10 ms−1 repeatedly occurred in the western side of Chujado and the echo top
higher than 30 dBZ was around 6 km. The convergence was 10 to 30 (×10−4s−1)
and horizontal vorticity was 20 (×10−4s−1) in the western side of Chujado The10

rain drops in the case 1 would be affected by coalescence resulting the decreased
number concentration of small size drops and the increased concentration of the
larger drops.

2. Case 2: The wind direction was changed from north-eastward to west or north-
westward upto 4 km and the wind speed was constant below 1 km and became15

stronger up to 3 km. The LCL was 927 hPa and the value of K-Index was 40.
The TWVS were 19.3 and 13.9 m/s/km at the height of 1 km and 3 km, respec-
tively. The DVWS was 20.9 degrees/km at 1 km, −11.2 degrees/km at 2 km, and
186.9 degrees/km at 3 km. It means that the warm (cold) advection was domi-
nated at the height of 1 km, 3 km, 4 km and 5 km (2 km and 6 km). The downdraft20

less than 4 ms−1 dominated within 20 km in the western side of Chujado. The
echo top higher than 30 dBZ was around 4 km. The convergence around was not
significant and horizontal vorticity was 15 (×10−4s−1) in the range of 40 to 60 km
western part of Chujado.

3. Case 3: The wind speed at the surface was around 10 ms−1 and was getting25

higher until 2 km. All the layers below 10 km were humid and the radiosonde
travelled up and down in the height of 4 ∼ 6 km because of the strong downdraft.
The LCL was at 951 hPa and the value of K-Index was 36. The TVWS was 20.7
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m/s/km around surface and decreased as increase of the height. The DVWS was
108.2 degrees/km at 1 km in height and its positive value dominated in the whole
layer which means the warm advection was significant at all layers. The downdraft
and updraft with 4 to 6 ms−1 occurred in the range between 40 and 60 km in the
western side of Chujado and the echo top height of 30 dBZ was around 6 km.5

The convergence with 10 (×10−4s−1) occurred upto 3 km in the range between 40
and 60 km western part of Chujado. It appears that the drop size distributions are
affected by collisional break-up resulting the increased number concentration of
the small size drops and decreased the number concentrations of the larger size
drops.10

In this study, the deep warm advection was proved to make rainfall system maintained
for longer time and stronger rainrate but smaller size diameter of raindrop was con-
tributed as shown in case 3. The instability, which means the cold advection at the
surface and the warm advection at higher layer, would make larger size diameter of
raindrop contributed to the rainfall system as occurred in case 1. The characteristics of15

mesoscale precipitation system may need further investigated by analyzing the system
for shorter time and focusing on the precipitation appearance like band shape type with
its orientation as it is propagating.
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Table 1. The characteristics of each case obtained from DSDs.

Case 1 Case 2 Case 3

Shape 2.14 2.79 0.8
Slope 3.72 4.13 3.81

Intercept 12 469 8679 38 248
Sample No. 402 171 485
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Fig. 1. The location of Doppler weather radar and radiosonde launched. The circle with 125 km
in radius shows the Doppler radar analysis area.
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Fig. 2. The surface weather chart on 09:00 LT 6 July 2007.
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Fig. 3. The vertical profile of temporal reflectivity with time at Chujado from Gosan weather
radar. Blue shaded boxes show the time radiosondes launched.
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Fig. 4. Enhanced IR images of MTSAT-IR from 23:00 LT 5 July to 11:00 LT 6 July, 2007.
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Fig. 5. (a) Pressure and wind vector at surface, (b) equivalent potential temperature and wind
vector at 850 hPa, (c) relative vorticity and wind vector at 500 hPa, (d) geopotential height and
wind vector at 300 hPa at 03:00 LT 6 July 2007.
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Fig. 6. The vertical profiles of wind speed, wind direction, potential temperature θ, equivalent
potential temperature θe, saturated equivalent potential temperature θs, and relative humidity
from radio sonde.
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Fig. 7. The total vertical wind shear (TVWS, a) and directional vertical wind shear (DVWS, b)
obtained from radio sonde.
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Interactive DiscussionFig. 8. (a) The reflectivity and horizontal wind field at the 3 km CAPPI at 23:00 LT 5 July 2007.
Vertical cross sections along A-A’ (b) vertical velocity and reflectivity (contour), (c) horizontal
wind and reflectivity, and (d) horizontal vorticity and divergence (contour).
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Fig. 9. Same as Fig. 8 but for 03:00 LT 6 July.
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Fig. 11. The time series of rain drop size (left axis) and rainrate (right axis) derived from POSS
(a) case 1, (b) case 2, and (c) case 3. The color scale means number concentration of rain
drop and solid line is rainrate.
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Fig. 12. Averaged DSD from (a) POSS disdrometer and (b) gamma distribution.
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Fig. 13. Schematic diagram of three identified rainfall systems of the observed Changma front.
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