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Introduction
Mesoscale convective systems (MCSs) are significant rain-producing weather system during 
summer season (Zipser 1982).
Mesoscale convective systems in a moist environment around the East China Sea, which
produces heavy rainfalls to Korean peninsula, Japan, Taiwan and China.

Previous studies,
There were many studies about heavy precipitation system in Baiu/Meiyu season and region 
(Ninomiya, 1978; Ninomiya and Akiyama, 1992; Chen et a.; 2003; Ding and Johnny, 2005).
There were almost studies about favorable synoptic conditions for heavy rainfall in Changma 
season (Lee et al, 1998; Sun and Lee, 2002; Shin and Lee, 2005; Kim and Lee; 2006).
The study about MCSs over Korea is generally insufficient using observational data.
Especially, the studies about MCSs with Changma front accompanied with surface low 
pressure

1. Purpose of this study, 
To investigate the sub-synoptic environment, structure and evolution of Changma front 

with surface low pressure 
2. Purpose of this study, 

To investigate the development mechanisms of two different types of MCSs accompanied 
with Changma front using dual Doppler radar analysis.



Data and Methodology
MTSAT – IR

JMA MANAL (meso-scale analysis)

Upper air sounding

Gwangju (GJ), Gosan (GSN)

Doppler Radar

Gunsan (KSN), Gosan (GSN), Jindo (JNI)
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Radar site KSN GSN JNI

Type (wavelength) S-band(10cm) S-band(10cm) S-band(10cm)

Range (km) 240 250 240

Nyquist Velocity (ms-1) 33 63 31

Number of Elevation 
Angle 15 (0.4°~ 25°) 15 (0.5°~ 24°) 12 (0.2°~ 20°)

Scan interval (min.) 2.5 2.3 2

Location 36.01°N, 
126.79°E

33.29°N, 
126.16°E

34.47°N, 
126.33°E
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Variational analysis using dual Doppler radars (Gao et al., 1999)
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The different types of MCSs

The two different types of MCSs passed and occurred  accompanied with Changma front 
over middle and south part of Korean peninsula.

The two different types of MCSs passed and occurred  accompanied with Changma front 
over middle and south part of Korean peninsula.

System1

System2

Meso-α scale 
(Oranski, 
1975)

Meso-β
scale



Rainfall amount and rainrate

Rainfall amount and maximum rain intensity  
System1: 15 ~ 24 LST 09 July 2007
System2: 22 LST 09 ~ 4 LST 10 July 2007

Gunsan
Rainfall amount : 123 mm/12h
Max. rain intensity : 45 mm/h

Gosan
Rainfall amount : 20 mm/12h
Max. rain intensity : 16 mm/h1��0�90�:��	������� ��	
��	�����	��
��/�����	������

Gunsan
(system 1)

Gosan
(system 2)
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MTSAT-IR satellite image

Developed MCSs moved forward along the 
Changma front that moved quasi-stationary 
to northeastward.
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Sub-synoptic environment

The horizontal gradient of 
geopotential height and relative 
vorticity were intense near surface 
low pressure. 

The enhanced low pressure induced 
southeasterly ageostrophic wind and 
intensified southwesterly LLJ at the 
ahead of cold front.

Low level jet (LLJ) transported 
warm and moist air.

High equivalent potential 
temperature ( ) toward System2 eθ
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VOR, HVOR, H Va, Wind speed Va, Wind speed 

Q, Temp., 
Wind

Q, Temp., 
Wind

θe, Hθe, H
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Vertical cross section across to surface cold front
Strong west-southwesterly wind ahead of cold front associated with LLJ, ULJ around 
200 hPa
A convergence zone appeared and straightened with height below 600 hPa, corresponding 

to sloping frontal zone .
Moisture advected largely and deeply on sloping frontal zone.

Vertical cross section (A-A’)
(a) (b)

ULJ

LLJ

Frontal zone



Vertical cross section (B-B’)
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(a) (b)

Vertical cross section across to surface warm front
The strong cross prefrontal horizontal wind shear below 500 hPa.
A convergence zone appeared and sloped with height below 350 hPa, corresponding to 

sloping frontal zone. 
Less steeped sloping frontal zone and advected moist air compare with cold front.

ULJ

LLJ Frontal zone



Radar analysis (System 1)

System1
The convective systems (meso-α scale) were scattered within an 

area of stratiform clouds to the north of the warm front.
Convective cells developed as a line shape

1��0�<0�" ���8�	
������
��/�
��	����������
���
���
� *� ����� ��5���
�� 99�%�.��	��������� ��!

240 km;
Meso-α scale



Series of horizontal reflectivity (System 1)
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Cellular echo was formed 
southeastern (rear) edge of the old 
convective cell (N1).. 

N2 N2 N2

N3 N3 N3

N1 N1 N1
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N4 N4
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N4
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System movement (14.4 ms-1)

New cell was generated leading
edge of the convective cell (N4). 

Convective cells separated. 

2nd order Merging Developing Dissipating 

1st order Merging

2nd order Merging2nd order Merging DevelopingDeveloping DissipatingDissipating



Dual Doppler analysis (System 1) – Developing stage
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System 1
Strong convective region (≥40 dBZ) up to 5 km  
Convective cells were affected by wind shear.
Strong southeasterly winds was shown near the      

strong convective cells and they are merged with 
southwesterly winds near convective cell band. 

Southwesterly 

Southeasterly 

Southeasterly 

Updraft (8 ms-1) 

Southeasterly 

`

New cell



Height 
(km)

Bulk Shear
(10-3s-1)

Directional 
Shear
(10-3

degree/m)

Speed Shear
(10-3s-1) Bulk Shear

(10-3s-1)

Directional 
Shear
(10-3

degree/m)

Speed Shear
(10-3s-1)

Bulk Shear
(10-3s-1)

Directional 
Shear
(10-3

degree/m)

Speed Shear
(10-3s-1)

Surface 
~ 3 4.15 23.026 2.294 6.041 11.796 3.592 2.926 9.629 1.698

3 ~ 6 0.785 3.811 0.973 2.542 6.382 1.282 1.024 2.86 1.075

6 ~ 12 1.739 3.440 1.529 1.379 2.012 1.504 2.001 2.01 2.201

Upper air sounding analysis (System 1)
15 LST 09 Jul. 21 LST 09 Jul. 03 LST 10 Jul. 



Upper air sounding analysis (System 1)
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ParametersParameters 15 LST 09 JULY 15 LST 09 JULY 
07.07.

21 LST 09 JULY 21 LST 09 JULY 
07.07.

CAPE (JKg-1) 0.1 1.3

CIN (JKg-1) 11.0 0.1

BRN - -

LCL  Height (hPa) 940.94 952.37

Table 2. Environmental parameters by upper-air sounding

Convective parameters did not 
provide  favorable condition for 
convective cells.
Unstable layer  located below 
920hPa (15 LST).



Radar analysis(System 2)

System 2
Each of convective cells (meso-β scale) moved along the line 

ahead of cold front within the prefrontal warm sector.
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Series of horizontal reflectivity (System 2)

1��0��;0�����������

��
���8�	
���������
���
����

��	������	���
���������
� 0��*� �(�%����� � 9 ��%�.����
��
����%�.��	��������� ��!0�

DevelopingDeveloping 1st order Merging1st order Merging DissipatingDissipating

S1 S1 S1

S2
S2

S2

S3 S3
S3

System movement (20.8 ms-1)
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Both of convective cells (S1, S2) 
developed.

Developing

Dissipating 1st order Merging



Dual Doppler analysis (System 2) – Developing stage
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System 2
Strong convective region (≥40 dBZ) up to 6 km.  
Mainly southwesterly wind flow showed around the 

convective cells with warm and moist air. 
Strong updraft (9.5 ms-1)  and downdraft (11 ms-1) 

intensified at the core of strong reflectivity region. 

Updraft (9.5 ms-1) 

Warm and moist air



Height 
(km)

Bulk Shear
(10-3s-1)

Directional 
Shear
(10-3

degree/m)

Speed Shear
(10-3s-1) Bulk Shear

(10-3s-1)

Directional 
Shear
(10-3

degree/m)

Speed Shear
(10-3s-1)

Surface 
~ 3 2.076 4.734 1.378 2.435 4.772 2.029

3 ~ 6 2.506 4.72 2.803 1.241 1.143 1.443

6 ~ 12 5.061 8.041 5.404 1.473 2.803 1.485

Upper air sounding analysis (System 2)
21 LST 09 Jul. 03 LST 10 Jul.



Upper air sounding analysis (System 2)

ParametersParameters 21 LST 09 JULY 21 LST 09 JULY 
07.07.

03 LST 10 JULY 03 LST 10 JULY 
07.07.

CAPE (JKg-1) 408.94 -

CIN (JKg-1) -101.26 -

BRN 5.67 -

LCL  Height (hPa) 932.65 928.66

Table 3. Environmental parameters by upper-air sounding

CAPE (≒408.94 )  value showed 
little instability. 
Stable layer  located below 
930hPa (21 LST).
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Summary (sub-synoptic condition)

In sub-synoptic conditions,
The enhanced low pressure induced southeasterly ageostrophic wind.
Southwesterly LLJ intensified with warm and moist air.
In vertical cross section across the Changma front,

Consistent southwesterly wind blew with moist air ahead of cold front
Strong cross prefrontal horizontal wind shear and convergence zone across warm front

In sub-synoptic conditions,
The enhanced low pressure induced southeasterly ageostrophic wind.
Southwesterly LLJ intensified with warm and moist air.
In vertical cross section across the Changma front,

Consistent southwesterly wind blew with moist air ahead of cold front
Strong cross prefrontal horizontal wind shear and convergence zone across warm front
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In radar analysis (System2),
Single convective cells developed to the cold front ahead of the prefrontal warm sector
Strong southeasterly wind blew with warm and moist air in the ocean.

In radar analysis (System2),
Single convective cells developed to the cold front ahead of the prefrontal warm sector
Strong southeasterly wind blew with warm and moist air in the ocean.

Summary (Radar analysis)
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System 1System 1 System 2System 2

In radar analysis (System1),
Multi scale convective system were scattered within an area of stratiform clouds region to 

north of warm front.
Southeasterly wind plays an important role in developing and generating  a new cell. 

In radar analysis (System1),
Multi scale convective system were scattered within an area of stratiform clouds region to 

north of warm front.
Southeasterly wind plays an important role in developing and generating  a new cell. 

In radar analysis (System2),
Single convective cells developed ahead of cold front into prefrontal warm sector 
Strong southwesterly wind blew with warm and moist air in the ocean.

In radar analysis (System2),
Single convective cells developed ahead of cold front into prefrontal warm sector 
Strong southwesterly wind blew with warm and moist air in the ocean.
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Thank you for listening !!



The structure and evolution of Changma front

The horizontal gradient of 
geopotential height and relative 
vorticity were intense near surface 
low pressure. 
A low-level warm front gradually 

formed with an east-west orientation.
The cold front near the low pressure 

was aligned from northeast to 
southwest. 

850 hPa850 hPa

Low level jet (LLJ) transported 
warm and moist air.            
(mainly 850 hPa)
Warm and moist conveyor belt 
indicated ahead of cold front.
Thermal gradient over south Korea 
was strong at 2°- 4℃ (100 km-1)

850 hPa850 hPa

LL

L L



The structure and evolution of Changma front

The accompanied height fall appeared 
to be responsible for generation of 
ageostrophic winds. 
South-easterly ageostrophic winds 
blew into the LLJ core exit.
The enhanced low pressure induced 
southeasterly ageostrophic wind and 
intensified southwesterly LLJ at the 
ahead of cold front.

850 hPa850 hPa

Both trough and ridge in upper 
troposphere amplified.
Accompanying the amplification 
of this trough and ridge system, 
the baroclinic zone, characterized 
by a large geopotential height 
gradient and upper-level jet (ULJ), 
migrated westward.

L L

200 hPa200 hPa

trough

ridge



Horizontal wind flow (System 1)

Fig. 13. Series of the horizontal distribution of reflectivity and wind vector at 2km from 1900 LST to 2030        
LST. Bold line indicates an interface between positive and negative of horizontal winds. 

System 1

Wind shift line shown at the rear edge of the strong convective cells (≥40 dBZ).

Wind was shifted to the easterly in the strong convective cells.

Thus, southeasterly winds play important role in System 1.



Surface wind (0000LST 10 July)


