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ABSTRACT

The Characteristic Analysis of the Heavy Rainfall of Typhoon
Mindule (0407) Occurred in the Southwestern Region

using Weather Radars

Park, Gyun—Myeong

Advisor : Prof. Ryu, Chan—Su Ph.D
Prof. Lee, Jong—Ho Ph.D

Department of Atmospheric Science,

Graduate School of Chosun University

Weather radar is a useful instrument for retrieving the variation and
movement of wind filed in the mesoscale cloud system. Research was
conducted to analyze the precipitation structure and characteristics of
mesoscale system causing heavy rainfall using the various radar data
analysis including wind field analysis and micro rain radar data by dual
Doppler weather radar, and single radar reflectance analysis.

For seven days from July 3 2004 to 9, southern area had heavy rainfall
by typhoon Mindule and increased the activity of stationary front by
influence of typhoon, and heavy rain moved to middle areas. From the
analysis of rainfall characteristics by micro rain radar, precipitation
intensity was shown at 11.5 mm per hour on 0700 LST July 4 at
Haenam, and it showed that precipitation particles with the size of 4 mm
were homogeneously distributed as a functions of size and height.

Number concentration has increased to 101~106 logarithmically when

the size was small. These results provide guidelines for quantitative

_Vi_



analysis of mesoscale precipitation characteristics causing heavy rain. The
results also provide more systematic understanding of collision/
coalescence process related to increased process of precipitation. On the
other hand, precipitation intensity showed high at surface and decreased
with increase of height; and it showed close relationship between
precipitation intensity and increase of size by vertical collision/coalescence
process. Moreover, the accuracy of precipitation intensity showed good
relationship with correlation of 0.9 by compared to optical rain—gauge at
surface and decreased with increase of height; and it explains the radar
attenuation effect by precipitation particle increased with height.

Even though rain area forecasting by synoptic system is possible in the
numerical forecasting area, in this case of heavy rainfall developed in a
short time by mesoscale system, there are limitations of numerical models
for accurately forecasting heavy rainfall area and precipitation. Therefore
it 1S necessary to analyze synoptic measurements in order to prevent the
natural disaster by severe weather. The necessity of using a high—
resolution non—synoptic measurement data including satellite and radar for
predicting locally developed heavy rain are recognized. On the other hand,
we investigated the horizontal and vertical structure of system causing
heavy rainfall by non—synoptic measurement data including satellite and
radar, and especially from three dimensional wind field obtained from the
dural Doppler radar analysis. There were strong vertical shear and
surface divergence in the strong reflectance area, and there were strong
convergence area in the surface with upper wind. Also there are suitable
situations for developing and sustaining mechanisms due to the developed
divergence of downwind which caused by the precipitation near the
'strong' system and strong converging area at surface in front of the
system .

Although it is not possible to accurately determine the mesoscale

system accompanied by heavy rainfall activated on quantitative—basis by

- vii -



stationary front as well as both 'direct' and 'indirect' typhoon, it is helpful
to understand the developing and sustaining mechanisms by measurement
data analysis.

It is expected to be used for forecasting and analysis of precipitation
structure and characteristics of mesoscale system causing heavy rainfall
using the various high—resolution non—synoptic data including reflectance
and wind field analysis of weather radar, micro rain radar, and optical

raln—gauge.
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Transmit frequency 24.1 GHz
Wave length (Band) 1 cm (Ka)
Antenna beam width 1° (0.6 m)

Peak power 50 mW
Modulation FM-CW




C. 5% 7133ue #299
1. 713d el
Aot v 5o AeTdel BE 5S¢ #2¥ 5 QAW 22 7%

dlojr] cheL}e] AnkA el F=AL WPHLS Plan Position Indicator (PPI), Range Height
Indicator (RHI), Constant Altitude PPI (CAPPI), Sector PPI (SPPI), Sector RHI
(SRHI) 183 3] FA} (volume scan) 5°] Ut} (Fig. 3).

PPI¢} RHI A= 717 dlolti o] A 2l wwoltt. o] & PPI At (Fig. 3(a))
= 360°5 FAstE AP A dHold FAF FE o R QU HFAESH A 74 g
2EoA Hdeld nw=zho] weh AEv. RHI FAF (Fig. 3(b)= 2k g =Eo A

o WA Aol nE=Z4 AT AGFel dHE Hd n=sA] u=zs e

O

FARSTE g2 AFHFOoR Fdsta = 5§31 FAF (Fig. 3(e)v 360°E% PPI
Z=abetE A AAT nEdA] Rz B2 Zolv, CAPPI (Fig. 3(d): %3

A AR F RS NE WE EEA dme £HA A4S folasl dx A



(a) PPI mode (b) RHI mode (¢) Volume mode

4 z z

Oe

(d) CAPPI mode

wEAAe AYE rold) dW HEclet Ame] 94 0L T Hom Foly

e

(DZ—ALZ—I—(DO (7ad) (7

rlr

kel Mol A T WA Azkel wE 9gue

ﬂ:;lliﬂ_jl

ar A /2D Y V,=0, (rad sec) (8)

otk A4 Q1A pe FAUAN HF ANEE, AEE o & 2 solth

2}



%d

T/

017

i

]

Z 7

3T

A =

9)

—J}: V, (sec” V)

Ja=

(10)

[RER=S

S

7F(Ap0)

foE (0947t A

S

=
o

o AE57

T7F A2 (£K0)

5

2

]

3T
=T

(&7 RN, BolAE AgE =

gk g
FL7] <2

S

Far dloly shel=

S

ool Hl &

A

b2

PN
T

7

]

717l 27k dlelH el T

T

2]

sy
_

A< -
ST

d

= 9 AolA A

tol iAoz w3t

S

5]
pud

b

S weba s

H

Zotng =A7F deld

o

% o} of

4

&

¢+
b

&)

)
Nr
)

p

e

¢+
b

&)

g golgrt AAZRE=

2]
M

al

K

4

(11)

M = 2m (— 7))

oo

¢+

e
)

75

[e2}
=

Hol7b 1/2 Az

24 9

i 7] ol < o] v

9]

__[/_

o
VS

ol

S

S
=

RRNCIL]

Fib AA%E Aol

3
s

ia=3

g53 7w AR uilg

"



100
97
71
50
26

Observation probability (%)
87

cos©

1.0
097
0.87
0.71
0.50
0.26
0.0

15
30
45
60
75

Degrees of an angle(©)
90
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Table 4. Characteristics of ORG.

Parameter Rain

Snow Remark
Observation range of 0.1~500 0.01~0 Resolution
rainfall intensity mm/hr mm/hr 0.1 mm/hr

Observation range of

) ) 0.001 ~999.999 mm/hr
accumulation rainfall

Accumulation
Error range 5% 10 %
rainfall
Rainfall resolution 0.001 mm
Time resolution 5 second

3. vela 2R $-dely

9= Fig. 63 #& =49 METEK GmbHA}Y] wlol=
27¢deltl (Micro Rain Radart MRR)E 24 GHz9 X F 5 Abgste K-t
H 9] Frequency-Modulated Continuous Wave (FM-CW) Radar©]| t}.

_15_



R SUEEREE DR

o

nlo]lAZAHolgE Az HE Ao HWAElY FHEolQE AT E o

ol
28

af #oj WAl o AAYstE s FAstE Adulolth o] F kA AEE o] &
of npola 27 Sdolte A4 E, dAFT= (Liquid Water Content: LWC), ¢
237183 (Drop Size Distribution: DSD)E &3 4= 9t}

8 d=HY= 3 kmol2, #= WU E+= -10 dBZ/km=Z4 0.01 mm/h 7|9

e G AR FAD = o #59] AR e A2 1022 A 4
=
<)

p(f)df = C—n(f)df (15)

24 Ce Agrudgoelyd oy, n(f)dfs ~HMEY RIWALE (m*/m’)o] v}

@ H9A49 (m) E9&e =79 DSDEA N(D)=

_16_



o ov oD
N(D)dD o) dD (16)
olth, 2 (1)l A o(D)E Zwated WA (m*)o] ).
@uoly WAE 7, (dB):
D S
2= 05 g b WA (17)
24 47 Aoz B 653 2ok
z= | Ow/v(p)z?%w (18)
@ Fg¢F LWCe 2 W25 A4 =594 =9 2% p o wo=2A4 YA
Abolz= Bz o] 30 ule o}
I 3
Lwe=o ¢ f MDD D (19)
0

RR= % fooo/\/(p)p3 A D) dD (20)

_17_



12 . 25 mm/h

/ \
N\

/ N
/ //"“\5 mm/h \
%‘w S~——_| ~—_|
0 1 2 3 4 5 6
Drop diameter D(mm)

Differential Rain rate

Fig. 7 Relation between drop sizes and rain rate.

W= . (21)

MD)O (D)
VA= 190G D)

(22)

_18_



.
sl

—

wjr

"
o
a

—

0

o)
o
;0._
Nlo

—

~E
BK

Ho

eel

T
A

el
o

o

el

o
Hlo

=
3

a7t

3 A7e Ad

o
RE

= A

T = =]
=3k 3

w}
= WelelA e

.29 5~20°¢)

t}

)

&

il
W
G

—
o

T

Ho
w

fuse]

)

&+

ol

o

o

o] EolA

of A stolt}.

R ke
E R

o] A o]

o7} =LA H.

8=

al

¥ =

o]

he 3
o

5 of

A =2 A

9]

A 71743, 1996).

)

=
o)

k)
o

o
=)

o
i)
o
;O.*
o]
Ko

o

!
N

h
o|J

7
oI

o

o
Hlo

—_—

o
o

g

Aol wel #H7] 7] A 9

LEREEE T

GeRU = Ao wEolt

_19_



el
-

"
)
on

‘_lyyl

p—

kel

o
gl

o)
o
i
M

—

O

Re
wir
xr
=

—

el

o)
o
i
M

—

O

i

-

L.

A~

T

4

[}
=
A ]

&l

3]

Fol g
9

°

H] 7}
of Fwkso] 2~3

L.

1

[¢)

ol i} Al Ao

©] 80 mm ©]

L
o %

=

2 1A ZF-=Fe] 30 mm o], 244]

o] 10 %ol % st
_9:_

o)
H
1+

X

4

o
L
-

ol A Aol T AHOoE EofA A A H Ao

oJ

=

A]
ArkdA, datE A7)

=0
i

H
ST
o,

i

[

HEF 10~20 kn

[e}

2
=

SRR

w7 =

7
Ko
A

)
A
)l
oF
;O.*

AO

o
o

<]

—

[e]

2] 2ol A

A o] 85%

FEEA

, 1996).

7]

)

o] 150 mm ©]

=13

7F 6~949 Fol

—

0
Gl

Gl

o)
o
i
Mo

—

NH

RS

I

—_
o

o
®

w

zel

|

o)
o
oW

"

A2 9 1,000~1,500

)

=3
=

AW (2% 10~15 km)ell &3gkof. &

ﬂ

il

it

=]
5

1~2A]

g o]

_20_

ul 7k W g

H S !
=

Ea

tol 7

°

A} 7he A

4 A



pzel

il

ol

o

s e

Ho

2

Ne

1.

Foll A A, STS

3

D

ol
°F 200 km el A &

23d &
A

I o] 20043 6

Fig. 8

7 -
fu

Z=
=

1l
=]

A

SE2

AFE A

el

AA 5

el

rzel

S

A3} 3t

3

Aol o

R
L

A7k

|74 2

F# A 2004

17] 8]

S

Rl s

Wl 4T a97F 24, 74 40l

EEEEREE S

St

gk

o 7

Fig. 8 Best track of No.7 Typhoon Mindulle.

_21_



=
I+

W

—r

el

=
o

,..A,.o
T
X
Ho

=

171% (Fig. 9(a)E w4, o

4q

2004 7¥ 29 0000 UTC A% #

mﬂo_.o

o
il
ryl

ar

T
OO

)

(e
ol

R

|

o

e

il
I

el

o
o0
To

el

74 24 1200 UTCel

kel
T

el

!

o

3
00UTC 03 JUL 200

UTC 03 JUL 2004
[T

o 3
Korea Meteorolog cal Administration[KMA]

O20UTCJUL 2004 |,
TOUTC 0Z7IUL 200

ASE KVA

Fig. 9 Synoptic weather analysis charts for surface on 0000 UTC 2(a) and

3(b) July 2004.

Korea Metearological Administration(KMA]

UTC 02 JUL 2004
[

OL
=
o

o
Ay

Nfo

—~
o

=
i
ol
Ko

74 39 0000 UTC €71%= (Fig. 9(b)E BW, H

utet 7]}t

NG ARE AR S

al

OO]:

3

SR

HHoe=

d

A

’

al

O
A

o

_22_



= oo AuAALRY AHAA dFow AFAd 548 Bk ou 79 3
2 0000 UTC 45271 =elA 5449 A&

10(a)ell A gRte= Sefm et ur7ige] dFded Fol 3, 2 ME% FAEAA

A7z BF WEd 7 546t do. 2da ETH R SHEFarIL vt
[eE]
1

AZIdezRY Bl AT etz V4ol A4

Aol 2AHW T-E TN F

Fig. 10 Synoptic weather analysis charts for 850(a) and 200 hPa(b) on 0000
UTC 3 July 2004.

g3 200 hPa #5471 %= (Fig. 10b)ollAd= ZFd7E dites FHo= 54

53 AEAFY 4T 9L o] ABANF Fo FAF

o
o
N
oX
‘O|L
k1



2004 7€ 29 0000 UTC A9 (Fig. 11(a)s E¥, A7 HF W
= HEFY T 7HAA §2 O TEHToR O ool Ae olal, Ak

A el A sEdzE FAEEA FEUZE Ak sctel A AR o, AE v
TEWE A FE AT gAHEA feuEt EE WEARes FYH
1ot 0600 UTC (Fig. 11(b))ell= o] HlF-Fth7F %ol *3HA5S & F 3
.29 1800 UTC (Fig. 11(c)) M= F= AT AA FdH= vl 757

SUBE

e HEFoA dEeHx

ofd

y
A2 d3EHE FAHAM n2uHd F7I7F FAdEEA HA FEE
o] % 4 0000 UTC (Fig. 11(d)el ®1F WEHA'E A AdF= oFshx o,
o)

ALY v E 3 oA feuel dutel] A3 395 24 ARG

2

k
%2,
)

_24_



(b)0600 UTC 2 July

2004.

’

2004

(d)0000 UTC 4 July

Fig. 11 The image of GMS. (a)0000 UTC 2 July

’

()1800 UTC 2 July 2004

’

2004

HHE Fig. 12(a)2] 2004

o

AL#loll o sl

el &

el

A

—

o

vl

i

3g o=

o 79

Fig. 12(b)

’

al

o:
5!

B

op

TH

<

)A
o

wr

BX

fils)
a

Ho
]

_25_



o] F33HA Table 59 #o] AH 645 mme 57 g HEX740 o=
e H; NNBFFE 1S5 Ar,
RAIN(day) 2004.07.02.24:00 RAIN(day) 2004.07.03.24:00 RAIN(day) 2004.07.04.24:00 i
5 : =N
. |
e j_. : 3 b
: O
& 1 |
Z ; x;"\ 1.9
Fig. 12 Daily accumulated rainfall amount on 2~4 July 2004.
Table 5. Extreme value of the rainfall, wind speed for 3~4 July 2004.
) Day maxmum 1 hour maxmum Maximum
ranking ) ) )
rainfall (mm) rainfall (mm) instantaneous W/S (m/s)

1 241.0 (7.4, Sokcho) 69.0 (7.4, Sokcho) | 37.6 (7.4, 07:46, Jindo)
2 125.0 (7.4, Gangwa) 64.5 (7.3, Mokpo) 354 (7.4, 05:24), Gosan)

3 119.5 (7.3, Kwangju)| 545 (7.3, Kwangju)

o] 7|7t F 79 3Y A RE 1TA7}HA B8R SFEAR B=9 BxAHe
s AT, Fig. 13(a)v AWSE #5d Fo@ed didh % 05 mm

Tipping bucket A 3154 (red bar)¢} ZaA¢AEAZ #AFH & A4 =

line)2 #5% Frdes & A} FHFFFoE Hqksto] olF HAd Aol
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ORG and AWS Observation
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Fig. 13 Distribution of rainfall amount by AWS and ORG on 3 July 2004 at Mokpo.
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Fig. 14. The same as in Fig. 13 except for on 4 July 2004 at Haenam.
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(a )mn Radar Reflectivity (dBZ) (b). Rain Rate (mm/h)
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Fig. 17 The reflectivity, Rain rate, Liquid water contents, and falling
velocity of drops by MRR on 0700 KST 4 July 2004.
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Fig. 25. The same as in Fig. 21 except for on 1300 KST 3 July 2004.
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