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ABSTRACT

The Analysis of Radar Reflectivity of Cloud Streets
Occurred by cP Expansion in Winter

- A case study on the heavy snowfall event(January 3~5, 2003)

over the western coast of the Korean Peninsula -

Shin, Ki-Chang
Advisor : Prof. Ryu, Chan-Su Ph.D.
Department of Atmospheric Science,

Graduate School of Chosun University

When the cold surge of the Siberian anticyclone expands southward during the
wintertime, it enforces to produce lower clouds over the yellow sea where often are
converted into the cloud streets type and produce heavy snowfall over southwestern
coast of the Korean peninsula, Honam Province.

On the current study, the formation and development conditions of the cloud streets
has been investigated through analysis of the three dimensional snow cloud structures
by using the CAPPI, RHI, VAD and VVP data of X-band radar at Muan Weather
Observatory and S-band radar at Jindo Weather Station. The data to be used are
obtained from January 3 to January 5, 2003, when heavy snow storm hits on the Honam
Province.

The formation conditions for the cloud street such as the pressure pattern, vertical



distribution of temperature, wind velocity /direction, and the strengthening and
weakening of the cloud street with these conditions are analyzed. At the beginning of
the cloud streets generation stage, these has elongated the band structure of cloud
which the horizontal pattern is parallel or perpendicular to the wind direction. Distance
between the bands depends on the development stage and ranges from 25km to about
100 km. When the cloud street hits over land mass, the horizontal structure begins to
break, but vertically develops N

The PPl radar images show that the cloud band distributes in perpendicular to the
expansion direction of the high pressure and that the radius of cloud cells is about 5
8km with 20 30dBZ. Distance between each cell is about 10 km. On the other hand,
the vertica radar images show that the cloud street is a small scale convective type
cloud with height of about 3km where a stable layer exists. From the VVP images,
the time period of the high pressure expansion, the moving direction and development
stages of the system are delineated. Finally, the vertical distribution of wind direction is
fairly constants, while the wind speed sheer increases with atitude.

By combining the horizontal and vertical distribution of the meteorologica
parameters obtained from the radar data and analyses of additional cases, it may be
possible to improve the forecast capability of moving direction and future development

of the heavy snowfall from the cloud street.
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Muan X-Band Doppler Radar (METRI'KMA)

Muan X-Band Doppler Radar (METRI/KMA)

(a Wind Prufile mying YA} Mrihod, Range =5 - 20 km (2) Wind Prufile mying VALY Method, Range =5-20 km o
e 60 o 1 60
" 56 ve 56
52 52
e a8 e 44
“ L]
k1 0 78 40
— 36 . 36
5 e 2 5 & 32
- B 5, L
= u B un
1 20 49 20
A e e e % 16
N a s h WBLLANLL "
BLLRY R T '\“\ Lk K\'K'\"\'&“‘\'KKKNKW\K“‘\"‘\"{“\"\K"‘\"‘\“‘\
B LN WL, Lihnuesan o wann (jf ¥ 24 1 AL “\“\[“\'\"\"\"'\K'\“\"\"'\"\“K"\"\"\‘K“K“k"\"“\ #
ANV U TR AR SN T | W\M\“\M\“\"\“‘\KWQ‘\K"&"\“&‘\"\K"‘& LRRERLAS i
wie b R ey (B gy O R R ‘*\@\KK"\"\“‘\K“\“& al
B NI ”\“\"\”\”\“\“\”\W\‘\"\ KK‘\"’\K‘KKK"’\“\’&'K K"\‘K"&”\*\‘K‘W\ oty
(c) Time 45T) (03f3n 2003 Time (5T) 04 Jan 2003
khots knots
& s
H = H =
8.0 AT o o a ) 2,0 a &0
55 55
7.5 a 50 7.5 o 50
45 45
7.0 a 40 7.0 - 40
i 5 3 oo . =
6.0 & e e nda Ll = gg A, 0 a = gg
[ ] : H s
5.6 a = 1[5’ 5.5 a = 12
5.0 et et e et El 5,0 a
4.5 e - s SER R o _ Jindo_Radar
PEF ESOk/ 400 : ERF’ 1ggok/ 400
4.0 el RS § i 4,0 a 75 : 49
£ SIEM:{ e 000 K B ° Fei: B 000 kem
3.0 L 5700 3.0 a HERR N
Fig.s-19-VAD -images-of - Muan rradar durires-the* period- réri- 09 LS T K.,
o[ to I5LST 8rd, and (b) from 09 LST .5 LST 44th, January 2003,
.0l id VP iil‘l ges  of |Jindo radar durimg-the-period €c) from0930
0,554 0.5
oa:zLSTo 1430 ko Ti:ath and 0750 LST to 09900k T=-=4t Eglafmmalﬁyzou .
09:40  10:10 1030 11:10 11:30 08:00  08:20  09:40 00 03:207 09:40

respectively.

_42_




. a2 £

AT A E 20039 19 3¥FE 19 5Y9 Apolo]l i AEr Aol A
Agk il A E A ATl 28 72 A48, e A58 X-band ¥
o9} FA%we S-band #eld e PPI, CAPPI, RHI, VAD % VVP 4% ol &

sto] Aol A= B oojEa W A ZA45

S Asletel A HAEHE cloud streets= 1718Fe] FAWFn FASHA AA
Bysta, Alo] WAool oF 5~8km A& Zv|oln, A FAe golr WHAIEE
ok 20~30dBZola, A ZFA Alole AgE oF 10km ATE /M= FeE=2 Tt

Atk AAFEE FHoRE o 10k, FALR % 3k AR AVIE 77 A2
Aol gejolar, ik 3km F ool M =AdAIT =AE Asto

o] ¥aela o 3km o] ol wel V]2 Frbehs AT =4 Q)

a
@]
o
o,
w0
=y
D
(@)
o
w0
s
>
)
o
(e}
o
=2
N
inss
Lo
i)
o3
oz
o2
o
fr
N
>
[
i)
o
o
ofl
—OL
&
12
i

SR, A% oF 3km oJWol A FACM MFor mF = vk FAE AWle

TEE % 5~16m/s o2 ZEsHAT

A

W AT 20039 1Y 49l =g AbEEA Ol slgek ARt FF st
Had et FAe ole AR B AE Ao dE Agrs FH A= V2AR
2 2389 Qo fuddg

_43_



o~

A, 1979 @@ 10 olge A Y 2. #F¥FHH, 150
Ao, S 2006 P AF A WAREA AR FHAYS A4 AT ¥
FaE, NH9, z‘ﬂza;, ol FtEl, ol AT, AUE, AWE, 2006 1 FA7)del=7]%

WE/ZLAY FAAS7e/ME. 7133, AT R A,
A

, ol E, oled, 2006 ¢ wAVNGASTI SN/ ST A

FALS G SN E. 71 H, dF /TR 1A, 388pp.

T2, ol 2006 ¢ At sl v Bxe mE did Arwsie #
g FA AT, g FHGE] FA G35 Proceeding, = A T38H3],
229-231

W39, 1974 ¢ A Fade d 2 s FAMAG oj5o] Aol 7]
WA m A= . o7/ 3 A, 10(1), 1-10.

b, BRA, AIE, 73k, 2006 0 71 el Sl wE s A Eel

the korean data analvsis socrety, 7-2, 507-521.

EH, o] A™W, T, 2005 ¢ AAIEHE o] & TEAY AWUFT AHdAE.
Journal of the korean data analvsis society, 7-6, 1999-2007.

HAEA, ole®, 73 2005 @ EFAY LIASARFIIE FA VG R 1
A= @l we AT FFX 7 H IR, 26-1, 66-717.

dag, A9, 984, o4F, 73, 2006 1 AEH s LY S A T

A WNAE SA. FF7¢83] Eenls  Proceeding, F=717%35H3],

_44_



AE4, olEat, oldol, 1994 @ Feuhetell A AT o] B A g5
3akel <1, 30(1), 97-117.

Armijo, L., 1969 : A theory for the determination of wind and precipitation
velocities with Doppler radar. /. Aznos. Sci., 26, 570-573.

Asai, T. 1970 : Stability of a plane parallel flow with variable vertical
shear and unstable stratification. /. Meteor. Soc. Japarn, 48, 129-139.

Brown, R. A. 1970 : A secondary flow model for the planetary boundary
layer. /. Atmos. Sci, 27, 742-757.

Browning, K. A. and R. Wexler, 1968 : The determination of Kkinematic
properties of a wind field using Doppler radar. / Appl Meteor., 7,
105-113.

Carton, P. G. F., 1963 : The measurement of wind and convergence by
Doppler radar. Proc. 70th Conff Fadar Meteor.,, Washington DC, Amer.
Meteor. Soc., 290-296.

Koscielny, A. J., R. J. Doviak, and R. M. Rabin, 1982 @ Statistical
considerations in the estimation of divergence from single Doppler
radar and application to pre-storm boundary-layer observation. _/
Appl Meteor.,, 21, 197-210.

Lhermitte, R. M. and D. Atlas, 1961 : Precipitation motion by pulse Doppler
radar. FProc 9th Conf Kadar Meteor., Kansas City, Amer. Meteor.
Soc., 218-223.

Lilly, D. K., 1966 : On the stability of the Ekman boundary flow. /. A&mnos.
Scr, 23, 481-494.

Matejka, T. and Ramesh C. Srivastava, 1991 : An Improved Version of the
Extended Velocity-Azimuth Display Analysis of Single-Doppler Radar
Data. /. Atmos. Ocearnic Technol, 8, 453-466.

Park, S. U., & Joung, C. H. 1984 : Air modification over the Yellow Sea
during cold-air outbreaks in winter. Jowrrna/ of Aorean Meteorological

Society, 20(2), 35-50.

_45_



Ryu C-S, Shon K-T, Lee J-H, 2005 : Statistical prediction of occurrence
of heavy snow in Honam area, Korea. /ZSAM5 Proceeding, 1SAMS
Organizing Committee, 63-65.

Sun, Wen-Yih, 1978 : Stability Analysis of Deep Cloud streets. / A#mwos Sci, 35,
466-483.

_46_



[F5] VAD WL 043 dd=Zg dold £ nhgbd &

A. o] &
@4 =59 dolgE o]&e vgd 4= Wi ol= Lhermitte and Atlas(1961)
F&laz, Caton(1963)3 Browning and Wexler(1968)c] 28] AAAH o=z =AY
¥ VAD(Velocity-Azimuth Display)® %, Srivastava es @/(1986)3} Matejka and
Srivastava(1991)e] YAl HstErEs  Ab=Es7] fste] agkdk EVAD
(Extended Velocity-Azimuth Display) ", Koscielny er @/(1982)°] WlF3 7%
oA wigEFs AFESH7] ASiA vdewRs 39 2AS §stel g VV
15 =&9 #dolgE o &
g whb AbE W (Armijo, 1969; Ray er @/, 1980)2 F tle] #@eolti & o] 43¢
o)

Ce YA FES F YN BE5e]l 54 el Use] nr o 41

7 O

-

JL]F

3

o

(Volume Velocity Processing) ¥ %o 9t 181

H
=]
B2 ARE AGsel 2o AY FAVPIAY AR AH £EE o] 5ol

o,
i
o

V() = Vycos cos( — )+ Vsin

=— JV,cos cos — FVcos sin + Vsin
oA71H Vi dolds TAom eANES nigAd Lol Ve EEWFoH.
A

BAYEE YAYGow 4 oR MYl WAD AR Vil V,E ol
¥

a O a O a

_47_



M 2 (A2)9F Zo] AT 4 A (Matejka and Srivastava, 1991).

V( %iaﬁ( ) (A2)
—~ 6 )

North

rtanc

Fig. A]' Qeometry of rdddr scan froiw nﬁg and Wexler(1968).

o N AL g;n/////é//////, iz

a© Fourier Aot FAY4 9 N/ Radag & =5 T3] HAASHS A 835
o] Fourier A4 4 €A a2 T3l7] 93] o e bhot A AS 7+ 21(A4)9}
21(A5) #o] Aoe 4 i, Fourier A5 WA a= 2(A3)I 2ol +& & 3
S/ S} S/ S} S/ S}
a=A"'b (A3)

b= 3 VLD (a4)

_48_



N
Az;/' :;/’( é)/j(e é) o (A5>

o714 i, j=123,+ - -7 °ltl. Fourier AF 4 ®©HA, a= 371 39

Gauss-Jordan 24 H & AF835 %
a2lal A4k Fourier A9l gk FAMIA S HAAE txstes gholB=E 2
Wl ztel wE WalgFo]l A whebA Fourier Aol WstaS Alitete] 2y
A westolof gt} Fourier Ao W3t 2 (A6)¥ #2o] AAE

ﬂd}(d,): Ail/;/*sz <A6)

$=( phq BLPC 2= 1) (A7)

o714 A(AT) sz B0 DT BF A

by

=o] wghaFolt

9 BH 2GS Q7] AAAE doly 9=
7 BEHolol 3, 4F o2 WHd A2PdsF BANY £AF Aslel f9
shol, whael AR o A=t AL AT VAD $He dundon ye
Gl ool FAW WFFS 74 AFl Bl sbsa] wE FEFol

Yekel A st o] durHel 7 3ol

)
AegAFAE0] A&t VAD 84 9, w4 30km(Matejka and Srivastava,
1991) Bt} 22 15km WA S Abg3ste] A4S Fstart oldd 52 HbA
e FAL FeAlzEe] W
Wind Profiler®} |3 g3& ¥ 4 vt 283 dojyg As+ T FH
=

ofg W AE e deoly Alxdle] wbgoew g W Az e A



bt

ng’

S|
=

2~5km=

_%
VAD W™ < o]

bl fm B4 9

\e]

B

al

My

i)
H

&
)

~
o

A

Fig. A2+

ARnzRE A

g4 9)

+ UF

o
s

=

el o] A el A

Z ol .

l

o

Gauss-Jordan

=
= il

E,l_

o)
Ho]'xééli

gl N O7Re

O

At

Lo

)

VAD el Aol uegt 1=y

R
L

3

cRl

ZS

pyl

]

==
o

% § 5}of

o
.zr:
<

Gt
.MO

o
il

puzel

dr

%)

=49 oy AlXx

Sts

2003 29 22 14A4] 9

R
s

Fig. A3

ZA02Z 10km Eo]z A A

=
=

ALgE 259 AwE d@olg

R
.

H ol A

e o] 5 ol A

ZFg otk 60° FZo A

20m/s9] Al

b 2400 oA of -

A &

=
L.

SREATE T

o

R T &._.

)
K0 M
i T Jo
e L | R
I i =~ £
_ el | B &
0 il ¢ 5
B 10 5 a %
0 _ i o 2.
' 2 |3 1]~
> B 2R oW 3 M
|l | B |2
5 20 N B .
5 i 4 m 5
H =< E
g Y It
5| |B P |8 |w
0 = 3
s| | NR| N |8
. 3 (2| |7
<
mu

_50_



Redid \dodity (1)

Fig. A3

25

20 -

15

10

5 -

o -

-5 -

-10 -

-15

20 -

N ——— Measurement
Fitted value

RSN v

-2
Radia

angle

velocity &f Dopplen sadar withegespect tesdthe azimzdh
on 22 February 2003Azimuth angle (deg.)

_51_

360



Fig. Ad+ 2003 249 229 st % weo] F£59 RMSEE u=d=z ug
WA Aotk VAD ®Wilel ofste] 2tE® whe el RMSE= A&l 7F7Fe 3t 1km
o|stoll Al ¢ 0.6~12m/sH == YEFWI, 1 km o]delA = 05~0.75m/s=H il

9 59 F5E 1km ol FlA FBYS Bol AL I 5 Yk

o>

o,

RMSE( 22 Feb. 2003)

4.5 A

4.0

3.5 1

3.0

2.5

Height (km)

2.0

1.5 +

1.0 +

0.5

00 T T T T T T T T
Fig. A4 Avera_gpd RM;E ofo.élorizogltgl Wila(_jS Withogespec{_oto heliglht ony 22 13
February 2003. RMSE (m/s)

_52_



el 2

Aze] w7

ol F Al

= A5y

RS

)
—~
o
o
7O
ofp
s
Tor
=
|l

)

~o

NI

Al

=i

il
of
]
ol

A
mR

NR

ok
JJ

fry

™
T

A Ao

& A7

& v
A9 F3 §71%%

A

R
.

P
pild

bl
a3

N

oy

oy

b4 F A AL

o] 7%

A Y &

vl
=

!

=3

a3 7t

ki3

A3 A A

)
ai

ol
xa
il

"
R
Tor

;On_
vzel

X

—_

N

ol

o

il

o

ol
G
oyl
1Ho

ruze]

X

7

L
vl

ol

=i

N

&
e
;0#0

R
o

NI

4

ruze]

R
XO

}

2

T A

3

T

3
»

<]
e
B2 4

=
=

9o whitg
1

=
2]

AFAR, o
=]
hs}

EKE
H gi

’

vl
=

~
_‘no‘_
Y g

AL
b

el
B e
T o
T op-
~ N
N o
55
MoNe

o Al &=

=
=

baoelzel #

Aes

=
=

FHA A=

S

B

il

o

—_—

0

o

o

)

R

4

el
ol
ar

ok obm A A <]

Ho

ZAbshaL

of i ol A

)

el

5

A}

N

=3
"o

el
=)
N

ki3

el o

gy, 222

SR

o
=

Zn

=
=

ar o] ARA

~
or

o

o

5

)

2007

_53_



=

~1 Q

-1 =L T

= 2 T o
7| 2 o} B g
518 <0 o
. g
— -+
AL b |
- c S 3 ot >
= =) > c 2
S w0 S-S
™ s ol 4 7 85 i
= 23 2 Sx2 T o B W
D_lu_ E mw — o— ]_le [ al . S S
wo T
NaliaY) > n7V 3] o < ok ohy
mo I__ - Y = O_!e () X . - _ ol
N 175) < — LI — —_— L. o) T Y &
N = o o i 2 < . o x
- = ro= ol
( __N |_|_|A w = Mv mﬂrn.alu ) o Y X ml_ T ny o
Wi =S28Et T oy
TSR 8 SLgd” S Lo
Y— L o 5
3 8| ™ = o = 5o -
110 o ol = 572 @ . = oo ol
.ml — o | Jua n ° io,ol Iy o ~5
= | =< <0 o 3 V,7h_.V © o H
0 £ 2 S| o qT Ty = 7
. K - ol - O _ < o PRy
= 7] RO %u T = doTn_nu c o < ﬂ.mm./u 2 ;]oL cnw
D _H__-._ < T o eﬁal 5 | Wo m T & o o = ~
e | 10 I mrug rntgc : X - —_
—= — -
jor | fod | 0 ~ KO »n 3 3 B X = o B g g e e ]
.E e rj s ~ O
DH 2 o D %mm. = y B T N A § "= = o -
%o —_ —_— ~ = — —
& R = S | W,chm X g o .@7ﬂu. xﬂmu = I LS
KO | < » | o B A X F T e =
| D oL mo < 20 T E T oo 8o oy ° -~ ~o
o 30| =< Ul @ mmmwm T " g N . B on Ak X
= ._:N _ | of X  ©o° Lo = 0 o
—_ e 0 .__h_Ju _m %nr% oEEomﬂ Eﬁﬁ%&o]_au%qzlo O mo o _.#0
m U — oy = s | = = oo XX g =
H_L_H _)__._._ |_ MM . =T _% ﬂplio,ur .ﬂmﬁﬂ_.‘_ ,ﬂiomw_umﬂ o _ |
N T Il = © 1@_355ﬂﬂ AN - 13 <
__on_ S o o7 o T o i 5 o) Ho Ry
80 TR =) ar D 5 o %ﬂﬂ%ﬂ% r 7 ~ _
N 0. @.O Mﬂﬂ 3 TK MAM L rn o i~ 3 o = ,_AIMAE HAH " W ;O_I
) — R~ p— =
= | 80 < F ol woﬁbm;zawaqmy. z =
< B U %Mwﬁoal_fﬁmgwwg c) %
0 5 or CUNICH mE T ;a0 ° T X < o T mw1_. Mo N UAI.._
uNO nr = b3 A X do — = o} ,IJIUDHﬂ ) X
K| 3J F< < N 5 ro T T W =R T Z..*
0H o T oo do = %M =
L o nglﬂg_.mﬂd]oyo_cnsnﬁuaﬁ
H oo o T o e o P
o MI ,Mﬂui.nrcm.mﬁlmﬁﬂﬁ o)
° X ﬂ,l\uxrﬂ Fi [vinlira = ‘_ﬂﬁ )
X o X N U_\ﬂﬂul
. T E T ~ go ™ s Ao
A =T < B T AR
J s o LE Znﬁ " ﬁ_u X
~ i o .An_ Mﬂ
S~




	Ⅰ. 서론
	Ⅱ. 자료 및 분석방법
	A. 자료
	B. Cloud streets의 구조 및 발달 조건
	C. 분석방법

	Ⅲ. 분석결과 및 토의
	A. 기상개황
	B. 위성영상 분석
	D. RHI 분석
	E. CAPPI 및 수직 단면도 분석
	F. VAD 및 VVP 분석

	Ⅳ. 결론
	참고문헌
	부록

