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ABSTRACT

A Study on the Characteristics of Heavy Rainfall on the
West Coast using a Wind Profiler

(Focused on Gunsan case analysis)

Hong Jong Su
Advisor : Prof. Ryu, Chan-Su, Ph.D.

Department of Atmospheric Science,

Graduate School of Chosun University

With the recent climate change, the frequency and intensity of heavy rainfall
has been increasing as times passes. In this regard, continuous research 1is
needed.

In this study, the case of more than 70 mm in daily rainfall that occurs in
Gunsan where a wind profiler was installed from June to September when high
frequency of heavy rainfall appears from the past five years(2009-2013) was
selected for analysis. Vertical characteristics were analyzed, using horizontal
wind, vertical wind, vertical wind shear and hodograph which were calculated
from wind profiler, along with an analysis for the prediction of heavy rainfall
using CAPE, SRH and SWEAT among stability indices.

The results of horizontal wind analysis showed that a low-level jet of 25 kts
exists at an altitude of less than 850 hPa in nine out of total of 10 cases,
thereby we can infer the fact that the rainfall varies depending on changes in
the height and range of the low-level jet. The vertical wind analysis identified
the start of rainfall and convention, and rainfall in concentrated from, and
confirmed that in case it develops into a convective from, the vertical wind

rises to near the area of 3 km before the start of rainfall. The analysis of the
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vertical wind shear found that the vertical wind shear becomes stronger at an
altitude of 1 km of less before the start of rainfall, and the strong mid-layer
vertical wind shear is distributed at the point of time when the rainfall is
concentrated. The characteristics of heavy rainfall according to wind direction
shear and wind speed shear were also identified by classifying the type of the
hodograph.

In the analysis of the stability index, it was difficult to predict the
concentrated time of heavy rainfall only with value greater than or equal to the
threshold in the case of CAPE which represent the thermal buoyancy energy.
However, it was possible th have an access to the concentrated time when
used in conjunction with SRH that displays a dynamical vorticity. As for
SWEAT, since the contents regarding upper-layer wind and thermal energy are
included in the calculation method, it was found to show a significant relevance
in the prediction of heavy rainfall.

A synoptic from and a locally vertical from were analysis by selecting the
case (12-13. August. 2012) which well represent the wind speed shear and wind
direction shear of the hodograph, changes in vertical wind shear of lower and
upper level, and vertical wind and low-level jet identified in all cases. A
comprehensive analysis was preformed by comparing the reanalyzed vertical
cross section using KLAPS data, with the data from wind profiler, and yielding
the stability index.

According to the results, change of low-level jet at the point of time when
the rainfall started and vertical change of concentrated rainfall time were
verified, and significant accessibility toward the concentrated time was

confirmed in case the stability index was substituted.

_Vi_
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Table 1. List of heavy rainfall cases more then 70 mm/day with maximum rainfall
and synoptic type.

Date Rainfaltl Magirfmﬁm Type
(year/month/day) ?rrrrllr?:}g) {rarlllrr; /ai,l) (Surface or 500hPa)
2009 JUN. 20 105.5 355 Cyclone
2009 JUL. 14 785 43 Changma front
2010 JUL. 23 186.5 81 Changma front
2010 AUG. 13 102 63 Cyclone
2010 AUG. 14 75 39 Cyclone
2011 JUL. 10 308.5 44 Changma front
2011 JUL. 24 715 42.5 mT boundary
2012 AUG. 13 251.8 63.9 Cyclone
2012 AUG. 30 160.6 26.9 Typhoon
2012 SEP. 17 80.2 9.6 Typhoon
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Fig. 3. Wind profiler and Radiosonde location.

(by KMA)
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Table 2. Same as Table 1 except for low-level jet observed and vertical
wind direction changed.

Date Rainfall Magirfmﬁm Low-level stritriglal
(year/month/day) ?fg&%g {fggﬁ,l) jet direction
changed

2009 JUN. 20 1055 355 LLJ veering
2009 JUL. 14 78.5 43 LLJ backing
2010 JUL. 23 186.5 81 LLJ veering
2010 AUG. 13 102 63 LLJ veering
2010 AUG. 14 75 39 LLJ backing
2011 JUL. 10 308.5 44 LLJ veering
2011 JUL. 24 715 42.5 : veering
2012 AUG. 13 251.8 63.9 LLJ veering
2012 AUG. 30 160.6 26.9 LLJ veering
2012 SEP. 17 80.2 9.6 LLJ veering
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B $alimst 45 km Uelelw, HEE e 49 AAHe Lol B
A

Aol wola Asugoviel Advigte] ARuAS HAes] ojhT wepa

= ATl s AHurEE ol &8ty AT E ol I S4& 4tk
h == R SN h B

o PRE st ¥FEL UFI dez o
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Table 3. Same as Table 1 except for vertical rise maximum height before the
start of rainfall.

Rainfall Maximum Vertical rise Maximum height
(year/month/day amount rainfall before the start of rainfall
) (mm/d) (mm/h) (km)

2009 JUN. 20 1055 355 less than 1.5

2009 JUL. 14 785 43 less than 1.5

2010 JUL. 23 186.5 81 less than 1.5 - 3

2010  AUG. 13 102 63 less than 1.5 - 3

2010 AUG. 14 75 39 less than 1.5 - 3

2011 JUL. 10 308.5 44 less than 1.5 - 3

2011 JUL. 24 715 42.5 less than 1.5 - 3

2012  AUG. 13 251.8 63.9 less than 1.5 - 3

2012 AUG. 30 160.6 26.9 less than 1.5 - 3

2012 SEP. 17 80.2 9.6 less than 15 - 3
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W pEEolEil An, AN AEeES oo W AgEo|wst A
Fo 712017 Hrk. 7@% AeRe uge OF AEug o ed A
e MRS FAANTOIAT L, 2007)

JR.Holton(2007)2 Wi H-9-7F oWdt St 29 83 7HA7] AsliA=
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sk e AARAolo = &g stlar, 4 km obef o] i dH-o A
Aol ghel wel e BRIk w3, A7 ok w10 ms Huk #
)= SAE FEHE 7HAW, AEAgEo] gal(ef 30%), T AEY dAAAo
0~20 ms )7} ¢S Wi gAE Fez dasiy, e AEE 308 YR
HE VAW 25 FHES F Aol H = gow, AAAE & A 5(
ms ' o) 2oz o]%d = A E(right-m
o] da A7 SojA= stARVE e dAdstes o3 2uiE AXE ¥R T
93 ¢ AP skEh gk, WM 23 E(2005)0] AtgE A A mbghAof
(Vertical Wind Shear, VMS)9} %5 Ao A, ZFA2 d shFolA st 7]
BES =Hde Kol Art WY AFdAM = aFol A 72d =7 oA
Uetu, F3olM = vhddste]l veva, A AxrF Y AlfdAE &5
ANA w=xo] TFolM= vhde] Yy g5 T35 dREtd =S 46

At

to X

(

3&84>H

oving storm)& 3] 0 3}3He]

& st FE e BWheAS Ay, FEFel AFHE AVl A
Hojo] FEE Helste] UFRAR 20 Fel b5 Bt 1 km ol
o ;oA @] 20 ms! ol ge] gho 3

[-40
o
>,
2
N
T
ul
T
rr
R
k1
il
.%
Q
=N
(@)
N
o
i
(0]

dEAAole By F5 PF A 9EzrRddd S48t fE 20109
% Z

A gt 75 AFE s /\13}‘5}M2‘11 A<

m °]t}
ek ALH 072 1 km olstol A A&HA 0w stF AAA 7L FrhgobAE b
2 559 7teAds ndetH, T3 7HA dAA7E HEsuH JFe 59 7
= 7% F s AR dAddn
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Table 4. Same as Table 1 except for rising time of low layer vertical wind shear
before the start of rainfall and maximum vertical wind shear in time maximum

rainfall.
Rising time of Maximum vertical
low layer vertical wind shear in time
Date Rainfall Maxirfmillm bet Win(%1 shear " maximum rainfall
amount rainfa efore the start o .
(year/month/day) | (11/q) | (mm/h) rainfall wind | opopy
(below 1.5 km, more | Shear (m)
than 20 ms ") (ms )
2009 JUN. 20 105.5 355 before 8 hours 22.6 2,868
2009 JUL. 14 785 43 before 7 hours 42.6 4,660
2010 JUL. 23 186.5 81 before 10 hours 61.5 2,868
2010 AUG. 13 102 63 35.1 2,581
2010 AUG. 14 75 39 before 5 hours 24.4 2,653
2011 JUL. 10 308.5 44 before 14 hours
2011 JUL. 24 71.5 42.5 before 14 hours 27.8 3,513
2012 AUG. 13 251.8 63.9 before 8 hours 42.4 3,011
2012 AUG. 30 160.6 26.9 before 6 hours 39 2,796
2012 SEP. 17 80.2 9.6 before 5 hours 28.1 574
g Zxag=
X @ Z(hodograph)©= 3§+ Ao AAvtxrE WHZ Yed F53 T A
ol% e Aol olw 7 mxme FFW L WEZ @ Aol ®AGL, ¥
Bl 4 g AHE n% #08 Addtel, EEd

ZePY 4% nhge 54 ¢ 5 vk
M7} ol FHAAE doh AR Wolm, 1 AATE AW AL
Gehle Re ohuehs el felsol k.

A EELYE FHE Fig 79 3 2ol 2 A A2 e
SEPEBIER PR ER R LA S
fds) Age sEaEs

A el WS Ztal, Al Flojxlom, o Aol FHojxl=A el

O

F 2ok

skZoll W A& FEFA7E
Adura o7 7] =M FdAol= A

X (straight-line hodograph)=

ENE R EX 2

5) AmEA T4, 2013, 7172 474, p.303.
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)

448 =18 Z(curved hodograph)
A7 e RO EZEA, AP dEd E sty a7 SR
Fefolvt. AdAEZE B fefM = A3 FEA o8
HE AQAEE S a8 =E 3 km L=7A wpe]

Hyt A o2 FHA N 7F 20~30 kts, & A
10 km AxolM = AMY sr=agzrt AujZ ol nighr|ol= 343 F7she

rr
ol
on
ol
=
o
ol
=
offf
otk
>
2
©
it
=
ol
2
offf

(a) (b) (c)

Fig. 7. Hodograph type. (a) straight-line hodograph, (b) curved hodograph, and
(¢) unorganized hodograph.
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Table 5. Same as Table 1 except for hodograph type.

. Maximum
Date Rainfall amount .
(year/month/day) (mm/d) {rar:rl'll‘lf/al’g HOdOgraph type
2009 JUN. 20 105.5 355 curved
2009 JUL. 14 785 43 curved
2010 JUL. 23 186.5 81 straight-line
2010 AUG. 13 102 63 curved
2010 AUG. 14 75 39 unorganized
2011 JUL. 10 308.5 44 unorganized
2011 JUL. 24 715 425 unorganized
2012 AUG. 13 251.8 63.9 curved
2012 AUG. 30 160.6 26.9 straight-line
2012 SEP. 17 80.2 9.6 straight-line
m ARE A5
Arzzstdelel 4 ugBEn ol FolA ] Wi YFES A thrle o5
Aol F2E A9 f5tel oAt B BEHE DN FREARE o] 43
of 7)o AAEE BH})
el

7] $1%+ CAPE(Convective Available Potential Energy)
= SWEAT(Severe Weather Threat index), 5%
Foto] 3 FAEe 7|0 SRH(Storm Relative

b

Sl %

CAPE+=

Z(Level of Free Convection, LFC)ol A
Level, EL)7HA 9] =X 3 FHHdE o] o
, CAPE+

Aot} =

SRR SR

= A5t

Ao Al 4 A9 gk o Azhe] WS Fske] 7]

AE XA X]—oﬂ

—

Fol AgEE Ao

F+= ¥ 1% (Equilibrium

ALkete] A= =2 FHiksk
Ao g}, & CAPE ghol

e N P P
g3ttt CAPEx= LFC 9ddlAl %

e 2 rgAelzt %
ernr B AudA dx LEdUAd waAT ®
2 © CAPE®] ge
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CAPE:R/ [T(p)— T,(p)ldlnp (4] 2)

91 (2 209 RE AZNANEGS, Prpe AFHFLE(LFC), Py ¥ %(EL),
T(p)E Fol7 719 solr F71dele 2%, T,(p)E FoI 719 shelA 2719
o] Fel £xolt},

SWEATE "1 FdolA 7] &8s ddstrz] |8 7kt 2ol 359 F&
, I E<¢FA (total totals index, TTI
Aoz ALkE E9r Aol thgoz nddEY

QL
o ol
2
[t
Hy
lo
[
=
off
I
.
)
R
T
N
o

ol
1
_ﬁ_
SWEAT=20(TTI—49) 412 Ty + (Vg +2 Vieso + [125sin (D55 — Dgsg) +0-2] (2] 3)

(A ANA Ty T ol aL, Vi@ Vigp> Z12F 500 hPa i1k} 850 hPa
axo] F&(kts)olth Dy Dyspe ZH2F 500 hPa 11%=¢} 850 hPa 1k F&F
el g&s  HEse At TTRE EYASFRA, TTI< 49014
TTI-49=022 @t} Ty <00]W, T =022 gt} g =7 Z 3} o4
o] wr&d wli= [125sin(Dyy, — Dgsy) +02] =0 o2 3t} D, 0l 210°~310°Y of,
Dyp©l 130°~250°% wl, Doy Dysy <0 D wl, Dyy@t D0l 242t 15 kts Bt} 2
S wol Age] A2 250~299%= H§ 7he, 300~4002 AFH¢ T,
400 o] Zd W Edle]x= Aol 7Hsatrt

= 2Eo oFe o dAom Jgold & Ut
A4 wEA S Fake] B AAYo] o= AEAA Y =
e Febe Aotk Ao SRHE AL AN 3 km AH e & 17
shat, EELUZ FolA A4 3 km Atele] 2E wAE g E} v
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filo
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AN

W2 o Hld sy, A ¥ -$AE(super cell storm)E FAAZ AHAQAA EE EY o]
=

= 7bsAe] AdEAE AAS Y] d BE AlEEH ¥ EAAZ(CAPE)E 7R
ol = w2 SRH @5 7 Al AlxH 5 FAAZE 4 7] wZol SRH
#S Fdst uf CAPES 1dde A% Fa3t
3km
SRH:/ (v—rc) s wdz (A 4)
sfe

9 (4 4) A v Aakel AA dgEE, o= 250 oF Wy, 22w (v—c)

5|
= 259 Ad v E (relative wind vector)o] 1, wE 4% <= E (horizontal

vorticity vector)©] t}.

SRHE xd¢3dl7] 93 dAGoZ 150~299% oF3t EYol=2 711 AhAE
¥9, 300~4502 drtH oz A3 Edo|RE 7H AUAMAE ¥H9 450 o]d o}
=

A BUol =g 7H AGAE = o]tk

Hes5 Al o7l Bk S AHEY] 9ste] KLAPSE o|&3te] sfdAzhe] &
A2 Skew-T chart ZASHE 3L, AL A 45 A6t EA8 9t KLAPSS
o] &3fo] EA kA Zg 2010 79 23U Ag it FFe] nF|GES A
A #ASH 259 Hi g o] g38le] 43t

Table 6 2009~2013 694 9¥Ate] A 7 70 mm oldd ¥ o A7t
e aga ddd HAd A E Aol

SWEAT®A ZA#, 2011d 7¢ 24 AHHE ALsta 2E A A dA S
250 o]d& HYom 2011d 7€ 249 Ak - Table 2914 3tFAE7L 4]
A 2 Abdlol7| &= Shut 2439 #E= VIFete] faATTodE 2 Aow
SRR

CAPEREA A= F 5319 AtelelA A 1,000 o4& Biew, 21 F
20129 8¢ 134& At 439 At#le] A9 1 mm o] A A& Alzke] 2009
9 79 1498 8A17F 20109 89 13¢2 7AIZE, 2010 8Y 14¥ & 5A%F 2011
79 2492 SAFMo R, g AEAZre]l e dFIH JFTEfolw, 11 F
2009 7€ 149 2 2010 8 2 T 250 o] Hof A &A
ol ApHor 1 Aor B

SRHEA A= ZF 10719 Abel F 6702 Abalol Al AAIGQ] 250 o]ds HAo
), 20129 8¢ 30¢ ¥ 2012 9€ 17¢ ®IF<9 A% 77 720 ¥ 1,0659 S H
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ATt

MY EASE M A @ A3 SWEATS 49 m2 §a4E o4 ugl
ol SWEAT®| A% olvu] Aitst wioq gZe] vty dAexe] o
Weol xFH Y] WEow AT EF A RS JEhiE CAPE
o ofstdel H4e YEh: SRHO A9E 45 ngdon Aeddd 155
S EQRA W dZd 2 Ego] @ Ao BudAn

Table 6. Same as Table 1 except for maximum stability index ( CAPE, SWEAT,

SRH ).

Date lzrag(r)lé?lltl I\/Irz)lgrll}r;ﬁn Maximum stability index
(vear/month/day) | (mm/d) | (mm/h) | CAPE SWEAT SRH
2009 JUN. 20 1055 355 43 468 598
2009 JUL. 14 785 43 1,432 424 465
2010 JUL. 23 186.5 81 780 273 121
2010  AUG. 13 102 63 1,713 432 381
2010  AUG. 14 75 39 2,268 337 146
2011 JUL. 10 308.5 44 809 415 238
2011 JUL. 24 715 425 1,439 243 69
2012 AUG. 13 251.8 63.9 2,746 441 188
2012 AUG. 30 160.6 26.9 353 358 720
2012 SEP. 17 80.2 9.6 154 309 1,065

— 1 8 —
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(a) (b)

RAIN (day] 2012.08.12.24:00 i RAIN (day] 2012.08.13.24:00 i

Fig. 8. Daily precipitation (a) 12, (b) 13, August 2012.
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Fig. 9. Hourly rainfall, from 09KST 12 to 12KST 13, August 2012.
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S ;’-‘4"’

P hawE R S
Fig. 11. Wether chart for 850 hPa (a, b), 700 hPa (c, d), 500 hPa (e, 1), and 300
hPa (g, h) from 00UTC 12 to 00UTC 13, August 2012.
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o BRI/ E4

Fig. 12 (a~0)¢%} Fig. 13 (a~HE EXY7|Zo|t}
Fig. 12 (a, b)¥] 850 hPa moisture fluxi= 12¥ 00UTC(a)ol] AajAdo =
o fqio] ZetH, =g dojx fEo] A2 & =
7} Bol& YElE Holil, 139 00UTC(b)ol= Aol Fetst 5719 74
L odefqto® o] Fdt= FE7E A E

Fig. 12 (c, d)¢] 850 hPa streamline and isotach(>25 kts)ol A, 12¥ 00UTC(c)<ll
= 25 kts o] o] Nk Rto] FESHA] Fou, Aajdom @A 7RIt
g, 139 00UTC(Dll = daldoz 25 kts +9o] #E3th 850 hPa
moisture flux$}t streamlines S&ste] sfA e, FA 7|7 o3 =579 &5

sHAReR HAFHY, e FFor bgrkd A7Y

5
o

o] FE FToR

of el #3718 FHSGOM, GRUE FHE WY @ o F ety Fae
A 3719 Pt AFAEY Fojo] st WME P o] R Ao BA
oAtk

Fig. 12 (e, D)°] 850 hPa 4357k 333 K ofde b dejdl wxsta,
339 K& FHAA7A] Fxste], mSesta &% &7|7F FRAY A st
a9l

Fig. 13 (a, b)¥ K-indexi= 35 ©|4¢ F9o] dite Fto] 9 x|5to] shute
g7] EAAE A3k Aoz FAHEG

Fig. 13 (c, d)¢] 80 hPa convergence and isotach(>25 kts)¢} Fig. 13(e, )¢
200 hPa divergence and isotach(>50 kts)oll A4, 129 00UTCol = 3}&2 82 A
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(b)

(a)

850hPa Moisture Flux

= ]0.1m/sec

S

"\\
it

BShF'a Streamline and Isotach(>25kts)

= ]10.1m/sec

850hPa Moisture Flux

[

(f)

BSPa rEt:;ui\.rale!'lt Potential Temperature(3 I:(}
850 hPa streamline and isotath(>25 kts) (c,

BShPa Sirealine and Isotach(>25kts)

(e)

850hPa Equivalent Potential Temperature(3K)

’

b)

d), and 850 hPa equivalent potential temperature(e

13, August 2012.

il

Fig. 12. 850 hPa moistture flux(a

f) from 00UTC 12 to 00UTC

’
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(c)

iy 1 o Y

200hPa Divergence(10E-6/sec) and Isotach(>50Kis)
Fig. 13. K-index(a, b), 850 hPa convergence and isotath(>25 kts)(c, d), and 200
hPa divergence and isotath(>50 kts)(e, f) from 00UTC 12 to 00UTC 13, August
2012.

\ )G
200hPa Divergence(10E-6/sec) and Isotach(>50kis)
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Fig. 14+ 2012 8¥ 12¢ 12UTC ¥ 23UTC7F#] g AlF 1A COMS

(Communication, Ocean and Meteorological Satellite) % A< YA IA

(enhanced infrared ray, EIR)©]t}.

12¢ 12UTC(a) w2t oF Aefdor 59 deo]l AsAa glow, 75 3k
.

257 50 C olst= wolxa glo] FEo] wdo] EAHEY. A4t AFHAA
129 14UTC(c) o]F o= +& =% 7F -70 T o3tz Yolxla o, HS
FTAFAA SAE PE R AT o] T = YFAE FEHZ Hslels EH5

1=}
9
welth 129 16UTC(e) o F #dsl $HL $%o% oFan WFow 5
X7k 45at] okatEE mol, Asjder thA ?—%01 wers ol 129
IBUTC(g) olFdle Asidel watd 78 dA7 33ae gaus Jez g
X

ARITEeE A A 20149 914
/b 45 C uoh W A% dFAEE Aostgon, dRAEE] Yo ¥

g ® olF Hh PE2EE 70 C AEE FAHDL FFAEst A9, & 5
Ao tiAlE Bek 5 499 B ofF HFAErt gs v waEdts 74
et fAE RS Bt
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25 o 2 s i g 25 o 20 s v

Fig. 14. Hourly imageries of COMS Enhanced IR from
August 2012.

25 s

12UTC to 23UTC 12,
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(a) (b) (c)

FOR P10 T 2012051721100 5 0 DR PPI0 T 201205172200 5 0 DR PPI0 T 2012051725100 5 0

S

S

DR PPI0 T Z012.05.15.00:00 0 FOR_FFID

S
(g)

FDR_FPPI0 ¢ 2012.05.15.05:00 5 n FDR_FPPI0 ¢ 2012.05.15.04:00 5 h FDR_FPPI0 ¢ 2012.05.15.05:00 5 n

S ‘ S

A A A
() (k) ()

DR P10 T Z012.05.15.06:00 5 0 DR P10 T Z012.05.15.07:00 5 0 DR P10 Z012.05.15.05:00 5 0

Fig. 15. Same as Fig. 14 except for radar reflectivity.
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3. R=EZ=RdHAR &4

7b. HutE

Fig. 162 20124 8¢9 12~13% gz zadelda] #25 Fgnte(a) A2 n}
H(b), A&l (c) R 22 AR A gk (d) ol

iz #AFATY A LEFA &
sdatA A&kt

Fig. 16 (a) 3 vt&ol A 129 09KST o] FH¥ 15 km HFo & F&o] 20 kts
olato 7 F7letn | 11KST o] % 25 ktsZ 718t A E7}) s, 4
7F A &E 7] 3 Az " el 20KSTell 0.5 km ©]8ke] oA Fdko) Ll
&, A7 A1 FE = 21KST o] 558 23KST Abelol= 05 km ©]&t7bA 25 kts
2 FHo] FUkskH, A AR Aol WskeE 21KST 0 mm, 22KST 0.2
mm, 23KST 55 mm 2, st3AES] 1% Wslel A7t Zae] Frhshe AlA
s A EAT B9 AREE Aol 615 mmE HE = 139 01KST
o] Fo = FFA TY Zb TR WEE Holw, £Hsts JH
g Btk A7t Aol 261mmE HAE7] AlFeE 04KST o] % 71:77F A
2 BA R Rsteln o] o] fhAdhe AoR A HAA, A AT
o] 54 mm & #AH7] AZehE 07TKST ol 3o A5 T30 A~&
stslm F4 % 10 kts o]st= FFAskoh
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(a) (b)

Ak E Ea
e ‘ HR Sur

Fig. 18. Altitude(36.0°N)-Longitude cross section of temperature(green line),
wind(vector arrow), and equivalent potential temperature(orange line with

shading) at (a) 11UTC, (b) 15UTC, (c) 19UTC, and (d) 15UTC, 12 August
2012.
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(d)

AKLAPS TineE

Fig. 19. Same as Fig. 18 except for omega ( blue line with shading), divergence
(green line), and vertical circulation (orange line).
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