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ABSTRACT

A Study of Hail Forecast by using
Atmospheric Stability Indices

Park, Kyeong—hun
Advisor : Prof. Ryu, Chan-su, Ph.D
Department of Atmospheric Science

Graduate School of Chosun University

Hail is a form of severe meso-scale meteorological phenomenon, which not
only causes extensive damage to property but also results in loss of life,
which is required to analyze a vast amount of meteorological data to
forecast hail and to provide a relative support, but the time to
accomplish the task is always |limited. Therefore, this study to
investigate the way to employ stability indices is accomplished, to
quickly and accurately forecast hail.

Hail was observed 105 times in the past 10 years(2005~2014) in Korea,
scrutinized temporal, spatial and statistical characteristics of each hail
occurrence. |t particularly focuses on Atmospheric stability indices, such
as SSI, LI, KI, TTI, CAPE, SRH, SWEAT and BRN, to assess conditions before
and after the occurrence of hail events.

In addition, it modifies the standard value of each stability index and
creates a new combination of those stability indices, to produce a more
accurate hail-forecast checklist. Moreover, it examines the application of
the Numerical Weather Prediction data in hail forecast by retrospectively
investigating 5 hail occurrences in 2015. As a results, it may demonstrate

the accuracy of the hail-forecast checklist using the Numerical Weather

- Vi -
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Prediction data, which is updated every 6-hours, as opposed to the
observatory data that is released every 12-hours.

In fact, SSI, TTI and SRH are recognized as the most accurate tools in
hail forecast, while SWEAT and BRN seem to be the least. As noted, those
stability indices were reexamined using the modified standard value. SSI
was derived from both 925~500hPa and 925~700hPa and the standard value is
set at less than +3, while LI was set at less than +3. At the same time,
Kl score of more than 20, TTIl score of more than 50, and CAPE and SRH
scores of more than O were set as the standard value. In fact, this
modification increases the accuracy of hail forecast by 15~43%.
Additionally, the combination of SSI and TTI scores (SSI-TTI) with the
modified standard values is found to produce the most accurate result.
Lastly, SRH score of more than 150 is also found to cause hail, especially
during January to March and October to December .

Based on above findings, the hail-forecast checklist is finally
produced. Then, it is verified that the Numerical Weather Prediction data
may also provide accurate hail forecast 6-12 hours prior to the actual
occurrence, when the retrospective study of 5 hail occurrences in 2015 was

conducted.

- viii -
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(Convective Available Potential Energy)O0l:2, O{J]0l SE I AXMNMSFO 2
HE LOtE2I] <IoH SRH(Storm Relative Helicity)= ZAMGIACH. D& EHO0IA
Hade SZHET0H= SWEAT(Severe WEAther Threat) Xl==2F BRN(Bulk
Richardson Number)Ol &iJl0 20l HstWel sounding AI2E  0|206t(
SWEATS2t BRN gt=2 EAGIACH. A0 018 AHEEX 2 o2

AFHNA g8t &0 &dle WEdls SE§=E2 FLOUHOIAA,

2014), O HE2 Us 2.

Jb) SSI(Showalter Stability Index)

SSI= 850hPa ST ZJ[JF HEHOZ 500hPa SEIMNA &sWS M
ofe SJ10t JtXle 252 500hPa SEEHUA =82 JI202 XAE X+==2 Lt
EbH 40ICH. HEHE AOIA 850nPall ASSZINTUHA sS&HEHs Met
Zectit 500hPaBt BtlbE Hol 2% (T)E 500hPatel &Ml I (Tso) Ol A
#OZ A& = ULt SSIE Aot SA2 Oteliet €0

SSI= Ty — T,

SSI= 850-500hPalil A & &0l EMGHALE SEE0l US Al REoHA =

otCt. SSI gtoll HE =& X2 JlE==2 st €.

Table 1. Standard Value for Showalter Stability Index and the Possibility to
accompany Thunderstorm.

Value Condition
1< < 3 Showers and .
a few thunderstorms likely
-3<SSI <1 Thunderstorms likely surge
-5 < SSI < -3 Severe thunderstorms likely
SSI < -5 Possibility that tornadoes occur
— 6 —
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LH) LI(Lifted Index)

LI= SSI9 otE M0 HMEB0| JAS B 0l 2246t floff S
UACH. LI SAl SSI2 Ot&IIXIZ CHEH o2 SI| 24X SHEEE HIote
XI=0ICt. Ll= 500hPadil Mol 2% (Tseo) 2t XIHE(Surface) SJ1UE HEHo=Z
500hPaltXl ASAIZRE M SHEASE 32 2&(T)Q Xtz &= &, LI
£ Jote 42 U3 0.

Li= Tys— T}

LI atol & 2HE &9 JI&E2 U3 2.

Table 2. Same as Table 1 except for Lifted-Index and the Possibility.
Value Condition

0~ -2 Thunderstorms likely weak

-3 ~-5 Thunderstorms likely usually

<-5 Thunderstorms likely strong
< -6 Tornado

CH) KI(K-Index)

George(1960)0fl 2lof JHZE K-Indexs & J|2ZEW Il S 0Iote
E0E QAE AHUGtE 20td XI£0ICt. Kl= 850hPalt 500nPall J|2XtJt 2
+=5, 850hPall L& R2TI =25, 700hPael =&EEIDIL S5 1 g0l
HEICH. Kl= 850hPa JI2(Teso) 2t 500hPa I (Tseo) KEOI 850hPa =& =&
(Tdgso), 700hPa =& 25 (Tdro) 2k 700hPa 2% (T X012 &2 P& 2= U
Ct. KIE Hote 42 s 20
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KI= (T850 - T’SOO ) + Td850 + (Td700 - T700)

KI g0l 2 StP T2 JIES LS 2L,

Table 3. Same as Table 1 except for K-Index and the Possibility.

Value Condition
KI > 25 Thunderstorms likely 40~60%
KI > 30 Thunderstorms likely 60~80%
KI > 35 Thunderstorms likely 80~90%
Thunderstorms likely almost
KI > 40
100% 100%

2t) TTI(Total Totals Index)

TTe YR &S HOGH)| st X2 M 197249 MillerOl 2loH Aot
CIRA20, Vertical Totals(VT)2t Cross Totals(CT)2 &2 FOECLH Ve
850hPa S| J|I=21 500hPa sl J|2 Xt0lL1, CT= 850hPa S&HO|
CEE2E2 500hPa s&Hel J|=2 XIOICH. TTIE Fote 42 U3l &2,

TTI gt0ll HE =tE X2 JI=2 Table 42 &L}.

TTI= (Tsso - Tsoo) + (Tdsso - Tsoo)

Table 4. Same as Table 1 except for Total Totals Index and the
Possibility.
Value Condition
TTI = 50 Strong thunderstorms likely that some
TTI = 52 Multicellular storms possibility
TTI = 56 Thunderstorm likely plenty
- g-
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OF) CAPE(Convective Available Potential Energy)

CAPE= ZJ1E01Jt =212 A0IXl 21 &SctH =9 JI120 &1 ez A
Se JtERE M, EH22 SetEs ZI|12010F 22 = Us 230U X
o 2§ JtsgtsS LS. CAPEE LFC(AIRURLE)MAM EL(BE DS )X &
StHEd ) d2==4d0| 0IF= 8= HEE ¢z FHiuXdl =
Ct. Ol &s232 Jisds UEUWsE A2 2 CAPE &0l 25 URIt O &
2GtCH. CAPEE dtt=ote Sa2 Usdt €.

af Tve BJ19012 2k, Tve F8 3712 Ji2kE
LIEFHHCH. CAPEJL & E(S3l, 2500J/kg 014f) <& Jtsd

0l 25 CAPE gtT =Ct. CAPE gt0il HE =2¢E T2 DI

1z

o
—

Ck.

Table 5. Standard Value of Convective Available Potential Energy and the
intensity of Convection.

Value Condition
300 ~ 1000 J/kg Weak convection
1000 ~ 2500 J/kg Medium convection
2500 ~ 5300 J/kg Strong convection

HF) SRH(Storm Relative Helicity)

O O HAIBH. s&dciEet HACZ 2A=E HEHHE 8 &0 20t
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N HAIgt = U otSEUA 4EE22Z HEo &5 HE6HW 22 2

A Wind ShearE Ittot)| 216t AtEstCh. =2
=3 HIEe =&XE
6

)2 st 20,

SRHS| At=Al D J|EgH(Table
3km

SRH:/ (v——c)wdz
sfe

Table 6. Standard Value for Storm Relative Helicity and the Possibility to
accompany Supercel | Storm.

Value Condition
<150 Supercell Storm Possible
150 ~ 299 Weak tornadoes a Supercell Storm Possible
300 ~ 449 Strong tornadoes a Supercell Storm Possible
450 = Very strong tornadoes a Supercell Storm Possible

AF) SWEAT(Severe WEAther Threat) XI==

SWEAT Xl=== 01 20| Mctoldl ol oHgst ot EX==0l
2

Ct. ot=(850hPa)el & ), otE NEZF2 zUS=%(850
500hPa Wind Speed) 212l I 015%(850-500hPa  ALOISl BHESl &&
Veering)S JtXILD HASHCH SWEAT= etEQl (4Rt 28 HHRE &6t

Flofl JHEEUSH &8 SZEO| HONUUA O & HEL

SWEATSl DIZ=3te OIZ0IM FEXOZ 28 2002 1 ASAD

BA
2

7)2 LSt 2L

SWEAT=20(TTI—49) 412 Tdgyy + (Vigy +2 Vg + (125sin (Dyyy — Dyyy) +0.2)

_10_
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Table 7. Same as Table 1 except for Severe WEAther Threat Index and the
Possibility.
Value Condition
=< 300 No likelihood of thunderstorm
300 ~ 400 Strong thunderstorm development
400 ~ 500 Strong thunderstorm & tornado development

OF) BRN(Bulk Richardson Number)

—

BRNZ H=E UHEFU

=2 NC=

0N

CAPEZ LIEH

A
T

= S Wind Shear2t2l HIE LiEHU=

UCH. BRNS| A=Al D1 Z=gH(Table 8)& L

4

A
—

H Hu

USM, Wind Shear= 3kmIFAIS

2t

fol

CAPE

BRN= _
0.5X U

Table 8. Standard Value for Bulk Richardson Number and the Possibility to

accompany Supercel | Storm.

Value Condition
<10 Severe weather likely low
Single Supercell Storm likel
15 ~ 35 gl SUperee Y
possible
50= Multiple Storm Possible
CHEEX BAE2 2 KE2 Y LU0 OHFE gt HlWotH JIEa
e IR E XTAtotd, HEERX+E BT ASotALH. Tablell HEAIE DI
FUSE 2AZ0M et ez 2uete XD JI=0 =Hol HEEX &

Collection @ chosun
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Table 9. Characteristics of Hail

in Korea.

Station Date gg% (Sclrzne) Thunderstorm
Gangneung Jul. 6, 2005 14:15 0.3 0
7 Oct. 11, 2006 12:45 0.5 @)
7 Apr. 21, 2007 20:50 0.5 0O
7 May 14, 2007 17:44 0
Daekwanryeong Jun. 5, 2006 12:30 0.5 0O
7 May. 28, 2007 16:38 0.5 0
7 Apr. 21, 2007 22:58 15 0O
7 Apr. 27, 2009 13:20
7 Mar. 20, 2013 07:10
7 May. 8, 2014 05:10
Donghae Nov. 25, 2008 15:52 0.7
" May. 26, 2009 15:45 15 0
7 Jun. 26, 2009 13:55 15 0
Sokcho Mar. 20, 2014 09:25 0.6
” Apr. 4, 2014 02:05 0.5
Youngwol Jun. 8, 2007 17:03 15 0
Wonju Apr. 25, 2013 16:55 0.5 O
Cheolwon Apr. 21, 2005 14:19 0.3
” May. 17, 2012 13:40 0.3 )
” Jun. 10, 2014 18:40 15 0
” Oct. 16, 2014 05:10 1.0 0
Chuncheon Jan. 12, 2006 20:30
” Jan. 13, 2006 00:15
” Apr. 19, 2006 02:50 1.2 0]
4 Apr. 20, 2006 02:40 O
4 Nov. 5, 2006 03:35 1.0 )
” Nov. 15, 2006 05:04 0.7 O
” Jun. 12, 2008 16:30 0.5 O
” Nov. 11, 2010 15:55 0.5 O
” May. 27, 2012 12:00 0.5 O
Dongducheon Jun. 14, 2005 17:07 1.0 0]
4 Mar. 28, 2007 14:20 0.5 )
” May. 19, 2008 15:50 0.6 O
” Oct. 17, 2009 06:35 0.8 O
4 Apr. 27, 2010 09:37 0.5 O
Suwon Jan. 12, 2006 16:50
4 Apr. 19, 2006 21:50 0.5 O
r Apr. 20, 2006 00:05 0.5 O
” Nov. 5, 2006 04:28 0.5 )
” Dec. 2, 2010 14:10 O
” Dec. 19, 2014 22:05
Icheon Dec. 25, 2009 12:45
” Jan. 27, 2010 15:10
4 Nov. 27, 2010 07:20

Collection @ chosun
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Table 9. (Cont'd 1)

Station Date 5{%96 (SéIZIS Thunderstorm
Paju Mar. 28, 2007 11:20 0.8 )
’ May. 29, 2007 07:30 1.0 )
’ Oct. 17, 2009 06:10 1.0 )
’ Apr. 23, 2010 14:45
Geochang Feb. 22, 2009 08:05
’ Mar. 23, 2010 01:55
’ Apr. 26, 2011 08:08 0.3 )
’ Feb. 3, 2013 18:50
7 Dec. 19, 2014 22:18
4 Dec. 20, 2014 02:18
Jinju Dec. 21, 2012 07:21
7 Dec. 28, 2012 02:41
” Dec. 11, 2013 08:28
4 Jan. 20, 2014 06:09
” Dec. 19, 2014 20:20
r Dec. 31, 2014 09:41
Changwon Jul. 29, 2007 15:25 1.0 0]
” Dec. 31, 2014 09:40
Gumi Feb. 22, 2009 08:50
Sangju Jan. 11, 2008 05:04
i’ Dec. 20, 2008 06:50
r Jan. 27, 2010 16:55
Andong Jul. 29, 2007 13:56 0.5 )
i’ Feb. 4, 2013 01:20
Pohang Mar. 19, 2007 12:34
” May. 18, 2007 16:33 0.7 )
¢ Jun. 8, 2007 17:50 12 0]
Uljin Mar. 19, 2007 07:42
i’ Jan. 11, 2008 04:45
” Mar. 10, 2010 05:30 1.0
r Dec. 7, 2010 16:35
r Feb. 27, 2011 03:20
’ May. 17, 2012 14:10
Gwangj Nov. 15, 2005 19:45 0.5
¢ Nov. 16, 2005 06:18 0.4
” Dec. 5, 2005 13:50
¢ Jan. 16, 2006 20:10 0.2
" Apr. 20, 2006 20:10
” Nov. 2, 2006 00:20 0.8

Collection @ chosun
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Table 9. (Cont'd 2)

Hour

Size

Station Date (LST) (cm) Thunderstorm
Gwangju Dec. 16, 2006 15:30 12
” Jan. 26, 2007 14:50 1.0
’ Jan. 28, 2007 16:20 0.5
4 Nov. 30, 2007 10:10
” Dec. 8, 2007 16:30
” Apr. 26, 2008 08:50 0.5 o]
” Dec. 3, 2008 07:45 0.4
” Dec. 13, 2008 16:40 0.8
” Mar. 23, 2009 21:15
7 Mar. 24, 2009 01:40
” Dec. 5, 2009 04:10 1.0 0]
’ Dec. 9, 2010 10:15
” Feb. 25, 2012 08:45
” Oct. 30, 2012 09:30 0.6
” Oct. 31, 2012 05:40
4 Nov. 1, 2012 09:40
r Nov. 6, 2012 23:20 0]
” Nov. 13, 2012 07:45
" Apr. 26, 2013 08:45
r Nov. 4, 2013 01:30 1.0
’ May. 8, 2014 12:52
” Jun. 12, 2014 14:05 0.5 0]
” Nov. 17, 2014 12:50 1.0
i’ Dec. 9, 2014 00:40 0.5
Daegu Mar. 31, 2007 07:35 2.0 0]
" Feb. 3, 2013 20:30
" Feb. 4, 2013 00:30
Daejeon Apr. 18, 2005 16:35 0.5 O
r Jan. 12, 2006 17:21
r Nov. 6, 2006 15:06
r Dec. 15, 2007 14:35
r May. 13, 2008 11:54 0.7 0]
Daejeon Dec. 21, 2012 08:07
” Nov. 17, 2013 00:54 0.5 )
r Jun. 12, 2014 15:25 1.0 0]

Collection @ chosun
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Table 9. (Cont'd 3)

Station Date 5{%% (SéIZIS Thunderstorm
Pusan Nov. 5, 2006 14:11 1.0 o)
Seoul Jan. 12, 2006 16:45
’ Mar. 28, 2007 11:45 0.5 0]
’ Nov. 27, 2010 06:10
’ Nov. 11, 2012 17:10
Ulsan Mar. 31, 2007 09:36 1.0 )
’ Feb. 11, 2010 00:07
’ Mar. 8, 2010 17:35
4 Apr. 18, 2011 12:45 O
Incheon Dec. 1, 2005 08:15 0.5
” Jan. 12, 2006 15:45
” Mar. 28, 2007 11:25 0.5
” Feb. 25, 2009 03:05
’ Dec. 19, 2014 19:45
Baengnyeongdo Nov. 28, 2005 11:58 0.7
4 Jan. 12, 2006 14:53
" Apr. 18, 2006 21:00 5.0 )
" Apr. 19, 2006 09:15 0.5 )
” Nov. 30, 2006 06:42
” Mar. 28, 2007 10:15 0.2 )
i’ May. 12, 2007 16:27 1.0 )
r Nov. 26, 2008 19:20 0.5
" Dec. 7, 2008 12:40 0.7
i’ Oct. 13, 2009 15:45 2.0 0]
" Apr. 28, 2010 07:55 0.5
” Nov. 11, 2010 13:40 1.5 )
” Oct. 15, 2011 16:15 0]
” Oct. 31, 2012 12:03
” Dec. 29, 2012 08:10
Mogpo Nov. 6, 2006 22:30 0.5 )
” Mar. 22, 2012 08:26
Wando Nov. 6, 2006 10:34
” Jan. 26, 2007 11:10 0.5
” May. 6, 2009 17:03 0]
Wando Mar. 22, 2012 10:10
Jindo Oct. 30, 2005 10:06 0.3
” Apr. 19, 2006 12:22 0.5

Collection @ chosun
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Table 9. (Cont'd 4)

Hour

Size

Station Date (LST) (cm) Thunderstorm
Jindo Nov. 6, 2006 09:57 0.4 o)
’ Jan. 6, 2007 01:23
Heuksando Jun. 27, 2006 09:40 0.5 @)
’ Nov. 4, 2006 05:41 0.6 )
Gochang Apr. 25, 2009 19:02
’ Dec. 5, 2009 09:59
’ Dec. 8, 2010 14:30
Gunsan Nov. 6, 2006 18:31 0.7 @)
’ Dec. 2, 2006 00:10 0.5 )
” Nov. 19, 2007 20:23 o]
Namwon May. 26, 2009 18:00 1.0 0]
Jeonju Nov. 6, 2006 21:57 0.3 o]
” Mar. 31, 2007 07:04 0.5 )
” Nov. 23, 2011 15:32 0.3
Gosan May. 13, 2008 17:40 0.5
’ Nov. 18, 2013 20:11
Seogwipo Jan. 4, 2010 10:30 0.3
Sungsan Dec. 31, 2014 12:09
Jeju Dec. 12, 2005 09:10 1.0 0]
4 Apr. 24, 2011 07:27 O
r Nov. 18, 2013 16:06 )
Cheonan Jun. 12, 2012 15:15 1.5 O
Boryeong Nov. 29, 2008 11:52
¢ Oct. 13, 2009 19:40 0.4 0]
¢ Jan. 2, 2010 05:14
” Nov. 29, 2010 00:50 15 )
" Feb. 3, 2013 16:40
Seosan Apr. 18, 2005 03:34 0.5 (0]
r Jun. 10, 2006 08:50 0.7 )
” Mar. 31, 2007 00:35 0.5 )
" Jan. 11, 2008 05:42
Cheongju Nov. 6, 2006 14:07 0.6 0]
“ Jun. 12, 2012 22:05 15 0]
Cheongju Nov. 13, 2012 14:10 0.5 0]
" Dec. 20, 2014 00:50
Chupungnyeong Jun. 8, 2007 17:36 15 0]
” May. 13, 2008 11:55 0.8 )

Collection @ chosun
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Thunderstorm

Size
(cm)
0.7
0.5

(LST)
15:55

Hour
18:13
11:15
08:35

Date
May. 26, 2009
Mar. 22, 2010
Nov. 11, 2006
Nov. 27, 2010

(Cont'd 5)

Station
Chungju

Chupungnyeorg

Table 9.
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Jejudo

Jeollado

Total hail occurrence

Chungcheongdo Gyeongsangdo
Provinces

1 except for Provinces.

B hail occurrence(0.2cm or more)
Gyeonggido

Gangwondo

Fig. 2. Same as Fig.
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the past 10 years (Monthly).
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Fig. 6. Total No. of Hail vs. No. of Hail/Small Hail Observations in the

past 10 years (Monthly).
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Fig. 7. No. of Hail Observations in the past 10 years (Seasonal).
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12. Examination of 5 Stability Indices.
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13. Values of Stability Indices during Hail Occurrence (Monthly).

Fig.

8
I3
=0

Gl

KH
<F
on
H

N3

R

il
<+

A
KO

oJ
oll

o
<
oll

-

ol
oF

9]

oI

)

o

p= )
1o

K0

14).

OLE UACHFig.

13

2F
BA

=

gtO0I04,

850-500hPa AtOl<

|2 48.6%2

JIEgt 0 0l

S0l M SSI

1052

513

1

HOHl
1000-500hPa AtOI2] g0l

o

|2 22.9%
1(34.3%) 2

5
|2 52.4%2

0l 2% 24

[
=

ol 0il

36

1

=
1o

Kk

ol
]
Kir
o

ol

==
S=

=]

25 55

&0l

1

-

Ol

A
(=]

, CAPE= JI&Egt 300 Ol

2710

ol
]

25 72312 68.6%2

&0l

2F
BA

o
= -

K

A DR

= =
= S

o

_33_

Collection @ chosun



=20 o
== _CI’_O:I Tlinl'

==
S=

50% LH2lC

]

SSIet TTI

AE AL
Dl

I
i

i0J
o
Ki0

x

53

H

0
£l

0l
Ly

ol
ol

1]
=)
il

0l
kil

I SRH2

ioll
K

O
ciLt SWEAT2F BRN Xl

oll
20

-

ol
ok

o

Rr

o

-

<0

2

0l

oJ

10% O] 8t

0l
et HEsd0l AHA

Il
Kir
0

3

KIr

o

gt
=

o
T

tHE 21 0N

AL}
O

21

KIr
gl

ol ol

p)

9]

pS|
A

Mo JASE X

=
[

ot olE "=

M
o~

HARNAME X2 2

M3

25t

=2t

X

OF

AANA

= 0d

Jeldd Kiek CAPE

KIr
gl

_

~NJ
)

nJ
=

=il

H 2l

0

01 H

d&X

ot

tiMde OE

=
IT

o
KIr
gl

TRV

o
T

0.2cm Ol &9
LIEFLH D
LIo

=2

2005E £ & 20148t

=
[a—

15

Fig.

ot

ol

(SWEAT2H BRN HI2!)

2F
BA

o]
S

KIet TTI

zet2 -2.630ICt.

o]
S

o]
S

102k SS12

2

zet2 +0.250110,

o]
S

1

=
1o

zgt0l 22 983.7, 661.92 CtA =

0L
kK

ill

3+

K0
ol

F

tHol1el

o

OF

H

ok

-

ol
ok

ilo]

00

11
<+

U
RO

ol

gl

[m]
o3
<+

ioll
040
Rr

RK

ol
73
KK

o]
R
Rr

00

or

Ulo

ot A Ct.

U= Table 1001 EHe

= A
= T

=0
—

152 LA

142t Fig.

Fig.

_34_

Collection @ chosun



160
140
710

Frequency(Da

W hail occurrence(0.2cm or more)

Percentage

48.6%

524%

68.6%

851(830-500)  LI(000-500) KI Tl CAPE SRH SWEAT BRN
Stability Index
Fig. 14. Investigating Stability Indices during Hail Occurrence.
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Fig. 15. Average Value for Stability Indices during Hail Occurrence.
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Average
+0.25
-2.63

29.1
53.3
983.7
661.9
than 10%

The fill rate is less

Fill rates
48.6%
22.9%
34.3%
52.4%
14.3%
68.6%
7.6%
9.5%

Reached
number
51/105
24/105
36/105
55/105
15/105
72/105
8/105
10/105

0
<
<

+3

Reference
26
50
300 =
150
300
15

Division

SSI(850-500)
L1(000-500)
TTI
CAPE
SRH
SWEAT
BRN

Index

Table 10. Examination of each Stability Index during Hail Occurrence.
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Fig. 16. SSI Standard Value Modification.
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Fig. 17. Average SS| Value with a modified Standard Values.
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Fig. 180llA LI(000~500nPa)2l &< JIEN JIES 0
SE =R 1052 S 24201 2FE0 22.%2 SHEES /0. ddU Dl
FEAS 43 0lat2 HZ(000-500hPa)Al21H A 1053
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LI(Lifted Index)
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Fig. 18. Same as Fig. 16 except for LI Standard Value Modification.
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Fig. 20. Same as Fig. 16 except for K| Standard Value Modification.
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Fig. 21. Same as Fig. 17 except for KI.
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Fig. 23. Same as Fig.
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Fig. 24. Same as Fig. 16 except for CAPE Standard Value Modification.
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Fig. 25. Same as Fig. 17 except for CAPE.

_44_

Collection @ chosun



16 except for SRH Standard Value Modification.
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Fig. 26. Same as Fig.
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17 except for SRH.
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Table 11. Stability Indices Combination (Without Standard Value
Modification).

Division Frequency Rate Reference '
of Hail event . (SSI : More than one third of the
Stable Inde 0.2cm=) (%) layer below +3)
SSI-LI 26/105 248 |-LI:0 =
SSI-KI 36/105 43 | -K:2 <
SSI-TTI 57/105 543 |- TIL: 50 <
SSI-CAPE 17/105 16.2 | - CAPE : 300 <
SSI-SRH 59/105 5.2 | -SRH : 150 <

Table 12. Stability Indices Combination (With Standard Value

Modification).

Division Frequency Rate Reference
of Hail event . SSI 1 layer below +3) Remark
Stable Index 0.2cm<) %) Ly
SSI-LI 47/105 44.8 -LI:43 = 20.0% A
SSI-KI 50/105 47.6 -KI:20 < 13.3% A
SSI-TTI 87/105 82.9 -TTI: 40 < 28.6% A
SSI-CAPE 58/105 55.2 -CAPE : 0 < 39.0% A
SSI-SRH 84/105 80.0 -SRH: 0 < 23.8% A
— 49 -
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NSNK 24€ XN2E 01860 22 1092 L2/Lictl 28 XA
0.2cm 0142l 28 105242 A0l HEE 4+ A= 29 M2 MIAAEES =
HotALCHFig.28).
SSI, LI, KI, TTL CAPE 57}X| &
7\1Eet 37HK] 0|4 S E
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v v
SSI+30[5l, Re..... NO ... = =
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v v
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v h 4 3
SRH | Hail ) | i
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Y
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0 o] &
NO YES
v

Fig. 28. Flow Chart of Hail-Forecast Checklist.
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Fig. 29. Skew T-log P diagram (Gwangju).
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Skew T - Log P DIAGRAM

RDAPS (UM 12km L70) 8

KoreaMeteorological Administration [ Gwangju (47156)
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Fig. 30. Skew T-log P diagram with the Numerical Weather Prediction Data
(Gwangju).
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Table 13. Observatory Data vs. Numerical Weather Prediction Data during
Hail Occurrence.

Hour o Content.analysis

Date Area (Stability index corresponding reference No., SSI-TTI
(15D Combine, SRH value)

-12Hour : 27 ©]3} SSI-TTI %%} %= SRH 150 o}
-6Hour : 270 ©]3}). SSI-TTI %3} %= SRH 150 o}l
-12Hour : PRI 714k 3570 el

-6Hour : 713k 3-57) 3lg. SSI-TTI =3 5=

-12Hour : 370 a2 SSI-TTI %3} %= SRH 150 o}
-6Hour : 7153k 471 aid SSI-TTI %3+ === SRH 208.
~12Hour : 57} 3l SSI-TTI =3 %= SRH 150 ©l3}
-6Hour : 470 3|2 SSI-TTI %3} %= SRH 150 ©J3}.
-12Hour : 47 319 SSI-TTI %3 %= SRH ¢S

-6Hour : 570 a2 SSI-TTI %% %= SRH 150 ©lsk
“12Hour : 2E 54 UERHR| ekg A4l dai=et Y
6Hour | 2= 54 UER}R| ekg Al dai=e} Y.
-12Hour : 17 & SSI-TTI =3} %Z SRH 150 o)’
-6Hour : 07H. SSI-TT1 =3$+ == SRH 150 ©]3}.

-12Hour : 27 g SSI-TTI %3+ %= SRH 150 o4k
—6Hour : 270 3" SSI-TTI %3} =& SRH 150 o)
-12Hour : B& B4 YA o3 A dadse} 5.
—6Hour : =& B4 YA o3 A dEdEe 5.
-12Hour : 07). SSI-TTI =%+ == SRH 150 o]

-6Hour : 17 &9 SSI-TTI %3t 5= SRH 150 o4
-12Hour : 07). SSI-TTI %3} %= SRH 150 o4k

~6Hour : 27 39 SSI-TTI 237} F=5 SRH 150 o1
-12Hour : 07). SSI-TTI %3} %= SRH 150 ©|3}

-6Hour : 07§. SSI-TT1 %% === SRH 150 ©]&}

-12Hour : 57}. SSI-TTI %3t %= SRH 150 ©|3HCAPE %=2).
-6Hour : 571. SSI-TTI %3+ %= SRH 150 ©]SKCAPE =9).
-12Hour : 57l SSI-TTI =3 55 SRH 150 ©|5HCAPE =).
-6Hour : 57, SSI-TTI =3 %= SRH 150 ©]3KCAPE #2).
-12Hour : 57l SSI-TTI =3 55 SRH 150 ©|SHCAPE =).
-6Hour : 57l SSI-TTL %3 55 SRH 150 ©]3HCAPE ).
-12Hour : 07). SSI-TTI =3} == SRH 150 o4

-6Hour : 07)]. SSI-TTI =%+ == SRH 150 ©)4h

-12Hour : B& 54 VYeRHA] g5 A gad=et 59
-6Hour : B& 54 JEREA] o A gadEet 59
-12Hour : B& 54 VYeRHA] g5 A gad=et 59
-6Hour : BE 54 JEREA o A gad st 59

Nov. 23, 2011 | 15~18 | Jeorju

May. 17, 2012 | 13~15 | Cheolwon

May. 27, 2012 | 12~14 | Gindem

Jun. 12, 2012 | 15~16 | Cheonan

Jun. 12, 2012 | 2223 | Cheongiu

Oct. 30, 2012 | 09~14 | Gwangu

Nov. 13, 2012 | 14~15 | Cheongu

Apr. 25, 2013 | 16~18 | Wonju

Nov. 4, 2013 | 01~10 | Gwangu

Nov. 17, 2013 | 00~02 | Degjeon

Mar. 20, 2014 | 09~13 | Sokcho

Apr. 4, 2014 | 0207 | Sokdo

Jun. 10, 2014 | 18~21 | Cheolwon

Jun. 12, 2014 | 14~16 | Gwangu

Jun. 12, 2014 | 1518 | Dagjeon

Oct. 16, 2014 | 0507 | Cheolwon

Nov. 17, 2014 | 12~24 | Gwangu

Dec. 9, 2014 | 00~08 | Gwangju
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Table 14. 2015 Hail Reports Seongsan.

Hour .
Date Area Diameter(cm)
(LSD
Jan. 1, 2015 0325~0405 Seongsan 0
Estimates adiabatic chart
Adiabatic chart by numerical models
for hail event day before 6 hours before 12 hours
21LST 31 03LST 1 03LST 1 06LST 1 03LST 1 06LST 1
Sl 20.0 19.8 187 176 182 19.0
(85-50) ' ) ) ' ) '
SSI
92-50) 19.8 19.6 18.3 17.4 17.9 18.7
SSI
(92-70) 4.6 3.1 8.2 8.6 7.2 7.0
LI
(00-50) 19.6 19.4 18.0 17.2 17.6 18.6
KI -31 -8 =21 -25 -21 -23
TTI 24 25 28 30 29 27
CAPE 27 34 23 13 16 5
SRH 259 643 451 437 495 451
| = 718 EEAS &g 07). SSI-TTL =% 8lle sls 1€.
Verific
-ation SRH %k 150 4 sl
results | i dEM=odA AA 034 AEF ALY FAR PR AdElolA
u _
SRH ko] 7]&=gk ol Eojxlo] g8t M Zy AFskat A FAKSL

Collection @ chosun
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Table 15. Same as Table 14 except for Jeju.

Hour .
Date Area Diameter(cm)
(LST)
Jan. 22, 2015 0211~0309 Jeju 0
Estimates adiabatic chart
Adiabatic chart by numerical models
for hail event day before 6 hours before 12 hours
21LST 21 03LST 22 03LST 22 06LST 22 03LST 22 06LST 22
SSI
(85-50) 6.5 4.7 1.7 5.2 7.0 5.7
SSI
(92-50) 6.9 5.7 6.6 51 5.9 54
SSI
(92-70) 2.6 2.8 0.5 1.0 0.9 1.1
LI
(00-50) 8.1 6.0 6.7 5.2 6.2 5.3
KI 11 17 12 20 11 20
TTI 48 52 46 51 47 50
CAPE 0 4 0 0 0 0
SRH 73 26 114 87 136 95
Verific | - SSI-TTI Z3tel] 3li=3=.
-ation | - 9 dEAENAE SSI-TTI 23 o] SRiEm, A4 GIHAEe} A=
results | FAFSHAl 2o%.
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Table 16. Same as Table 14 except for Pohang.

Hour .
Date Area Diameter(cm)
(LST)
Apr. 14, 2015 1313~1422 Pohang 0.5
Estimates adiabatic chart
Adiabatic chart by numerical models
for hail event day before 6 hours before 12 hours
09LST 14 21LST 14 12LST 14 15LST 14 12LST 14 15LST 14
SSI
(85-50) 5.0 -0.1 4.1 3.3 0.8 1.1
SSI
92-50) 7.7 0.5 5.3 2.0 2.4 0.6
SSI
92-70) 4.0 0.8 1.5 -0.7 1.5 0.5
LI
(00-50) 7.5 0.6 51 1.9 2.6 0.7
KI 21 20 21 21 12 24
TTI 49 59 50 53 56 57
CAPE 3 0 66 197 6 0
SRH 463 0 33 0 150 24
Verific | 718 BEAT 71E%k 270 o]s) SSI-TTI =&l aaE.
S| - o BRI AR SUSA SHTT 23] 3913,
-ation
SSIe} CAPE o] AAl Buoh 25 &4 RoFY UMA] X552 AAa
results _
2] v]=3k
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Table 17. Same as Table 14 except for Gwangju.

Hour .
Date Area Diameter(cm)
(LST)
Apr. 14, 2015 1423~1647 Gwangju 0.3

Adiabatic chart
for hail event day

Estimates adiabatic chart
by numerical models

before 6 hours

before 12 hours

09LST 14 15LST 14 121ST 14 | 15LST 14 | 12LST 14 | 15LST 14

SSI

(85.50) 7.9 3.3 7.2 3.3 6.9 2.2
SSI

(92-50) 6.3 2.7 5.2 3.2 5.0 1.8
SSI

(92-70) 3.5 1.3 0.9 1.6 0.9 0.6
LI

(00-50) 6.4 2.5 5.2 3.3 5.1 1.7
KI -2 23 9 10 11 20
TTI 45 54 45 53 46 55

CAPE 89 235 92 98 152 233
SRH 0 0 0 0 0 0

Verific | - SSI-TTI =&t s|g=.

-ation | - 9 BEAENAE SSI-TTI 23] SRIEH, A4 dIdXE A= 3k7}

results | A2l FARSHAl EojH.
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Table 18. Same as

Table 14 except

for Chuncheon.

Hour .
Date Area Diameter(cm)
(LST)
Jun. 13, 2015 1555~1720 Chuncheon 1.0
Estimates adiabatic chart
Adiabatic chart by numerical models
for hail event day before 6 hours before 12 hours
15LST 13 21LST 13 15LST 13 18LST 13 15LST 13 18LST 13
SSI
(85-50) 0.1 2.5 -4.7 -4.2 -4.6 -3.4
SSI
92-50) -4.6 0.1 -5.3 -5.3 -5.5 -5.6
SSI
92-70) -0.7 0.4 -1.1 -2.0 -2.0 -1.4
U 5.0 0.7 54 53 6.0 5.6
(00-50) ) ' ) ' ) '
KI 30 27 35 38 37 36
TTI 50 46 56 56 57 56
CAPE 1172 758 1075 922 1451 935
SRH 282 175 232 93 158 147
Verific | - 24F GEHAE 253k o] & 718 HHEAST 57l 25 Sldd
-ation | - 9 GEAZNAME 7|8 QA=A S 5 BF 714k .
results | SSI 850~500hPa #k< Al2Ig U =] Aksgh2 ALt ALY fAlsHA 24,
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