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A Study on the Characteristics of Convective Activities related to
Atmospheric Stability Index and Thunderstorms over the Naro
Space Center
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Y Department of Environmental System Engineering, Chonnam National University, Yeosu 59626, Korea

Abstract

Successful launch requires state-of-the-art launch vehicle technology and constant test operations, However, the
meteorological threat to the launch vehicle flight trajectory is also an important factor for launch success. Atmospheric
stability above the Naro Space Center at the this time is very important, especially because the initial flight operation can
determine the success of the launch. Moreover, during the flight of launch vehicle with rapid pressure and thrust into the
atmosphere, convection activity in the atmosphere may create environmental conditions that cause severe weather threats such
as thunderstorms. Hence, studies of atmospheric instability characteristics over the Naro Space Center are a necessary part of
successful launch missions. Therefore, the main aims of this study were to (1) verify the atmospheric stability index and
convection activity characteristics over the Naro Space Center using radiosonde data observed from 2007 to 2018 by the Naro
Space Center, (2) analyze changes in the atmospheric stability index according to monthly and seasonal changes, and (3)
assess how the calculated atmospheric stability index is related to actual thunderstorm occurrence using statistical analysis.
Additionally, we aimed to investigate the atmospheric characteristics above the Naro Space Center through the distribution
chart of the atmospheric stability index during summer, when convection activity is highest. Finally, we assessed the
relationship between lightning occurrence and unstable atmospheric conditions, through predictability analysis performed
using the lightning observation data of the Korea Meteorological Administration.
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Fig. 1.

Table 1.

Comparison Observation of air temperature (top left), relative humidity (top right), wind speed (bottom left) and air
pressure (bottom right) between VAISALA RS-92 and GRAW DFM-06 on 12 December 2011.

Monthly number of Radiosonde launch at Naro Space Center during 2007-2018 (V: VAISALA, G: GRAW, J:
JINYANG)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Qty
2007 - - - - - - 1(V) 1(V) 4(V) 3(V)  20(V) 16(V) 50
2008 22(V)  19(V) - - - L(V)  23(V) 20(V) 23(V) 18(V) 13(V) 21(V) 160
2009 (V) 4(V) 2(V)  23(V)  26(V)  30(V) 32(V) 40(V) 2(V) 1(V) 8(V) 2(V) 177
2010 3(V) IV) 28(V) 20(V) 15(V) 16(V) 15(V)  9(V) (V) 1(V) 1(V) 4(V) 128
2011 1(V) 4(V) 1(V) 3(V) 2(V)  22(V)  200V)  22(V) 18(V) 13(V)  3(V) 9V) 118
2012 20(V)  10(V) - 16(V) 14(V)  3(V) 2(V) 3(V) (V) 13(V)  4V) - 86
2013 7(V) - - - 1(V) 6(V) - - - - - - 14
2014 - - - - - - 2(G) 5(G) 4(G) - 1(G) - 12
2015 1(G) - - 1(V) - 1(G) 3(G) 8(G) 5(G)  24(G) 22(G) - 65
2016 - - - - - - - - - - - 8(J) 8
2017 120)  12()  15() 1) 14y 11Q)  12(0)  12(0)  13()  13()  12(0)  12Q0) 149
2018 2(0)  120)  13() 1200)  12()  12Q) 13  13() 12() 11()  15(0) - 137
Total 85 70 59 86 84 102 123 133 89 102 99 72 1104
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2.2, 7] QPR AEHIH

2] @& BlfE S5t Ak E 7|9 e A=
Showalter Index (SSI), Lifted Index (LI), K Index,
Total Totals Index (TT), Humidity Index (HI), Deep
Convective Index (DCI) 12|32 SWEAT Index (STI)
olct.

2.2.1. Showalter Index (SSI)

Showalter Index(Showalter, 1953)= UHFA o7
850 hPax} 500 hPa2] EAJ-S 7|4t o & 5}, 850 hPa'd
O] 584 (LCL)oA 223 AAS &7 500
hPa A7} Tht 0] &%= TE 500 hPaH ] AA| 2% T
of| A w7k et

SSI= Ty — Tpam)z) (in C) (1)
SSI over 3 : Stable

59 - Hew - AT

SSI =3 to -3 : Moderately unstable
SSI=-4to -6 : Very unstable
SSI below -6 : Extremely unstable

o] 7] 4] Tso0- 500 hPate] AA| 2L 0]H, Tpucer>
850 hPat ] 4J5-5-2 1L =(LCL) o] 4] 3Pt A2
2} 2217} 500 hPai 1} whtz o] 2ot}

2.2.2, Lifted Index (L)

Lifted Index(Galway, 1956)+= 37| J A7} X FEHo]|
A et S W &e17F500 hPadh Tt o) 2=
©}500 hPaoj| 4] &] 1= Afo] o] Z}ol & 2746k tl] YRt
2 0 7 A= Aotk

LI= (T’)UO - T;)amel) (Zn OC) (2)
LI over O : Stable but weak convection possible for
LI=0-2

LI=0 to -2 : Moderately unstable
LI=-3to -5 : Very unstable
LI below -6 : Extremely unstable

2.2.3. K Index (KI)

K Index(George, 1960)= oS3 ajjokA Izt
9] PSS o) e 599} 195 Te}7] 9
A =] QL o, S5 o]t T 7] Zoll A E1H &
25 dot)7] 98] 3709 St 271 9] A2 E A
8-skaL Slck

K= (T850 - Tf)uo)"' Tdgs — ( Trg0— Tdmo) (in C)
©)

KI below 15 : Stable

KI 15 to 30 : Thunderstorm with heavy rain or
severe weather possible

KI over 30 : Better potential for thunderstorms
with heavy rain

KI = 40 : Best potential for thunderstorms with

very heavy rain

&1 7] A] Tsso2 850 hPa 2] AA|- 21, Tsp0-2>500 hPa 2]
AA| L&, TDgso->= 850 hPa 2] =25, T799-> 700 hPa
O] AR, TDgo> 700 hPa 2] 1 2ot}
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2.2.4. Total Totals Index (TT)

Total Totals Index (Miller, 1972)+= VT (Vertical
Totals)2} CT (Cross Totals) 2 -4 0] 1o VT+=
850 hPax} 500 hPa Alo|9] A& QP& EsHs}H,
CT=850 hPal] {2 =& 23551t Qch

TT= (T~ Tyoo)+ (Ttssy = Ti0) (€ C) (@)

TT =44 to 50 : Thunderstorms possible

TT =50 to 55 : Thunderstorms more likely,
possibly severe

KI =55 to 60 : Severe thunderstorms most likely

2.2.5. Humidity Index (HI)
Humidity Index (Litynska et al., 1976) += 850 hPa,
700 hPa 2 500 hPacl 4 o] Eakiyehe] 2 Liekick

HI= (Tsso - ngso)"‘ (Tmo - Tdmo)
+ (00 — Tdspg)) (in C) ®)
HI over 30 : Stable

HI=10 to 30 : Moderately unstable
HI=below 10 : Very unstable

2.2.6. Deep Convective Index (DCI)
Deep Convective Index (Barlow, J., 1993)= LI ¥

obU)2}850 hPacl A2] &0} £ ghe] AThe Ler
=

DCI= Ty + Tdgsy — Lifted Index (in C) (6)
DCI below 30 : Stable
DCI over 30: Better potential for thunderstorms

2.2.7. Severe Weather Index (SWEAT)
Severe Weather Index(Miller, 1972)+= Z &g Z3
T} BEYjo| =& dlidstr] f1gk X|a=o|th

SWEAT=20(TT—49) 4+ 12 Tdg, +
(W00 +2 WiSisy) +[125sin( WDy — WDys0)+2
(7
SWEAT = 150 to 300 : Slight severe thunderstorms
SWEAT over 300 : Potential for severe thunderstorms
SWEAT over 400 : Potential for tornadoes
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Table 2. Monthly average value of the stability indices calculated by radiosonde launch between July 2007 and November

2018
SSI KI LI TT HI DCI SWEAT
January 15.65 -21.89 18.42 18.87 56.54 -43.03 -146.03
February 14.56 -16.98 18.24 22.49 51.80 -38.99 -113.98
March 13.32 -6.76 16.04 26.27 41.00 -27.40 53.32
April 10.47 -1.55 11.56 30.51 47.49 -10.90 9.92
May 7.76 7.56 7.73 36.56 49.92 3.93 77.89
June 5.64 21.18%* 4.61 37.94 39.19 18.06 148.61
July 1.93* 29.73* 0.05%* 40.77 23.20* 32.75% 230.96*
August 3.58 23.35% 1.29 38.78 32.16 29.83 203.65*
September 7.18 13.04 5.05 33.97 41.41 17.13 136.79
October 12.34 -8.14 10.23 25.95 56.60 -8.95 -34.05
November 11.49 -7.62 11.47 28.64 51.83 -17.43 -51.17
December 14.06 -18.84 15.92 28.62 59.24 -33.79 -99.10

* Values exceeding unstable status among monthly average stability indices.
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calculated through Radiosonde launch of 1,104 times.

Frequency distribution of stability index between Showalter Indices (SSI, left) and Lifted Indices (LI, right)
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Table 3. The percentage and total average of summer season during the year that exceed the threshold of unstable conditions

between July 2007 and November 2018

SSI KI LI TT HI DCI SWEAT

2007 40% 18% 40% 0% 22% 67% 40%
2008 80% 62% 78% 68% 49% 87% 66%
2009 81% 74% 88% 55% 70% 100% 81%
2010 55% 37% 66% 39% 33% 77% 39%
2011 86% 74% 93% 85% 68% 95% 77%
2012 29% 17% 33% 14% 13% 100% 40%
2013 100% 67% - 0% 43% - 75%
2014 100% 88% 100% 100% 100% 100% 88%
2015 50% 35% 83% 38% 21% 80% 36%
2016 - - - - - - -

2017 100% 1% 100% 67% 52% 100% 64%
2018 59% 47% 67% 13% 36% 85% 53%
Total 71% 54% 75% 44% 46% 89% 60%
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Fig. 4. The number of summer season during the year that exceed the threshold of unstable conditions between July 2007

and November 2018.
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Fig. 5. Correlation between Stability Indices (SSI and LI, KI and SWEAT).
Table 4. The Contingency table for Skill Scores
Observation
Yes No
A B A+B
Yes .
Hit False alarms Forecast True
Forecast
No C D C+D
misses Correct rejects Forecast False
A+C B+D A+B+C+D

Observation True

Observation False Total Number

Table 5. Description of analysis factor for Skill Scores

Skill score Abbreviation Equation Best No.
Critical success index s S otan forecasii];itgr observed events) !
PR :
Probability of detection POD POD= — e Sa(o}ggzrm tion) 1
False alarm rate FAR FAR= 0 Z((J: z)lSSb:iZ:;zzbn) 0
Heidke skill score HSS HSS- e 1
True skill statistics TSS TSS= 1

Skill Statistics (TSS)©|™ 1 ZAi}= Table 52} Tt}
CSI19] H 9= 0~1, 1] 775 A3t o Hofm,
D(Correct rejects)S A5y  A(Hit), B(False
Alarm), C(Misses)S L33t} FBIQ] L= 0~, 19]
I 7hgLeE 4B o o]0, RE o Fige} P23
Ato] 9] Blgoltk. POD 2] ¥ 9):=0~1, 1o 775
45t of| Hojm, POD= Aol So] A5 gho] 57}
&h, false alarm2 EZ&F5}A] o=t} FARQ| H{l=

0~1, 00]] 7}7h&<2 23t of Wo|m, FARS Zh4o]
Zo] 45 gho] S7IRIth HSS 9| | fl= 1, 1] 7}

7hg4-2 Aokt o olni, 7] A0l HBhE HE A
M5 Eo] 7|25 Ik TSS | ¥ 1= HSS o} 5l

o, &) -1, 7SS 2 oW 0, 7|5
Ko 5.0 ZR8 7kt

Skill Scores =423} tf7] YL x|4=njr}
(AB.C.D)S0] Table 6] AAFE| L1, HA41 2 421 CSI,
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Fig. 6. Analysis results between stability indices and lightning observation calculated using Skill Score (1* row CSI

& FBI, 2" row POD & FAR, 3" row HSS & TSS).
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Table 6. Calculation of variables by stability indices for analysis of skill scores

SSI KI LI TT HI DCI SWEAT
A 187 284 185 81 225 154 265
B 61 205 54 49 203 39 149
C 228 129 230 334 189 260 150
D 628 486 635 640 487 651 540
Total 1104 1104 1104 1104 1104 1104 1104
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