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Aviation Convective Index for Deep Convective Area using the Global Unified
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Part 2. Seasonal Optimization and Case Studies
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Abstract We developed the Aviation Convective Index (ACI) for predicting deep convective
area using the operational global Numerical Weather Prediction model of the Korea Meteorolog-
ical Administration. Seasonally optimized ACI (4Cls,,) was developed to consider seasonal
variabilities on deep convections in Korea. Yearly optimized ACI (ACly,,,) in Part 1 showed
that seasonally averaged values of Area Under the ROC Curve (AUC) and True Skill Statistics
(TSS) were decreased by 0.420% and 5.797%, respectively, due to the significant degradation in
winter season. In Part 2, we developed new membership function (MF) and weight combination
of input variables in the ACI algorithm, which were optimized in each season. Finally, the sea-
sonally optimized ACI (4Cls,q,,) showed better performance skills with the significant improve-
ments in AUC and TSS by 0.983% and 25.641% respectively, compared with those from the
ACly,0p. To confirm the improvements in new algorithm, we also conducted two case studies in
winter and spring with observed Convectively-Induced Turbulence (CIT) events from the air-
craft data. In these cases, the 4Cls,q,, predicted a better spatial distribution and intensity of deep
convection. Enhancements in the forecast fields from the ACly,, to AClIs,y in the selected
cases explained well the changes in overall performance skills of the probability of detection for
both “yes” and “no” occurrences of deep convection during 1-yr period of the data. These
results imply that the ACI forecast should be optimized seasonally to take into account the vari-
abilities in the background conditions for deep convections in Korea.
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& A ©@ed] s WA R ole

F2 A3 EF(Convectively-Induced Turbulence,
CIT), theHZE, 2 5 thet o7 S BAAI7]
o 28ER &3] &8 AYS FHte d
A e giFel gk @] B 5] d52 254
olt}. o] & fI8ll, A-AF+ HEFE XY FEIA T
S TRl e = 9 olst AEE S dS
dh= A7 ol XdgEo] vk iFA o2 YE
gk ol g} g, 2e]al S EA e 2l o
FE =371 93] World Area Forecast System
Cumulonimbus (WAFS Cb; ICAO, 2012)2} Ensemble
Prediction of Oceanic Convection Hazards (EPOCH)
(Melling et al., 2019)°] /FE=ACE F o5 A]2H)
S AAF A HRES Agste] 7hzF AP 84 18
I FEEA = A4S AFs] Wi He FY
o Hol] g3 olt}, Wk olue}, S| Ao g whgst
= UF A&"E d=3517] 98], High-Resolution
Rapid Refresh (HRRR) = Weather Research and
Forecasting (WRF)2} 722 373]/°4=9] Convection-
Allowing Models (CAMs)7} 2=z 02 2857 Q)
o dE RAES 79 S E7T 4km olste]7] of
ol A Brst WekE AT H871 glo] o=
gk EES gld & doke Aol Ao e
BAEL FAZA 71 @S dS5ste dl oA
=T A7 A RAREY o 52 o5 45S
Zk7] W), ¥ ek olue}l 9k g R
ol3te] BEMlo|=E d 53t AFHoR &8I
$1thH(Sobash et al., 2011; Sobash et al., 2016; Wendt
et al., 2016).

&5 s A7) Slaixe diFe #dEE A
T 2 HFES &8afof gt o] f38l, A2 dF
o E84 EAS F T F de S AFE
o] MEEo] gfom, A AFE MY AT+E 2F
sto] kst ATollA o5 &85ka Ut tiEF
o2 85 AFE K-Index (George, 1960; Charba,
1977), Showalter Index (Showalter, 1953), Lifted Index
(Galway, 1956), Total Totals (Miller, 1967) 5°] 1.
o, F AFES 7| EH R 7)o ERMIEE 9
n gt Rk ofue}, ek o] 25 Hig o R w7t
WS BEate] AT v Alo] B R oF{E
712 3183t Severe Weather Threat Index (Miller,
1975)% 7N2= 2Tt Haklander and Delden (2003)ll
M e ATES 2Fste] F 3209 w9 #-
AFEY dF deg vlasglnt. Eyk ol ol
g AFEL B4 Bd 79 &F oS 7)s fEel
%= &89 8} 9JthReap and Foster, 1979; Schmeits

Sh=17)48ks 7] A133E 535 (2023)

et al., 2008; Slangen and Schmeits, 2009; Simon et
al., 2018).

g&F @42 Aoz Qs 7HA A<, v-=<E =
A, aga BT s4e) e BaFe golom
Q] wAgith g, B4 X Yo] zhe Afe]
S48 tiFe A 2 wg 3go] F23 98-S
st} 2B shix FHd HAEE 42 URE
FHH O R &3] fJEME ke A d S THL
2 e HAsME o & 7]eo] Qe olE 4
3, B Ao HE 19Me e E £33 ¥t 2
TG Aol st Z42 UF A3 &8E F U=

MZL o= X4l Aviation Convective Index (ACI)
£ AAEReH, 119 g7k tiE HAst H8S
At ald Ages =l dY FAGREY
Z el 53 Zd(Unified Model) 71RFe] AR+
of 2 29 (Global Data Assimilation and Prediction
System, GDAPS)E AHg-3te] /W= Ao, oS A
T2 gold #3 AR 41EE 15dBZ o=
A% (15 dBZ Echo Top Height, ©1&} 15 dBZ ETH)
3l AFHA. ACIE HA|-2 2 (Fuzzy-logic) &
g5 B3l A= b2 Y HFE shiy A%
1 o2 ®WgtE o] AIEHT. o714 Y BFR
e dfe] 23 548 2 ddste i
& ZA o] (Convective Available Potential Energy,
CAPE), 74 7}4%(Accumulated Precipitation, APCP),
T3]3 J8F Au)l BAEF(Outgoing Longwave Radiation,
OLR)°] AHEHI9T). olejat ML 2zte] w4l
SF=(Membership Function, MF)E %3} 03} 1 A}o]2]
Azl groe MaE ¥, 54 45 23 a (CAPE),
B (APCP), y (OLR)[Z &3l 7} H+t =o ACIZ
AL obA 7] Aie Y 9 A5 AEet
ACI AR W2l tigh A A2 ok 194
THEAL Sl

o (o SR

N

E 19M = A2 227 B4 334 (Receiver Operating
Characteristics curve, ROC curve) £4]2 E3|| Area
Under the Curve (AUC)2] HUgHS 71502 2021,
I 7170l o3t 22 e] 713 29 (a= 045, £=0.05,
7=0.50)2 AA3ATE 9714, ROC F4E& o|F&
Probability Of Detection (PODY)S} Probability Of
False Detection (POFD)= T+ FAIX|ol AM&-5= ZAx2};
TE Al 5371 918l 15 dBZ ETH7} Hlaie
(Flight Level, FL) 0 @& Ao tiafiA] ALb=] A
oho1d 717kl tigk A9 VA 23 FEl A
AE ACT UCLygye BLF 7HEXE A &3 ACK
(ACLyop) BT BAXCE B & oS 455 A



o} AA A= 717 HiE AUCE 7]129] 0717904 &
A3l o] 0.729Z 1.67% =AU Erl o,
B+ True Skill Statistics (TSS)= HA3t 4L &
3l 0.238014 0.248%, 712 thH] 420%2] +4E 2
F}= BTk
O Gl ofye} o)9f dE WMyEe] A
AE g RixE A wet wi9- tE2A vepdth
(Chuda and Niino, 2005; K. Riemann-Campe et al.,
2009' Poreba et al., 2022; Hu et al., 2023). Z8|2Z
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oz AolEl MFER AlXteE 7] wjiZol, Al &
= MF3 7Hgx] 232 A48 dart Qi 2 o
T2 JE 204 A e 137 A8 76 F

(a) DJF
1.0 1 |
0.8 -
06 -
>
(=)
O | .
a E /
04 4 3 e NoOpt (+06h) : 0.816 [~
| P —— YrOpt (+06h) : 0.769 |
[ i // ------- NoOpt (+24h) : 0.811
02 | 4 y YrOpt (+24h) : 0.773 |
{ S e NoOpt (+42h) : 0.739

——— YrOpt (+42h): 0.712 |

PODY

g NoOpt (+06h) : 0.721 |

4 —— YrOpt (+06h) : 0.728

0.2 -
A — NoOpt (+42h) : 0.659

P S— NoOpt (+24h) : 0.691 |
. —— YrOpt (+24h) : 0.698 |

—— YrOpt (+42h) : 0.661 |

0.0 0.2 0.4 0.6 0.8 1.0

POFD

papo-a 533
3kl A S A, ALE FH sl o
g deAs s 9 Aok Beh AR 543}
B ACIH o2 452 Teta] 9l BAF W
T AR AR o, Al B E B A
BA Ae= sl

2. 2|55} W E
2.1 192 X2 7|8 2 Xsto] §HA|

M AT AA™E 1d 7

7l o5 A=5HHAU
% 9%

9} TSSE FAlel J7MA7IHA d&F F5S A
Ak ST Oif R ADUL A5 Y5E
oFgt J a7t it ol S5l dlS 717l WE ACLv,op

9’]’ AC]Y,()p,-‘q ROC curve % %712}01 O]ﬂ{l A]Xél.ﬂaii
)-

o] Abw B Qkth(Fig. 1

PODY

PODY

0.8

0.6

0.4

0.2

0.0

0.8

0.6

0.4

0.2

0.0

(b) MAM

g NoOpt (+06h) : 0.711 -
/ —— YrOpt (+06h) : 0.709 |
¥ A NoOpt (+24h) : 0.665 |

4 YrOpt (+24h) : 0.668 |

------- NoOpt (+42h) : 0.625
—— YrOpt (+42h) : 0.637 |

T T

0.2 0.4 0.6 0.8 1.0

POFD

g NoOpt (+06h) : 0.762 |

P —— YrOpt (+06h) : 0.768 |
V- NoOpt (+24h) : 0.739 |
/ — YrOpt (+24h) : 0.751 |_
....... NoOpt (+42h) : 0.703 |
—— YrOpt (+42h) : 0.720 |

T T

0.2 0.4 0.6 0.8 1.0

POFD

Fig. 1. ROC curves of ACly,0 (dashed line) and ACIyy (solid line) of 6-hour (black), 24-hour (red), and 42-hour (blue)
forecast in (a) DJF, (b) MAM, (c) JJA, and (d) SON. The circle, triangle, and square marker indicate the ACI of 0.25, 0.50, and

0.75, respectively.
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Table 1. Total number of grids where convection with reflectivity over 15 dBZ is observed in radar.

DJF MAM JJA SON Total
Observation (n) 181,797 324,186 423,795 306,471 1,236,249
Percentage (%) 14.71 26.22 34.228 24.79 -

Table 2. Forecast period averaged AUC and TSS of ACly,0, and AClyq, with rate of change in each season.

Seasons DIJF MAM JJA SON Average

ACIyoopt 0.780 0.662 0.684 0.732 0.715

AUC ACIyop 0.746 0.668 0.690 0.744 0.712
Percentage -4.359% +0.906% +0.877% +1.639% —-0.420%

ACInyop 0.212 0.164 0.209 0.245 0.207

TSS ACIyrop 0.145 0.167 0.211 0.256 0.195
Percentage -31.604% +1.829% +0.957% +4.490% -5.797%

4, 183 24(DIF), 2382 3~549(MAM), 5322
6~84(JJA), 28]3 7FHE L 9~11YSON)E g2 5]
Atk ALE AL R A-dA = 71E9
ACLyo0p Tt ACIy,0,21 Z410] AF o2 o 2= 4
To =z ggEe] Aol PdE B HoEt 3§t
AWk o37]14 F23 HL DIF 717l ACI,0,2) <l
= Adeol 238 dAA AstEHATE Aol
ACLy,0p2] 6XI7F, 24417, 42X7F oS 7]7ke] gk
AUCE 0.816, 0.811, L& 3L 0.739%] WA, ACy0,2)
AUCE Z+Z} 0.769, 0.733, 222 0.712% ¢ 3A|
EdEat Sel=1

DIF 717bllA ek 13 2k5 HA3ste] 237} g &
S H3 olf&E 3T A7 S diF 2§
of & o] Uk F7|7ke gk HH 9 7kEA|
e Ada A glo] AA 717k thE dHFE
Z3h= 9 fElEies A" ageE A3d
& Y H=rt 2 B4 Al-dA = HHF)

dho] glth, Aol A8 ETH &
el A 15dBZ ©1/e] dF7F A5E AA AR
AEEZ B3] BT Table 1). DIF, MAM, JJA,
Z22]3 SON 717k g7t BAS Ax+= 181,797
7N, 324,1867, 423,7957W, 306471712, T2 AL}
H xS of DIF A71¢] #5 F= & A4 gy
ek Ak Aeglom AA A= ¢ 13 14.71%
Ak =& AE ugt AEE A dEREE o
= A= 7] dEd, 93] Ui 9 Y
off me} AFPHo=z HAsle] gyt Frkeke A2
ofUth. SHAWF 54 AlEe] w9 w2 tiF A vl
e oo} #HEE oF W e 9 Bk ES o
e AL gushy] wiZel 1d 717+S dide =z 7}
X2 A3t AY MFE T35 FH A olg
st AEAH BAo] aEEE 9 At ok

Sh=71748k3] 7] AI33¢ 55 (2023)

DIFE A &gt BE A-ANA ACI,,0 A oS5
717kl digk A AUCE 7189 ACIy,0,%F Blast
o] B% Z713FtH(Table 2). MAMZ JJIA 7]7kell&
712 Y] 0.906%, 2T 0.877% FFEAeH, &
3] SON 9] 7% 1.639%7} =T}, TSS %= 3
F AEoA ZHzt 1.829%, 0.957%, 123 4.490%°]
PSS Bt A9 DIF 71748 A, 3 AUC
o} TSSO] WH3l&S ZH7; —4.359%9F —31.604%% &
Tl 3A AT RS & ¢ AT o2 Qs A
A Ade] 3k HE AUCS TSSES Hlws] e
L3819 71 A o|% faste AHE B
o} =, A= (& el 3 =HAA
gk, DIF 717kl & Z9] A5 Atz s AA Ad
Hit & e 2318 #astdn) ojZle] A-da
wel 2 NiE g ko] BEAo] AA A= U

= AFE 19 99
717kl disl HA3 P& W Yehs SHAlolH, Al
A HEAS a#ste] ACIE Mestal A et
AZ3Nok sl o)folth
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22 AY #™a}
Shhze] 79 ol g ol BejPY 2
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= @ B2 Gl #3571
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£ 4oz BUT AR el g Bt o}
vzh, 52l 5 aIga SHEd a1k o
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Fig. 2. Variability on seasonal MF (CAPE, APCP; 16~ 99%, OLR; 1% ~ —10).

Table 3. Coefficients of MF coefficients in each season.

Coefficients of Membership Function, MF(x) = a + bx + cx* + dx® + ex* + f&° + gx® + hx”

Seasons  Variables
a b c d e f g h
CAPE -0.903  0.084 -0.002 32x10°  =3.0x107 15x107 —3.0x107"2
DIF  APCP —-0.020 2298 -3.050 2311 -1.003 0.247 —0.032 0.002
OLR -523.7  15.05 -0.17 0.001 26x10° 26x10° 72x10"°
CAPE —0.646 0.030 -29x10" 16x10°% -52x10° 89x107"* —6.1x107" -
MAM  APCP 0.018  0.709 -0.324 0.087 -0.013 0.001 -3.0x 107 -
OLR 1164  —44.41 0.701 -0.006 27x10° -68x10°  7.0x107" -
CAPE -0.765 0.006 -12x10° 18x10% —20x10" 12x10" -=3.1x10"® -
JJA APCP -0296 0.574 -0.143 0.021 -0.002 80x10° -15x107° -
OLR 1662  —5.62 0.08 -0.001 1.8x10° -28x107 99x10™" -
CAPE -0.813 0.022 -1.0x10° 52x107 -1.1x10° 1.1x10"* —48x107'¢ -
SON  APCP —0.069 0.842 -0.382 0.100 -0.014 0.001 -3.1x107 -
OLR 3239 -11.70 0.175 —0.001 60x10° -14x10% 14x10"

(Doswell, 1987; Schultz and Schumacher, 1999). ©]&]
3 R/ AdZ EAL ACIE 4 HEES AAE
¥ g5 1z EyxoMx g yehdohFig 2). slT
gL 7 MFo] AoEe ¥ ¥WHE ek
CAPES} APCPO] 913 Wel= A 717l 53] WL
=A Yelgtth ol dlF 54 wet F "y 25
AEHoE et A3 WIS BAs7] o))
Wl DJF 717belle T2 7)17k) Hls) Anizow
o $- ke 7kS ®With OLRE AS, AldEE 93
HeE vie Fog YepgA N Agk diF7F Wi
g JJA we] WHelE 7P W kel f1XE] Ut
o|AF dlF WRF ofug} o]e} AHH Y WHFER
Ade]| WE = 2 Nre] 3ol =A eERd)
2 AorE= olgfet 9 HFEe] AEA WA
< FEste] ACI A&l AMEE= MFE 7 A
2 T30 tH(Table 3). MFS A o8l WS glE
1o kA3 A E o] At o] ACIN(}()pI% AClyop
o AFEE M MFEL B5 63 W20 = o]Fo]

#] 9lth. &A%k DIF 717kl i3k APCP2] MF2 6
2 Aoz AHolslls wl, W HEY W 2
Tl A CDF9F & 2] k= 1L 391513 th(Fig.
3). 2 AFelME o Aug 73 37142 2o v
AE T AEE MEpope BEHCE 2 gromA
Aoz it Al 2XHRoot Mean Square Error,
RMSE)® %ok 721 A2 o2 A o)ttt
AMER F5E 7} WEe] MFe He7E 27
witell, ZE 717k 59 7eAE A8A1E F §l
th ol& sldsl] fldl, AdEE e vkeA 2%
o g AUC %S Hlaste] 2 Al7]el] sk 224
VA 2% A8 sATH(Table 4). AAIS] LshH,
TE 194 HA 19 7|7k s HA8 49 T
A5 WS ARESt, 54 717 vl BRE 7HeA|
Z3tol] 3 AUC HES ¥wsle] o g zhe
z29E A 7R 2¥er oSk SvlE
Az Adnitt H AUCE zte A5 282 b=
Al Yebstth. DIF A]7]9lE CAPESF OLRE] 7153
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Fig. 3. Cumulative distribution of Accumulated Precipitation
(APCP) between +1 standard deviation and 99" percentile
value in DJF. The blue and black line indicate the 7" and 6"-
order polynomial function with formula below. The Root
Mean Square Error (RMSE) of each polynomial function is
also noted.

Table 4. Optimized weighting coefficients in each season.

Weighting coefficient
@ B Y
DJF 0.20 0.70 0.10
MAM 0.50 0.15 0.35
JJA 0.25 0.20 0.55
SON 0.15 0.25 0.60

7b A3 APCPE w9 £2 7FEAE Zheth W,
MAM ®i= CAPE®] HlZFo] T ¥3t2m, JJASH SON
A7le= OLRY =& 7127} &9H ) o8
g A3ke AUCERE SAIAS 54 9 AgE =Y
of AR A ¥ R Este] A wsAdd
o] Ay oA AR ZAY, B Ayl 7t
TAE AHstete Al HFAJA AUC gt v
aste] 2 29 AAsksiTh o714 AUCE AL st
= Adnitt & ztels B Bk o HHsl 3
AollA B aQlel wet S7kE 5 Sl A=,
JE 19] 1 717kl BokE W= APCPE 7] XL
Z]5k4] 3L CAPESH OLRE F& gk x3o] %
717 Aol tiet PODYE AAIAAE POFDE U
B2NA F22N AUCE S7H1Z 5 AT 31A
gk Hol N TOE A-EE Hole AUCTT S7HEE W
22 st dE 5%, POFD7F S7HsiH|et=

Sh=17)48ks 7] A133E 535 (2023)

PODY7} O & Zo2 Z713 uj AUCYt Z713 &
Atk o]¥E B AFoA AlESe RdAME B4
Al71Hke AUCTE Z7hE] s WH2]o] gebd Mal ofy
2, AUCE F7M71= bl 7|38k "HFE 7|95t
e ge gepa, agune 24 A" g
FHAs} o] F JteA7T =4 g HaE e Al
ol BoZl AUCYE S7t=l= Wad o el 7]o
st gl ol 4 Q) oA TEE AEE
MFe} 9] 715%) 238 £l 2 Adol 2= ACI
& At & glon, o5 AEYE FHAstE ACI
(Seasonal Optimized ACI, ACI,0,)2taL sttt
(Eq. 1).

ACISnOp/ =

apsrMpyr, care + BosrMpyr, arcr + YosrMpr, orr
AyaniMarans, care + BuaiMusans, arcr + YraiMasan, orr 1)
QygaMiya, care + BuaMsa, arce T YiuaMysa, ok
asonMson, care + BsoxMson, apce + YsonMson, ovr

3.0 M5 d3

3.1 AClsnop2t ACly,0p2l Ol& Ms HlW

2 AfdAME #FA59] 15dBZ ETHS H|YE
3 ACLyopt ACI50,°1 15 Aes AEERE 4
st &, ACISn()pr% o]Z&= AFYE ACIE FF
3} oM FojdE A 77k sl HEFo] 3
RNEH, ACL,gpr= 14 AA 7173l 3] 437}
Fo AR, MR R AEER o3 Aol A
H A}k ZF At 6X17F, 24A17F, 2730 4247
o Zoll st ACI,0,2t ACILs,0,S1 ROC curveE ]2
N HATHFig. 4). WA, 14 717 HZXE A o=
5ol 7 7+ARY DIFZI17HS BW, Aldel] 2=
A3 YIS o 7+ = 717+ AUCTT 0.809,
0.803, 2|3 0.728% 71&3} thu]sle] & 2o 7 =
7Fe AL & & Aok T3, MAMS] A5, AukE o
2 ACLy0,S FAo] 71ERTG 5 ddoe s ot
HolA = A2 Btk 6A 7 24X 7F o S0l A=
AUC7} Z+2F 07163 0.6752 71&H T 2F7F Z7)s)
AA G, A7) 700 424 7F Zo| = 0.6360.E V&
o] 0.6373 st b A EE vs A3E
RoJFEr), =, 7| (short-term)ol] thek o= Ad5o] Al
A HAHgE T3 AUFeER § A FIFEHJA
JIA 717boll & ©@7](6, 24X|71) ol &2 H]S=3HA| T 42
A Zb dZe|A Adgo] AE TASIYTE 6A7F oS
717k tidt AUCE S7FFAAITE, 24X 7HEE 2.9
2 AUCT} &3t BEEs HAEth sAge=s
SON 717F¢] ROC curve W3l= MAM 717k} H]S:
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Fig. 5. AUC (black) and TSS (grey) values of ACIy,q, (dashed line) and ACI,q,, (solid line) for each forecast time in (a) DJF,

(b) MAM, (c) JJA, and (d) SON.

Table S. Seasonal averaged AUC and TSS of ACIy,0p, ACIyiops and ACIg,op.

Seasons DIJF MAM JJA SON Averaged
ACIypop 0.780 0.662 0.684 0.732 0.715
AUC AClLyo 0.746 0.668 0.690 0.744 0.712
ACls0p 0.772 0.670 0.686 0.747 0.719
ACIypop 0.212 0.164 0.209 0.245 0.207
TSS ACIy oy 0.145 0.167 0.211 0.245 0.195
AClsuop 0.321 0.180 0.196 0.282 0.245
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Fig. 8. (a) 15 dBZ ETH, 24-hour forecast of (b) ACIy,q, and (¢c) ACls,0,; at 0000 UTC 16 December 2021. Grey and black line
indicate the area of 15 dBZ ETH over FLO and the deep convective area (15 dBZ ETH > FL250) in (a), that is also expressed in
(b) and (c). Purple line indicates the deep convective area (> FL250) in forecast field of (b) and (c).
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Fig. 9. (a) aMc.pi, (b) BMupce, (¢) yMorx of ACIy0p, and (d) aMcaps, (€) BMapce, (f) yMorr of ACIg,0,. Bracket refers to the

range of MFs.
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Fig. 10. (a) Analysis synoptic map at the surface, (b) GK2A RGB image, KIM-GDAPS Auxiliary analysis chart of (c) 300 hPa
Divergence and wind, and (d) 850-500 hPa Showalter Stability Index at 0000 UTC 28 May 2021 from the Korea Meteorological
Administration.
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Fig. 11. (a) 15 dBZ ETH, 21-hour forecast of (b) ACIy,, and (c) ACIs,q, at 0300 UTC 28 May 2021. Grey and black line
indicate the area of 15 dBZ ETH over FLO and the deep convective area (15 dBZ ETH > FL.250) in (a), that is also expressed in
(b) and (c). Purple line indicates the deep convective area (> FL250) in forecast field of (b) and (c). Here, the intensity of
Convectively-Induced Turbulence is indicated by the dots with colors in (a). And the location of CIT encounter is indicated by
the blue circle in (b) and (c).
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Table 6. Time-lagged ensemble members of each forecast time.

Forecast time Ensemble members
6-hour forecast +06 h +12 h +18 h +24 h +30 h
12-hour forecast +12 h +18 h +24 h +30 h +36 h
18-hour forecast +18 h +24 h +30 h +36 h +42 h
24-hour forecast +24 h +30 h +36 h +42 h +48 h
(a) (b) TLE DETERMINISTIC (C) TLE FL250 PROBABILITY
VALID: 00UTC 14 AUG 2021(+ 018h) TIME: 06UTC 13 AUG 2021 VALID: 00UTC 14 AUG 2021(+ 018h) TIME: 06UTC 13 AUG 2021

. 09KST 14 AUG 2021(+ 018h) 15KST 13 AUG 2021 ) 09KST 14 AUG 2021(+ 018h) 15KST 13 AUG 2021

40N

38N —

N —
32N —{

e T
Fig. 13. (a) 15 dBZ ETH, 18-hour Time-lagged ensemble-based (b) deterministic and (c) probabilistic forecast of ACI,q,, at
0000 UTC 16 August 2021.
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