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Abstract Deep convection can make adverse effects on safe and efficient aviation operations
by causing various weather hazards such as convectively-induced turbulence, icing, lightning,
and downburst. To prevent such damage, it is necessary to accurately predict spatiotemporal dis-
tribution of deep convective area near the airport and airspace. This study developed a new
index, the Aviation Convective Index (ACI), for deep convection, using the operational global
Unified Model of the Korea Meteorological Administration. The ACI was computed from com-
bination of three different variables: 3-hour maximum of Convective Available Potential Energy,
averaged Outgoing Longwave Radiation, and accumulative precipitation using the fuzzy logic
algorithm. In this algorithm, the individual membership function was newly developed follow-
ing the cumulative distribution function for each variable in Korean Peninsula. This index was
validated and optimized by using the 1-yr period of radar mosaic data. According to the
Receiver Operating Characteristics curve (AUC) and True Skill Score (TSS), the yearly opti-
mized ACI (4Cly,0,,) based on the optimal weighting coefficients for 1-yr period shows a better
skill than the no optimized one (4Cly,,,) With the uniform weights. In all forecast time from 6-
hour to 48-hour, the AUC and TSS value of ACly,,, were higher than those of ACly,,, show-
ing the improvement of averaged value of AUC and TSS by 1.67% and 4.20%, respectively.

Key words: Deep convection, Aviation Convective Index (ACI), Optimization, Receiver Oper-
ating Characteristics (ROC) curve analysis
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Table 1. Model Information of Global Data Assimilation and Prediction System (GDAPS) based on Unified Model (UM).

Models UM- GDAPS
Horizontal resolution 10 km
Vertical resolution 70 Layers
Vertical model top 80 km

Operation times
Forecast period
Forecast interval

4 Times (0000, 0600, 1200, 1800 UTC)
0~288 h (0000, 1200 UTC), 0~84 h (0600, 1800 UTC)
3 hour (0~84 h forecast), 6 hour (84~288 h forecast)
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Fig. 1. Samples of Vertically-Integrated Liquid water content (VIL) (left), and 15 dBZ Echo Top Height (right) with radar
location (purple marker). Grids only located within the observation boundary are masked.
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Fig. 2. A flow chart on computing ACI based on fuzzy-logic algorithm. Here, CAPE, APCP, and OLR indicates the convective
available potential energy, the accumulated precipitation, and the outgoing longwave radiation. M and MF means the

membership value and the membership function. And, ¢, £, and yare the weight coefficients for CAPE, APCP, and OLR.
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Table 2. Percentile of CAPE, APCP, and OLR in 1-yr period of 2021. Bracket correspond to the percentile of OLR. Bold letters

represent the severe range.

Percentile [%)] CAPE [J kg™"] APCP [mm)] OLR [W m™]

99 (1) 684.19 10.152 137.156
95 (5) 264.05 2.73 159.859
90 (10) 105.92 0.888 177.749
84.1 (15.9) 51.8 0.281 194.062
80 (20) 35.49 0.136 203.046
50 4.52 0.0 252.187
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Fig. 3. Cumulative Distribution Function of CAPE (left), APCP (middle), and OLR (right). The Membership Function is

indicated by the blue line in each plot.
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Table 3. Coefficients of the membership function of CAPE, APCP, and OLR.
Coefficients of Membership Function, ME(x) = a + bx + ex® + dx® + ex* + & + gx® + x’
a b c e f g
CAPE -0.529 0.016 -9.95%x107° 3.47x 107 6.70 x 10710 6.68 x 1072 —2.68 x 1071
APCP -0.053 0.773 -0.335 0.084 —0.011 0.001 —237%107
OLR 1007.3 -37.46 0.577 -0.005 2.15%x 107 -521x10°8 522 x 107!
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0 (194.062 W m<OLR)

ACI= aMcypp + BMypcp + YMorr )

2.2.2 1d 71740 dis) HF3}A ACI (Year Optimized
ACI, ACly,g,)
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Table 4. Contingency table between observation and forecast.

Observation
Forecast
Yes No Total
Yes a b atb
No c d ct+d
Total atec b+d atb+c+d
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A g v]&2] 2JolE 9n|gTHEq. (7)]. 1HEZE 3

g gkl 24 olH 422 ojuiie,

a

PODY = — )
b
POFD = T (6)
_ PODY- POFD = —8d-bc__
7SS = PODY - POFD CERICEX) (7

HAsl 9 HAS2 20214, 19 77kl i3l o] Fof
Hoem, Edole Fax 27 B4 4 (Receiver
Operating Characteristics curve, ©|3} ROC curve)®] A}
SEATE 54 7R 2% 2 ALk ACIS 6417F
o & Axe} Folre] 15dBZ ETHSF Bttt 1
7 F 146070] A7k aeEgleH, of & &
€ ot #FaolA SAld Ao TR I
£ Algste] F 145970 Ao #Eg o S7ge]
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15 dBZ ETH®] FL250 o3l 22 tiF Felr}. st
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Table 5. Top 10 weighting coefficients by AUC value among
all possible weight combinations. Bold letter represents the
optimized weighting set.

a p 14 AUC
0.45 0.05 0.50 0.7662
0.40 0.10 0.50 0.7659
0.50 0.00 0.50 0.7659
0.45 0.10 0.45 0.7657
0.50 0.05 0.45 0.7656
0.40 0.15 0.45 0.7655
0.35 0.15 0.50 0.7653
0.40 0.05 0.55 0.7653
0.45 0.00 0.55 0.7652
0.35 0.10 0.55 0.7648
] Haskslr] Wiel ¢ Bres TESA B
ayeE, Ads 22 54 7IE b2 2ed

£ 9E 204 FE t}E Fo|tl. Table 5004
a=045, f=0.05, y=0.50 & w AUC”} 0.7662Z

ol YEeRgow, o] 1d 7|7kl tigk A9 7tF
2 %3S Z83F ACIZ Year Optimized ACI(®)3}
ACly,0p)2FaL 78 o133

3.01% M5 #S

3.1 ACINoOpt 0’"% g%

HA, ddd 7EAR ARE ACLo,S AF 3
soll e BAA AFS AU Figure 4=
= 717 ' AClLyox®l ROC curve®t olol 3l3= =
AUC #g HAFETE 974 A8 e 35 A4
S 2HE FMUE ACIy,0,7t 0.25, 0.50, 223 0.75
of t-&== Folth. et oS 7|7ke] FHES ¥
W HH, oS 7]7ke] 7Y &2 6AIZF oS ATt
7 We FA4S HelFm, AUC 3ol 0.758Z 71
EUTH B3, oS5 7|7ke] oA A9 WA o]
=3

gl

(N T A TS
>
dt xo Jo

o] o]F& WA o] TAEAL &, ole oF 7|7
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T fadits 9ujely, &3], POFDe] 74 ZHU}
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