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Diagnosis of Low-Level Aviation Turbulence Using

the Korea Meteorological Administration Post Processing (KMAPP)
Jae-Hyeok Seok’, Hee-Wook Choi’, Yeon-Hee Kim', Sang-Sam Lee’

ABSTRACT

In order to diagnose low-level turbulence in Korea, diagnostic indices of low-level
turbulence were calculated from Aug 2016 to Jul 2019 using a Korea Meteorological
Administration Post Precessing (KMAPP) developed by the National Institute Meteorological
Sciences (NIMS), and the indices were evaluated using Aircaft Meteorological Data Relay
(AMDAR). In the mean horizontal distribution of diagnostic indices calculated, severe
turbulence was simulated along major domestic mountains, including near the Taebaek
Mountains, the Sobaek Mountains and Hallasan Mountain on Jeju Island due to geographical
factors. Later, detection performance was evaluated by calculating the KMAPP Low-Level
Turbulencd index (KLT) on combined index, using AUC value of Individual diagnostic indices
as a weight. The result showed that the AUC value of KLT was 0.73, and the detection
performance was improved (0.02-0.13) when the index was combined. Also, when looking for
the AMDAR data is divided into years, seasons, and altitudes, up to 0.94 AUC values were
found in winter (DJF) and the surface (surface-1,000ft). By using high-resolution numerical data
reflecting detailed terrain data, local turbulence distribution was well demonstrated and high
detection performance was shown at low-level.

Key Words : Korea Meteorological Administration Post Processing(KMAPP), Aircraft Meteo-
rological Data Relay(AMDAR), KMAPP Low-Level Turbulence Index(KLT), Low-Level
Turbulence(LLT)
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Fig. 1. Horizontal distribution of AMDAR data by
turbulence intensity.
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Table 1. Turbulence intensity classification according to eddy dissipation rate (EDR) value

Turbulence peak EDR(m*/3s-1)
Turbulence indicator
<0.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.5-0.8 >0.8
<0.1 0 1 3 6 10 15 21
0.1-0.2 2 4 7 11 16 22
0.2-0. 8 12 1 2
Turbulence 3 > / J
mean EDR 0.3-0.4 9 13 18 24
(m*/3s-1)
0.4-0.5 14 19 25
0.5-0.8 20 26
>0.8 27
Turbulence intensity Nil Light Moderate Severe
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Table 3. Number of AMDAR data by turbulence intensity and altitude

Intensity
Altitude NIL LGT MOD SEV Number of data
Surface 550 381 5 0 936
1,000ft 1,190 338 4 0 1,532
2,000ft 1,666 510 6 1 2,183
3,000ft 1,480 193 4 0 1,677
4,000ft 1,426 162 1 1 1,590
5,000ft 1,467 105 5 0 1,577
Total 7,779 1,689 25 2 9,495

(a) VWS(NIL,LGT,MOD) (b) VWS (SEV,EXT)

Frequency
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(c) TI2(NIL,LGT,MOD) (d) TI2(SEV,EXT)
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Fig. 2. (a)-(d) PDF of VWS and TI2 for NIL,
LGT, MOD, SEV and EXT intensity.
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Table 4. Threshold by turbulence intensity of individual turbulence index

Index NIL LGT MOD SEV EXT
(a)VWS 0.5776x1072 0.6840x107? 1.1032x 102 2.0466%107? 2.3771x1072
(b)TI-2 4.5110x107° 5.1060x 107 6.2304x10°° 3.9679x107° 8.9971x10°
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Fig. 3. (a)—(b) Horizontal distribution of 3 years(Aug 2016-Juy 2019) mean by altitude of individual
turbulence index with threshold applied. The (a) is VWS and (b) is TI2
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Fig. 4. The ROC diagram on MOG intensity of
VWS(blue dashed line), TI2(red dashed line) and
KLT index(gray solid line) Evaluated using
AMDAR during Aug. 2016-Jul. 2019. The AUC
value is indicated in the bottom left corner.
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Table 5. The AUC value KLT index evaluated
by year, season and altitude of

AMDAR data
3-year AMDAR KLT
threshold value (MOG)

3-year 0.73
16-17 0.69
Year 17-18 0.74
18-19 0.73
MAM 0.68
JJA 0.66

Season
SON 0.78
DJF 0.94
Surface 0.94
1,000ft 0.71
2,000ft 0.62

Altitude
3,000ft 0.88
4,000ft 0.45
5,000ft 0.69

7R (16-17)9] B#EARE ARSHS 4 0.692 7F
w2 ol YERT o9 Aol 0.05°= H|I
A Aot AER AuskE o, ALEDJF) &
BE ALFE A 0.947 AF3| B2 A5o] UE
wow, ARH(JA) AEE AT H9 0.66°0%
7P 9o Aol el AR Rad #EAR
S ARESIE 9 0.289] WBAo] UEREOH, o]
= WFEECE gt Ui EAARTE B2 o5EY
HA/d50] o Ao vls] oA Ao& Helck
(14]. vpAgteg ez 5E ISAeE ARSSt
¥Z AF AXES(surface)ollA 0.942 7FF =2 4
5ol UerEeH, 4,000ft Zo4 0.452 7P 2
deol Yepdtt. 1=l ERolAe XS 4,000ft
Z Aol 0.492 71 2 #isS Btk ALd At
At nEZHAZ 15 Agois A EF] 0.8
o] 84 U B Bt ol B AE
7F v TsAtE SR REo] ayr) A HEoA 7}
 FEHAE Z2oE Helth

AIH o=, 201649 8EHE 20199 7E7HA9] =
Al AMDAR #EARE AMESI9S d, KLTS AUC
£ 0.730% Yo, ol AF w2 dREA
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Asel 718 S Herd Ad A 852 27
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Hoh 717 0.02, 0.13°] B &2 0.73°0= UEHLe
H, A5 2P 45 FAds0l FES ZUst
ATt SRR 2 AtollA 31 =4 AMDAR #=EA

£ ol&slo] ARESH AUCE 7NEdRATA| 4=}
KLT A& 257 34t ArAsolA daidfle &
FHEZE =71 913 0.8 o= mIAA e, o]

HE Ay}, 2598 0.06-0.49 AUCY HEAo] &4
ohE ERIsISla Atido s JRAT Adso] HojA|
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o Rl T T Ao R Qg QA1 Aoy H
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oA Ex7} thfskA] 3k AR ] SlSole E+5t
I S AT FGoA sk PR A
7Fs73°] U2 EAS 5= UJTE AR T BE
9] AMDAR A&el £ AtollA =71 @A5] FojA
ARSSHA] 53t PIREP 9 AIREP(Aircraft Report) AF
7t F4=0] F3ol &8dotd, 1t Ak &
TR ASAARTIAE 50| 7Fs A0 E H

2 A7 T - 39 I AT 999 FIdR
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