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Verification of Low-Level Wind Shear Prediction System

Using Aircraft Meteorological Data Relay (AMDAR)
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ABSTRACT

In order to predict low-level wind shear at Incheon International Airport (RKSI), a Low-Level
Wind Shear prediction system (KMAP-LLWS) along the runway take-off and landing route at
RKSI was established using Korea Meteorological Administration Post-Processing (KMAP). For
the performance evaluation, the case of low-level wind shear cases calculated from Aircraft
Meteorological Data Relay (AMDAR) from July 2021 to June 2022 was used. As a result of
verification using the performance evaluation index, POD, FAR, CSI, and TSS were 0.5, 0.85,
0.13, and 0.34, respectively, and the prediction performance was improved by POD, CSI, and
TSS compared to the Low-Level Wind Shear prediction system (LDPS-LLWYS) calculated using the
Korea Meteorological Administration's Local Data Assimilation and Prediction System (LDAPS).
This means that the use of high-resolution numerical models improves the predictability of wind
changes. In addition, to improve the high FAR of KMAP-LLWS, the threshold for low-level wind
shear strength was adjusted. As a result, the most effective low-level wind shear threshold at 8.5
knot/100 ft was derived. This study suggests that it is possible to predict and respond to
low-level wind shear at RKSI. In addition, it will be possible to predict low-level wind shear at
other airports without wind shear observation equipment by applying the KMAP-LLWS.
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Fig. 1. Distribution of AMDAR in the low-level area of RKSI observed from July 2021 to June 2022
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Fig. 2. Average number of observations per day classified by time of AMDAR from July 2021 to June 2022
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Table 1. Wind shear intensity proposed by the Fifth Air Navigation Conference (ICAO, 1967)

Intensity Light Moderate Strong Severe
Wind shear scale 0<Ws<5 5<Ws<9 9<Ws<12 12 < WS
(knot/100ft) - N - -
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Fig. 4. Runway characteristics of RKSI input to
KMAP-LLWS. The figure panel is derived from
AIM (aim.koca.go.kr)
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Table 2. Contingency table between observation
and forecast data

Event observed

Contingency table
geney Yes No
Event Yes TP FP
forecast No FN TN

Success Index)= FHE A A&et A &
dAjet= A9 BlES 9ulobd, TSS(True Skill
Score)= FHZ0] AT AlH|et TSR] o2 AR
£ 27t g Z AIS3=AE vErdth 22k 7|
= 0914 1A0] 3= YEh= POD, CSI, TSS+= 1
o 7WhesE dI54ds0l £21, FARZ 0° 77k
5 QAFHET}F Jth

__ e
TP+ FN
FP
TP+ FP
S
TP+ FP+FN

TN
TN+ FP

POD (2)

FAR= (3)

CSI (4)

7S8S= POD+ (5)

2 1

3.1 AM=HS KMAP-LLWS &
A=O

QA=A T3 KMAP-LLWS A5H5S
H AMDAR A=e} 5Yq 771 20219 795H
20229 69714 197t i FHE SRS 4
E5t1 35BS &8st H3oith Asol
£ AMDAR 2349 #ZAES 7[E0= 6AIZE
ol dEAEE ARgStt IFE UHozRE o
ZAe Wt 3,000t % A4 Sknot/100ft ©]
o] FHgo] HEEIS o, FYst o] - FAF AH=2
4] Sknot/100ft oM FHgo] dISHTHA &0 4
I3 Aog Hesiginh

717t W AMDAR AtgojlA AdE 23 Algles
1487102, ol5AH] 274, AFAH 121422 YE}
S olEAE F SHE A 17, FAEARE
% FHE WYAHEE 7102 YeERGtHTable 3). ©
SAE7E AEAHEED @A) 22 AR olSdhe
FB710A4 1" AREY FHAFEERE, Fx)9
QF7} HlHay| wiio|tt. ol o|FHA A TEE

Table 3. A case of low-level wind shear at RKSI
calculated from AMDAR from July 2021
to June 2022

Flight | Run Date Altitude| Wind shear

state | way UTO) (fo) (knot/100ft)
Take-off | 16 | 2021090701 | 2,004 6.8
Landing | 34 | 2021081711 86 10.1
Landing | 15R | 2021091611 | 2,896 5.0
Landing | 16 | 2021101310 | 1,660 8.5
Landing | 34 | 2021120420 | 248 7.1
Landing | 16 | 2022062410 | 2,351 6.9
Landing | 16 | 2022062804 | 2,234 12.3
Landing | 15L | 2022062811 | 2,940 6.4

2 QI #Ho] EQS A= wETh
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diEAtge] HE AE Uehdrh olFACAE
POD, FAR, CSI, TSS& 2} 1.0, 0.5, 0.5, 0.962.
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0.242 UEsth ol&AkE 471 @A5] 7] d&
of ZEARHe vl oPARE, Miss7h §la, False
Hlgo] AFAEY Wrhs HojlA dE4ds0] H &
2 oz wokEn AAARS POD, FAR, CSI
TSS= ZH2} 0.5, 0.85, 0.13, 0.34% UERGT

AA=FA T KMAP-LLWSS] 2Tl A% 2vs
e Hell, 71V @ = A2 2D (Local Data
Assimilation and Prediction System, LDAPS)S &
4oto] QH=AITIHY] A FHE JSAIAHE
%3131 KMAP-LLWSS} Hlwatyict. LDAPSE &< ol
Zrd Z 71 v8AESl 1.5km $EHIEE AY
o, KMAPS] Fi/dA|st gexts= AREE L Qi
Table 5= %717t W LDAPSE o|&3}o] =31 9l
AFATT A G815 ASAIAR(LDPS-LLWS)2
A% 23S vepd ;oloh 1487) AHol4 POD,
FAR, CSI, TSS= 2+ 0.25, 0.82, 0.12, 0.1922 1}
Eptth. KMAP-LLWSS}F Blashi= o, KMAP-LLWS
7} POD, CSI, TSSelA] 0.25, 0.01, 0.15 © =& 2
e BY¥oH, FART 0.03 5 &7 UeldthFig. 6).
False H[&2 A% Xjo]2 EolFA|T &4 o
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Table 4. Results of contingency table between AMDAR and KMAP-LLWS, and predictive performance

evaluation index

Total 148 AMDAR
POD FAR CSI TSS
All case TRUE FALSE
KMAP TRUE 4 22
0.5 0.85 0.13 0.34
LLWS FALSE 4 118
Total 27 AMDAR
POD FAR CSI TSS
Take-off case TRUE FALSE
KMAP TRUE 1 1
1.0 0.5 0.5 0.96
LLWS FALSE 0 25
Total 121 AMDAR
POD FAR CSI TSS
Landing case TRUE FALSE
KMAP TRUE 3 21
0.43 0.88 0.11 0.24
LLWS FALSE 4 93

Table 5. Results of contingency table between AMDAR and LDPS-LLWS, and predictive performance

evaluation index

AMDAR
Total 148 POD FAR CSI TSS
TRUE FALSE
LDPS TRUE 2 9
0.25 0.82 0.12 0.19
LLWS FALSE 6 131
- = 0ws Fig. 7% AR F9F ;- 2400A vehd
i m— KMAP

) l" ’ I
0.4 1 be
POD FAR csl TSS

Fig. 6. Performance comparison of wind shear
prediction system with KMAP-LLWS and
LDPS-LLWS
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False A2 20224 3¢9 17¢ 22 UTCO 15L 52
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ub ol& ZAxola= 1,800ft F2ol4 Sknot/100ft ©]
A} ol YeRdth ole JgmdolA 1,700~1,800ft -
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Fig. 7. AMDAR horizontal distribution and vertical cross—sectional plot by case for verification of
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Table 6. Description of the threshold value adjustment experiment

Exp No. Explanation (AMDAR Threshold: 5knot/100ft)

Exp 1. KMAP-LLWS's 95 percentile value

Exp 2. KMAP-LLWS's 90 percentile value

Exp 3. AMDAR threshold + Mean Bias Error

Exp 4. Find a percentile corresponding to 5 in AMDAR and apply it to KMAP threshold
Exp 5. Optimal thresholds for evaluation index graphs

Table 7. Predicted performance evaluation results based on experiments

Exp Thresholds Index Contingency table
No. (knot/100ft) POD FAR CSI TSS v P N N
(Hit) (Fasle) (Miss) (C.N)
Control 5 0.5 0.85 0.12 0.34 4 22 4 118
Exp 1. 6.59 0.38 0.62 0.23 0.34 3 5 5 135
Exp 2. 5.64 0.5 0.73 0.21 0.42 4 11 4 129
Exp 3. 6.95 0.38 0.57 0.25 0.35 3 4 5 136
Exp 4. 6.62 0.38 0.57 0.25 0.35 3 4 5 136
Exp 5. 8.5 0.38 0.25 0.33 0.37 3 5 139
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