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Abstract A wind shear detection system using WISSDOM (WInd Synthesis System using
DOppler Measurements) a 1 km resolution analysis field incorporating radar radial velocities
through 3D-VAR was developed and evaluated to detect wind shear along aircraft glide paths at
domestic airports. This system addresses limitations of existing LLWAS, which detects
low-level wind shear only within a narrow area near runways at altitudes below 30 m. Vertical
and horizontal wind shear detection techniques were applied in parallel, with performance veri-
fied using LLWAS alarm data and IATA aircraft observations from Incheon, Jeju, and Yang-
yang airports. Wind shear values from the system were generally lower than the ICAO standard
(5 kt/100 ft). Optimal thresholds maximizing TSS were derived: vertical 1.0~1.5kt/100 ft and

horizontal

1.6~2.4kt/km. Performance was highest at Incheon (horizontal wind shear

PODY 0.82, AUCO0.71), followed by Jeju, and lower at Yangyang. Case analyses using
AMDAR data showed spatial similarity between observed and detected wind shear events, sup-
porting the system’s operational capability. Despite resolution limits for sub-kilometer phenom-
ena, the system effectively detects mesoscale wind shear and offers a practical means to enhance

aviation safety and operational efficiency.
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Fig. 1. Status of Airport alerts by hazardous weather phenomena (2017~2021).
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Fig. 2. Wind vector example within the WISSDOM domain.
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Table 1. Configuration of the WISSDOM.

Parameter

WISSDOM (National)

WISSDOM-AIR

Coverage area

Korea Peninsula

Incheon Airport

Horizontal resolution

1 km (960 x 960)

0.2 km (1001 x 1001)

Vertical resolution (sfc~1 km) 50 m 20 m
Temporal resolution 5 min
Total vertical layers 56 layers 101 layers
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Table 2. LLWAS record counts before and after quality control (2022~2024).
Airport Year Before QC After QC Valid ratio (%)
2022 159,702 698 0.44
Jeiu 2023 138,336 714 0.52
J 2024 159,378 526 0.33
Total 457,416 1,938 0.42
2022 24,942 142 0.57
Incheon 2023 20,774 91 0.44
cheo 2024 17,706 77 0.44
Total 63,422 310 0.49
2022 28,748 406 1.41
Yanevan 2023 9,862 173 1.75
eyang 2024 8,589 145 1.69
Total 47,199 724 1.53
Table 3. IATA record counts before and after quality control (2022~2023).
. Airport area Spatial QC and
Airport Year (Alt. < 1 km) EDR = 0.2 Hourly Integ.
2022 13,360 1,484 717
Jeju 2023 19,449 2,067 864
Total 32,809 3,551 1,581
2022 2,871 225 107
Incheon 2023 12,470 747 407
Total 15,341 972 514
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Fig. 3. Spatial distribution of IATA aircraft-observed turbulence (EDR > 0.2 m** s™', Moderate or greater): (a) Incheon Airport

area, (b) Jeju Airport area.

Table 4. Contingency table.

Radar windshear

Event observed

detection system Yes No
Yes True Positive (TP) False Positive (FP)
No False Negative (FN) True Negative (TN)
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Fig. 4. Probability density function (left) and cumulative distribution function (right) of vertical wind shear at Jeju (top),
Incheon (middle), and Yangyang (bottom) airports based on IATA turbulence moderate cases.
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Fig. 6. Probability density function (left) and cumulative distribution function (right) of horizontal wind shear at Jeju (top)and

Incheon (middle) airports based on IATA Turbulence cases.
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Table 5. Vertical windshear LLWAS and IATA system performance by Airport.
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Airport DATA Thr_opt Max_TSS PODY PODN AUC CSI

Incheon LLWAS 1.5 0.34 0.88 0.45 0.73 0.17

[ATA 1.1 0.21 0.77 0.43 0.64 0.07

Jeiu LLWAS 14 0.27 0.70 0.57 0.67 0.28

s IATA 1.0 0.15 0.77 0.38 0.64 0.21

Yanevan LLWAS 14 0.09 0.68 0.40 0.58 0.16
gyang IATA - - - - - -

Table 6. Horizontal windshear LLWAS and IATA system performance by Airport.

Airport DATA Thr opt Max TSS PODY PODN AUC CSI

Incheon LLWAS 24 0.36 0.82 0.54 0.71 0.18

IATA 1.6 0.22 0.73 0.49 0.65 0.07

Jeiu LLWAS 24 0.36 0.75 0.48 0.70 0.27

s IATA 2.0 0.25 0.73 0.43 0.63 0.21

Yanevan LLWAS 22 0.15 0.73 0.42 0.60 0.16
gyang [ATA - - - - - -
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Fig. 9. ROC curves of wind shear detection at Incheon, Jeju, and Yangyang airports: horizontal (left) vs. vertical (right),
validated by LLWAS (top) and IATA (bottom), with bootstrap confidence intervals.
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Table 7. AMDAR data of aircraft landing at Jeju International Airport and calculated wind shear values (per 100 ft) on 27

November 2024, 0835 UTC.

Tail Time (h, m, s) Altitude Longitude Latitude Wind direction Wind speed Wind shear
number (UTC) (ft) (°E) °’N) @) (kt) (/100 ft)
08:35:00 20 126.5336 33.5417 264 9 5.15
HL7706 08:34:00 640 126.5678 33.5500 298 39 0.72
08:33:00 1,400 126.6019 33.5694 290 39 -

Table 8. AMDAR data of aircraft takeoff at Jeju International Airport and calculated wind shear values per 100 ft on 08 May

2025, 2212 UTC.

Tail Time (h, m, s) Altitude Longitude Latitude Wind direction Wind speed Wind shear
number (UTC) (ft) (°E) (°’N) @) (kt) (/100 ft)
22:12:30 1,800 126.5172 33.5194 152 48 0.32
HL7708 22:12:24 1,570 126.5172 33.5194 152 49 5.12
22:12:18 1,250 126.5172 33.5194 147 33 1.13
AMDAR= AA714717HWMOY7E 39 #3715 718t #2380 o] SREs Fal FHFoe] o=
ggato] A AACNA 71, T, T, 719 Sl o JrollA AR EAS S = itk A7 dH=
7] FF5ARE ] fle) e9she Z2adolrt ok EFE WIoer I @& AL vV
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