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A Study on Detection of Wind Shear Using Ground-based Observations

at Incheon International Airport

Geun-Hoi Kim', Min-seong Kim', Hee-Wook Choi , Sang-Sam Lee™", Yong Hee Lee

ABSTRACT

This study evaluates the detection and utilization of wind shear using data from the Low-Level
Wind Shear Alert System (LLWAS) and the Aerodrome Meteorological Observation System (AMOS)
for the year 2023 at Incheon International Airport. A comparison of wind shear occurrence days
revealed that LLWAS recorded 57 days, the reproduced LLWAS recorded 84 days, and AMOS
recorded 163 days, with AMOS and the reproduced LLWAS showing higher occurrences. Perfor-
mance metrics, including Probability of Detection (POD), False Alarm Ratio (FAR), Critical Success
Index (CSI), and True Skill Statistic (TSS), were analyzed to evaluate detection capabilities. For
the reproduced LLWAS, most wind shear events were detected, but the FAR was high, indicating
lower performance. AMOS detected about 50% of actual wind shear events, with a lower FAR
than the reproduced LLWAS but still relatively high. To improve detection performance, optimal
thresholds for wind shear warnings were analyzed and adjusted, resulting in an increase in the
CSI from 0.53 to 0.68 for the reproduced LLWAS and from 0.25 to 0.28 for AMOS. By adjusting
the wind shear warning thresholds, the balance between POD and FAR was improved, confirming
the potential for ground-based equipment to issue wind shear warnings effectively.

Key Words : Wind Shear(%%), Low-Level Wind Shear Alert System(X&gHE7414H]),
Aerodrome Meteorological Observation System(337]4#=7J4]), Incheon International Airport
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Dissipation Rate, EDR}& #KIslal, AMDAR (Air-
craft Meteorological Data Relay)?} Hlwalo] A&t
FAEE BrIsle] GRS BX0 AdHSIHY 2
AL A5t Chan(2017)2 S5=AIT oA Ay
2t 30 knots o1d9] et §HF ARIE RAIGI] 1 &
AZ Aol o] A= TRk FHE BA ¢
9] "RAS 73=5kl Ut Nechaj et al.(2019)2
&EHp7lole] Befel&etEaAl g ol WA SHE
AHIE 1Y QI8 = =11, LIDAR (LIght Detection
And Ranging)g °ol8%F FHE ©A|9] old¥} THAE
Aot Li et al.(202002 = TAS SHIAT
T e K %2 FHE AlRlE 45k
LIDARE €83t 93 ¥A d18&E 7idsio 7=
Al2E O] e A9E B skt SE=AEgel
A] LIDARE AMEsto] oieFet 71A1es ol thgt B7t
T A= QitkKhattak et al., 2023; Khattak et
al., 2024). oJ2{gt A5 LIDAR 7]&0] 9% B4
o Qo] T8 LS & US HoEH: Tse et
al.(2019)2 7 1AJFelcTerminal Doppler Wea-
ther Radar, TDWR)E °©l-&sto] GriAd #1719kl <fgt
nfo]AZHAES BAstal, 71 EX40f tis ALsieiH:
Chan and Li(2020)= 8-3=AEolA 2483t 4709
IoiA7Igel o3 9% T ARIE AVSEEAE,
LIDAR, TDWRE o831 £4519(tt. ol thafet &
H|9] B34 &8o] 8% HAlo aEY & IS
AARRITE Lin et al.(2021)2 PIREP (Pilot Report)@}
ATCTREP (Air Traffic Controller Report)E &85}
o S 1157 3ol tizt S W EAS B4t
Gt ol=fet Halks 2FAMR) WA Hdo] GHE
Aol ofgA 7]ofS & I=AE & HojErk Hon
and Chan(2022)2 %717t9] PIREP A=E o]-&s}o]
Z3AERNA TASE FHEC] B8 Al - B
£ EAoIqlt) o] A4te A71AY Am et E40]
FHEY EE olgfoks H 8% 9 T 4 U
< xR AN BEREE EEole] 2E A4
83 HeEZ Bilste] FH3 T 5 452 =01
A AP Uk Stoker et al., 2022).

UATATEL thehl=9] 8 =4 W=, g
7] o] - 25 RIZ=7} ol FHE B4 2 119 58
Jo] Bl& R it} X JIH=ATES FHE
HAE 95l TDWRH ASFHEHIGH(LLWAS S
=9 Bl Ao, L= ARAY] 7]&ol 9&Estal glof

7} 3go] FUF B4 Weeb] YE AFolck. T
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7V T5=AERY aad e BA] 9
o 3% EXAA"(Windshear and Turbulen-
ce Warning System, WIWS)<S <% Zo|tHong
Kong Observatory, 2019). o] AAE2 TDWR, 9=
n=akle], LIDAR, sid3o] 5 thdsh BSAHolA
WA FHE ARS Sl 4 918 ek &
FF7] o] - AF 9o FHF FEE viEAt AT
gt} ul=e] 49, TDWR, LIDAR, LLWAS 52 ol
ot Bt AA8l(Integrated Terminal Wea-
ther System, ITWS)E 2% %°|H(Evans and Du-
cot, 1994), Y& FA] TDWRH LIDARE E-85}0]
FHEE FA6IL Utk FHollAE 3 FHE FE
el 2k T FHF B I e & A
WSS F7F W AIARS] gl B RS

£ AtolMe AH=ATTY ohget XS
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1. Xz 2 Y

2.1 LLWAS x{sd

LLWASE €529 2 PR AFoA &
ots F83 4 vlo|A2HAES "Aoto] 37|
of 3 F8 A1} o] - AF QoA WAsk= E

& 757 {1k AlAglolt}. LLWASOlA A3
sl FHE JEE FHde] TS g2t 9],
BE, A3 57 5] Atk 9 A== LLWASOA z¢
o= AXtEo] AlAH] At HEE|7] Wil
A dargjgol digt olsizt B35 el itk ol
UCAR(1992)011A4] TH= EAE HIgoZ LLWAS B4
AN ES A5, ISARE o8t olg Ad
stgich. LLWAS BAg1EES AmsH], YEYR
A BA 9 B4 A1 BA9 4TA 2 Us §
ATHNIMS, 2022). LG9 32U LLWASS] Azt
2(10 Hy) s24o] @A oE E7Fs310] ol87Fsst
AAZAZTF LLWAS 1270 AH9] 10x B 5 -
5 AmE ARESIGItHFig. 1). T Aae AmE
H|9F HIERIT BA £40] J8= Uk 71gstar, |
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@® AMOS

A Multi sensor

IEEE=E 9 kel SII2EE 60 &

Sloss) E BF(gain), WiALE Aklsto] A B4t A7IoA ui, w, vi, voi= 2417 HEES] SAAE
QAT &2 871 D FH 127] Fol sk I FEARC|L, Akl ARBEE T AR X3t
A1 BAE S (Table 13+ 7t @29 WFJEALG(Table 2)91
i3 FF9 ALk 4 (1D o83kt Dir_X%} Dir_Y+= 7t 337kt 3449 A(Airport
Configuration File, ACF)°l F<j=o] e}, I3+

Loss/Gain=(uz-u;) xDir_X+(,-v1) xDir_Y (1) AHutale Tahy H=x]H0] 9K, A, o], =

Table 1. The pairs of runway oriented loss and gain at Incheon International Airport

RWY33R RWY15L RWY33L RWY15R RWY34R RWY16L RWY34L RWY16R
1 1 1 4 4 1 1 4 7 8 1 8 7 8 1 8
2 4 3 1 5 4 3 1 5 7 10 1 10 7 10 1 10
3 5 1 1 8 5 1 1 8 8 1 2 1 8 1 2 1
4 5 3 2 1 5 3 2 1 8 2 2 8 8 11 2 8
5 5 4 2 4 5 4 2 4 8 11 2 11 9 8 2 11
6 5 8 2 8 5 8 2 8 8 12 8 10 9 10 8 10
7 6 4 3 1 6 4 3 1 9 8 11 8 10 1 11 8
8 6 5 3 4 6 5 3 4 9 10 11 10 10 8 11 10
9 6 8 3 5 6 8 3 5 10 1 12 1 10 11 12 1
10 7 4 3 8 7 4 3 8 10 8 12 8 12 8
11 7 5 4 5 7 5 4 5 10 11 12 11 12 11
12 7 8 8 5 7 8 8 5
13 8 1 8 1
14 8 3 8 3
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Table 2. The runway direction factors at Incheon International Airport

RWY33R RWY15L RWY33L RWY15R RWY34R RWY16L RWY34L RWY16R
DIR_X 0.685 -0.685 0.685 -0.685 0.685 -0.685 0.685 -0.685
DIR_Y -0.729 0.729 -0.729 0.729 -0.729 0.729 -0.729 0.729
AR S JHI A7 AZo|| "Q3t Akeglo] Aod servation System, AMOSk= =2 o] 744
TAO|tHUCAR, 1992). A=A 53] AL 22 B3 T, 71, o, V1Y, A, B2 7HA]

FF2HR 9~14712 F 947joct.
HRAES Edge(2A1H), Triple3AI)] WAk At

2 U

3t} Edge TARE 4] (2)F ol8skilth

Au=u; - u, Av=vy - Vi

Edge_dvrg = (AuxDir_X+AvxDir Y)/L (2

AZIOA wi, w, vi, o= 2RI B AR
FEARCIL, L2 A Al km)olst. JIH=A]
39| Edge T4k 43719] Z3to] Uk

Triple WAk 4] 3} °l&3IAH.

Ul = up-uy, V1 =
U2 = uz-uy, V2 = v3-v;

u_x = (Y1xU2-Y2xU1)/(2x TRI_AREA)
v_y = (V1xX2-V2xX1)/(2x TRI_AREA)
Tri_dvrg = ux + v_y

V2—Vvi1

G

A71oA uy, uy, Uz, vi, vz, vz 3XAE HIEY &
AR GBEARE X1, X2, Y1, Y2r ZHzb Ak
= W, TRI_AREAE 3A|Fo 2 S8l 449
9] HA(km?olth. Edge®} TripleQ] WAt Aol T
Q3 A5l AHES AR FdAuUo Aoy
o] Sitt.

A, @RY7], FEIE, 7Y 5= AR = -
Asok= 332 71EA]/ocK Aviation Meteorologi-
cal Office, 2024). JII=A1ZE AMOS 87 A H(33R,
15L, 33L, 15R, 34R, 16L, 34L, 16R)9] 1& BA5F
I 18 HhEE Awg olgste] I A (Do= w3
(loss) ¥ H&(gainyE AXISIIE o714 AREE W&
‘JEAG = LLWAS @} sdohs, ARIRe] 23k
Table 32} Zo] AAs3irt.

2.3 SN 7[Ht EDR =

EDR 4F&2 918 A=A LLWAS 91 A3
Ao YAt FEAA(WXTS520, Vaisala)e] vF
A=E ARESIATHFig. 1). EDR2 ICAO (Interna-
tional Civil Aviation Organization)o|A] Hildk=
A EF ARF71ECItHICAO, 2017). B3MIA L]
1 Hz %8 v (U, v)E ol8sto] ojiz] AHE
F 7]4ke] EDR(m*s )& 4] (4 olgsto] AHE31%)
THKim et al., 2021).

U o; @

21)”3 S( S }1/2

EDR =¢"3 = (

7oA S(f) & olvA] AHEY 9k, = 3

&, U= B934, o= Kolmogorov A<u; 0.53,

2.2 AMOS 7[gt 58S v; 0.707)°]tK(Strauss et al., 2015). Aol AR

337 =] (Aerodrome Meteorological Ob- x| AHEY Wro] I/gotddS 0.1~0.5 Hz
Table 3. The pairs of runway oriented loss and gain for AMOS

RWY33R RWY15L RWY33L RWY15R RWY34R RWY16L RWY34L RWY16R

1 33R | 15L | 15L | 33R | 33R | 15L | 15L | 33R | 34R | 16L | 16L | 34R | 34R | 16L | 16L | 34R

2 33R | 15R | 15L | 33L | 33R | 15R | 15L | 33L | 34R | 16R | 16L | 34L | 34R | 16R | 16L | 34L

3 33L | 15L | 15R | 33R | 33L | 15L | 15R | 33R | 34L | 16L | 16R | 34R | 34L | 16L | 16R | 34R

4 33L | 15R | 15R | 33L | 33L | 15R | 15R | 33L | 34L | 16R | 16R | 34L | 34L | 16R | 16R | 34L




=AY FHF A 73

3.1 AH=HS

Fig. 2+ AHAFATFO] S22 9T 31 I
9e yehd Aol H=AER] Bk 185
Z(15R-33L), 285F2(151-33R), 38F=Z(16L-34R),
48FE(16R-341)E o]FolA it} F8F HAPAA|
= ZF §F2EHE RWY, 1IMD, 2MD, 3MD, 1MF,
2MF, 3MF2 ®7]€9tt. ‘1M, 2M, 3M2 g2
YRE O] AE Uehie, 24 S22 A8dE 7
% &9 (Departure)= u|sk= D'7F A Hell #7]
Hy, =2 gx2E 8" 4 FEFEXfinal
approach)}& 9ulsi= F7h A Ho| 27"t} o
714 M2 d2l(18es oF 1,852m)% %351, i 3
SE7HA] 2715k

Table 49} Table 5% 20231¥ LLWAS 71 A=
A &9 53 o|8A] YA FHE F1 TSl
otk FHE WYL 1852 (15R-331)9} 2852(15L
-33R)9] 1,4083)(14%)Hr}t 38F2(16L-34R)2t 42
F2(16R-34L)°1A 8,97931(86%)= T A= A5
o} =2 20 I WY 79 Yl RWYO
Al 5,8083](55.9%), 2MFollA 2,67231(25.7%), 1MF
oA 1,90731(18.4%) <22 Uehth & ZF=z0
749, HiFEo] RWY(10,3653], 99.8%)0lA1 L4853
=3

o2

I d
5SS 4y

Fig. 2. LLWAS alert area and runway corridors
at Incheon International Airport

Table 4. Number of LLWAS alert by runway lo-
cation(arrival) in 2023

RWY | 1MF 2MF 3MF Total
15LA 164 52 45 0 261
33RA | 310 6 127 0 443
15RA 164 52 45 0 261
33LA 310 6 127 0 443
16LA | 1,524 | 386 0 0 1,910
34RA | 1,102 | 665 1,017 0 2,784
16RA | 1,524 75 311 0 1,910
34LA 710 665 1,000 0 2,375
Total | 5,808 | 1,907 | 2,672 0 10,387

Table 5. Number of LLWAS alert by runway lo-
cation(departure) in 2023

RWY | IMD | 2MD | 3MD Total
33RD 261 0 0 0 201
15LD 438 5 0 0 443
33LD 261 0 0 0 201
15RD 438 5 0 0 443
34RD | 1,910 0 0 0 1,910
16LD | 2,778 6 0 0 2,784
341D | 1,910 0 0 0 1,910
16RD | 2,369 6 0 0 2,375
Total | 10,365 22 0 0 10,387

3.2 LLWAS g & AMOS 283

Fig. 32 20230 2Ast FHE 5 LLWAS,
LLWAS_nims, AMOS F#%9] 37I4] A|A=0 & H|
w3k ¥ gejjmoltt IFZolA LLWAS AEL
LLWAS_nims® E7|5F3ich. B3PAA= 20234 9€
FE fTSo] A o] 2 Ao A= Qi) Azt
FHE SASE LLWASE 579, LLWAS A@S
849, AMOS FHE2 163¥0]th. LLWAS AdL
LLWASS} SARRE 43RS BYARE, AMOSE 3%
At AdHeE § ol uEhth LLWASS}
LLWAS A& 5 AIAF 7k9] Zjol7} Aoz =
I, SARRE 9 fElS Holt) ol LLWAS AEo]
LLWASS] 455 & Eol5lal a2 AR ot

oY
Ol
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LLWAS Ado] 9 F93447 =A vehd=t,
LLWAS €8s @A 5 AmEHet YEYR B4
Hxo] AjgkEl Aol Yolog HojAr} LLWASY
LLWAS A& ¢, 1195E 19714 Ag]or 1t
71540l 9zt BEAAEZY] gFo= FRF HA¥ol §l
Heke BIsH 4= 9tk Wi, AMOS %2 4~9
L7H] FHE W=7t =4 YERT ols IAEAHY
A2 23l 2lo]&2 BojXct LLWAS HEA 2 uicke}
IFe A Hof| = AX|=|o] AT, AMOS TZAIF
g2 FHAT JSEo] FHE A FYo] AiE
o7 I5tEo] ek T3 LLWASE SHF ofF ot
Al HAEL Z]42do] A-gElo] gt A1E 2
o, AMOS F¥3-2 2439 wigat Z3gro =t
otE R FHE FrA57F =4 U2 2o E Helrh

LLWAS A&, AMOS 3W¥, EDRS A4 9%
I vlmslr] fja FHE WYL TP Bkl
20234 11¥S giyoz AAES B4 HFig.
4). Fig. 4(a)= 3%¥% X(wind shear warnings)
o} LLWAS A& Uehd Aolch. gHE FE+= g9
= ZXAH|(LLWAS, TDWR S5)E 28slo] Hj=
(loss) ¥ A#(gain)°] 15 knots °A}o =z T=EA
U, A& Ao= JiE uf disH Hoh gHE
ZAE(wind shear warnings)= S939 FaAI7H:
71E02 AAGY] 24 SPo= HASIHFig.
4a~c). LLWAS A1t gHFo] dAsI9S o T
AL 2 YA, AL S A, 9 A, g5
2 Itho] FF - 349 JHE At Sk S¥F
AR |aA7e] AFS LLWAS A1t X519,
LLWAS AuEct 9% FE= 817 o Z2A
THSICE Fig. 4(b)= LLWAS A& AAI=R
LLWAS 711} 35| fARISIt HIS 2E AR

Wind shear alert
25

20

Number of day with wind shear

Fig. 3. The monthly number of day
with wind shear in 2023

oA ZolE HFAT, AHo] FFHo|IUe= &
QJtt. Fig. 4(c)= AMOS 3830 LLWAS AL
AR S Holuy, 11 ' WA UET ol
FHEZ F AFNAY SHEEAGE AL =
o], LLWASe] ®Js AH9] £} &4 gHo| Ato|7}
HRIo® Helth F3F ARSI OAE Ajo]E Ho|
=t, 10x2] LLWASS &) 18 HIARE A8
7] ol AR F2 FHETY S HIt
Fig. 4(d)= SZAIAE &85 EDR Lot B3t
MM L] IRE TEsto] 3417} 34R R4 A
%k LLWAS 7aret Bl sirt. EDRO| J=g s}
7] 918 $4%=0.24)2 14=0.55F FASIIH
o] & NCAR (National Center for Atmospheric
Research)ollA &7 dEE ol tiF 37l 4§
= EDR ARl LLWAS Aart A of
EDRZ HA2 F4= o9 3= Eoh 18y
EDRO] 7%= oY W LLWAS i}t g4 LAsst
A= Y9kTh ¥HE, EDRO] 3% o o LLWAS
A} LA|5l= 37t @ol, EDRo| 33 89 &
HET Aol 2= Uehdth. o= 9F HA1E
ek=t] 583 AR AAE 5 U3 AR

LLWAS @3+ AMOS 3939 &84 H71E 9
3] POD(Probability Of Detection), FAR (False
Alarm Ratio), CSI (Critical Success Index), TSS
(True Skill Score) 59 B7IX|4=5 B4t 2+
A 79| HoJe}t 42 th33t Zrh POD= AAIE 24
gt F9F 5 BAE HES YErdth gho] 19 77t
=55 G4 450l ks ulRitt

ko 4

TP

POD= b N

o}714 TP(true positive)= 3L, FN(false
negative)2 =32 9JulgltTable 6).
FARZ ©XH 59HF 5 AA G830 ofd 4%

9] vlgS yehdh. g2 00l 7tersE Eh

FP

FAR= 5 p

o}714] FP(false positive)= @ARE 9Ju|sic}.

CSle A Ae2 T¢Her Brlsks AEE,
POD®} FARZ H5F Jr3{sto] AT, Fho] 10 7¢
TESE G4 4ol 582 ougith
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Fig. 4. The time series of (a) LLWAS alert, (b) LLWAS_nims, (c) AMOS, (d) EDR in November, 2023

TP

CSI= P N FP

TSSe= ©A st A FA9R 9E gEe

et A x2, Pt &2 1, T dE2 02

Ehic.

FP

155=POD=p 7y

o]714 TN(true negative)2 T2 93l 49

Table 6. The 2x2 contingency table

Event observed

Yes No

Yes | TP (hits) FP (false alarms)

Event
forecast

No | FN (misses) | TN (correct negatives)

20234 1€ 129714 19 &% LLWAS Ad
©] POD, FAR, CSI, TSS&= 27+ 0.98, 0.46, 0.53,
0.958 UeRgdth(Table 7). PODOlA] SR1% 4= %
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o] FHFT A1 WAL = FA7FsFAANE FAR
o] thA o } 22 CSIE Eth AdE=E 7H&0]
CSI7} 0.592 7 &3k, o] 0.482 7Fg R3ict.

AMOS F#H%9] 79 POD, FAR, CSI, TSS= ZZt
0.52, 0.67, 0.25, 0.49%2 UEldth. PODE ofE0]
0.778 7P =A%t FARC] o} CSI:= 0.35& 7}

0] 7P EStHTable 8).

3.3 LLWAS M3 3! AMOS g3 UAIZ =8

A Aol A LLWAS A&@L LLWASOIA st

FHES R FAGHIAT, =gt FaE A
7= A Btk AMOS FHE9 49, g4 2
FARS Eith %2 FARS 24517 93 S48 74
I AAG) o B7Ex]49] WskE BASH Fig.
= FHE 43 AAGE 10~24 knots ol ¥
3IZS W POD, FAR, CSI, TSSQ] #3lE Hoj&E
t}. PODE 15 knots7HA| H1ZES Holthr} 11 o]%
HE 2} okl FARZ ATl Eod4E M4
wobAH}h CSI= 23 knotsolA 7FF =9k, TSS=
15 knotsollAl 7F =34t £ AtellAe CSI7F 7F
& =%d 23 knotsE A4 AARICE AHSUS
o), AA7]7k2] POD, FAR, CSI, TSSE 0.83, 0.21,
0.68, 0.82% POD(-0.15)2} TSS(-0.13)%= tha Rof
A FAR(-0.25), CSI(+0.15)2 71& A%
(15knots)®2tt 7AE AFE EFcHTable 9).

1 3iIT O

Table 7. Seasonal analysis of POD, FAR, CSI and
TSS for LLWAS_nims

Spring | Summer | Autumn | Winter | Total

POD | 0.96 0.94 0.92 1.00 0.98

FAR | 0.51 0.55 0.38 0.43 0.46

CSI 0.48 0.44 0.59 0.57 | 0.53

TSS 0.94 0.92 0.88 0.97 0.95

Table 8. Seasonal analysis of POD, FAR, CSI and
TSS for AMOS

Spring | Summer | Autumn | Winter | Total

POD | 0.49 0.77 0.55 0.38 0.52

FAR | 0.83 0.75 0.51 0.62 0.67

CSI 0.14 0.24 0.35 0.24 0.25

TSS | 0.45 0.74 0.52 0.36 0.49

J TN

— POD
FAR
— Csl
— TSS
-=- Best Thres. (CSI) |

-—- Best Thres. (TSS) |
L

Metric Value
o
(=]

e
S

0.2

0.0

f f ! T T T T T
10 12 14 16 18 20 22 24
Threshold [knot]

Fig. 5. Variation of verification metrics based on
threshold value for LLWAS_nims

Table 9. Comparison of verication metrics using
original and optimal thresholds

LLWAS_nims AMOS
Thres. | 15knots | 23knots | 15knots | 17knots
POD 0.98 0.83 0.52 0.41
FAR 0.46 0.21 0.67 0.52
CSI 0.53 0.68 0.25 0.28
TSS 0.95 0.82 0.49 0.40

Fig. 6& AMOS &8¥139] ARl WE B7HA4
Atoltt. LLWAS A&} v = QAke] S7Ft
4% POD, FARZ #4st9itt. CSIE 7I1Ee& 2%
AAIZE 17 knotsE, 1 o]s2= Axo] ZhAskgrt
AAZEE 15 knotsollA] 17 knotsZ ¥733H &, POD
£ 0.52914 0.412 0.110] RorgAeL, FARS 0.67
ol 0.52& 0.157F Rolxlth. CSIi= 0.259714 0.28%
0.030] =oFA 7WAES ERIE 4= UK Table 9).
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Fig. 6. Variation of verification metrics based on
threshold value for AMOS



gmgealn) ANVEARES LT QERATY FAE P A7 77
Table 9. Comparison of verication metrics using 9 g4 52 AT 4 AT
original and optimal thresholds B 7 ANE £ g5 FHE g AHo] 9=
LLWAS nims AMOS TN = AFLESARE E85t 9% FaUt 7t
310 3lolslad L 3l3y] 23} olAAL =
Thres. | 15knots | 23knots | 15knots | 17knots sTE Ao o= F37l 2% S ol
7. olH=A| AL u|E3t = T3jol| o] I
POD | 098 | 08 | 052 | 041 oo = o= ]*L Sl = Yl
o 5 . 5 T U8 582 Aol © 7o Aot} E9], &
PR | O 021 | 067 | 05 B Aol Hepse B 337 AnE ot
CSI 0.53 0.68 0.25 0.28 31, 23 990 FEAS 2T 4 QS AHoZ 7]
TSS | 095 0.82 0.49 0.40 =Tk,
V. 29 & A= Ab A

QUATA TG0 AXE LLWAS, TZ71A0E7gH]
(AMOS), BHAINE ol&sto] W3S AEsta, 1
E-84S Hrtsth

LLWAS EXg18E 5 Ak 243 31 24
Ag3to] LLWAS 127 A1 #SA=E LLWASE A
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T2 Akl 202349 FHE BRYYSE vwet 2
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oz e PrE Bty EFIAE 0|83t EDR At
&2 LLWAS A1t A3t AV S Hof gHE ¥4
o] gt o= 8ol & USS RIS

9T B4 452 B7I7] #1sl POD, FAR,
CSI, TSSY AEE £A45I9tE. LLWAS A9 %,
POD, FAR, CSI, TSS7F 22} 0.98, 0.46, 0.53, 0.95
2 AR g §HES iR FASHIATE, FARO]
0.46°% izo} A%0] tha WA Yehdt}, AMOS &
WMol AL POD, FAR, CSI, TSS: Z7F 0.52,
0.67, 0.25, 0.492 AA| ¥Ast F39] 50% H=
£ g5 A9 FARC] 0.67& %o} CSIE= 0.25%
Uebgth gx4%69] 7iAS H8l F¥E Fa 33
AAIZES E43t 23}, 7|2 15 knotsOlA] LLWAS A
Ho] AL 23 knots®2 AMOS HHE9 AL 17
knotsZ UERTE AARS 2o 2N LLWAS A
AL CSI(0.53 — 0.68)= 15%7F 3718191, AMOS

FHEL CSI0.25 — 0.28)= 3%/ 375kt &
HE B Agke skl PODS} FARS #@2
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