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ABSTRACT

A Study on the Characteristics of Wind-Shear

Occurrence in Yeosu Airport

Byun, Pan-Su
Advisor : Prof. Ryu, Chan-Su Ph.D
Department of Atmospheric Science

Graduate School of Chosun University

Lately, the air traffic of Korea has been steadily increasing. Especially
improving the level of the national economy with aviation and tourism, leisure
activities and population, light aircraft flying at a low altitude demand has been
noticeably increasing, accordingly importance about safe operation of aircraft is
required urgently.

According statistics from the U.S. Federal Aviation Administration, aviation ac-
cident investigation, ratio of approximately 219 of aircraft accidents is weather,
specifically the ratio of approximately 60% of cross wind, tailwind, wind shear,
turbulence, etc is wind(a large proportion). And aircraft accident is very high ratio
about landing(31%), take—-off(19%), landing approach(11%). Similarly in the case
of the Yeosu Airport, according to statistics over the past five years, ratio of 319
of aircraft operated abnormal factors is weather and specifically, the ratio of 37%,
34.2%, 10.4%, 9.8% 1is strong wind, low visibility, snowfall, sea breeze. Through
the above statistics, we know that ratio of cancellations about wind is very high.

Especially, Yeosu Airport is located in the boundaries of the land and the sea,
as a result wind is strong, nature of geographical conditions caused by wind
shear, because around the runway is formed by mountains, foothills about 1,000ft

altitude but wind shear has difficult to define to occurrence mechanism because it



occurs very locally and has very short duration of occurrence. Thus, the aircraft
has constraints take-off & landing and potential risk of an aircraft accident is
higher.

So, Yeosu Airport had installed wind profiler in runway for take-off and landing
ground near in August 2007 and has been providing wind shear information less
than the hight of 2,000ft. We were analyzed typical types of wind shear occur—
rence & cause and characteristics of wind shear through wind shear data from
wind profiler observations, various numerical weather chart, analysis weather
chart. And we were analyzed statistical probability about wind shear mechanism
of occurrence, wind shear observations each season, pressure patterns and pres—
ence of strong winds in Yeosu Airport.

Also, not only characteristics of wind shear occurrence at both ends of runway
but also frequency of occurrence of wind shear difference about Ulsan airport,
Gimhae Airport which has been operating same equipment(wind profiler) had been
analyzed. The results of the study are as follows.

(1) Frequency of occurrence of wind shear each airport is 2.54times(Ulsan
Airport) and 1.08times(Gimhae Airport).

(2) Frequency of occurrence of wind shear each season, month is concentrated
in the winter and spring. Especially, the distribution of occurrence of wind shear
is high(March, January).

(3) Frequency of occurrence of wind shear each pressure patterns is most fre-
quent in Anticyclone Border(256days/37.7%5) but, occurrence of probability is the
highest in cP expansion(85.7%) except the typhoon(100%).

(4) Frequency of occurrence of wind shear each runway is 2.1times more R35
than R17. R35 occurs more frequently than R17 all of pressure patterns.

(5) Representative types of occurrence of wind shear is cP expansion, cy-
clone(Rain)

(6) In Yeosu Airprot the main factors causing wind shear is strong wind, terrain
effects and in order to forecast wind shear, we should consider formation & en-
forcement of 850hPa trough, blocking of anticyclone in East-sea, penetration of

see breeze, frontogenesis(whether precipitation), north-south oscillation of sta-
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tionary front, cold-advection and so on.

(7) When strong wind occurs(10 minute average wind speed is more than 20
kts), probability of occurrence of wind shear is 93%. when wind speed is ob-
served more than standard of strong wind warning(10 minute average wind speed
is more than 25 kts), probability of occurrence of wind shear is 100%. But, just
wind shear occurrence doesn’t reach standard of strong wind warning.

As a result, first we analysis pressure patterns and then consider probability
of statics. In sequence weatherman discern comprehensive occurrence of wind
shear or not by applying each pressure patterns about major weather
forecasting factors in Yeosu Airport. If weatherman progress above procedure,
wind shear probability of occurrence may be more efficient.

I hope this study helps safe operation of aircraft in Yeosu Airport.
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Table 1. Classification of Pressure pattern & figure.

Pressure pattern Classification Figure

1. the pressure gradient(isobaric line) had
continuous placement in korea peninsula, west
. sea, east sea?(at least more than 3, line hPa ga .
(D ¢P Expansion is 2hPa) ( £gap Fig. 1
2. isobaric placement had north-south direction?
4. continent polar(cP) had went toward to SE?

1. the pressure gradient had 3 isobaric line in

korea peninsula?
2. it is not necessary to have strong gradient

@ Anticyclone continuous placement between west sea and east Fig. 2
Border(STR) sea. ) '
3. not only continent polar(cP) but also corrupt
anticyclone can be classified Anticyclone
Border(STR)
) 1. the pressure gradient had 2 isobaric line in
@ Anticyclone korea peninsula? Fie. 3
Border(MOD) 2. only corrupt anticyclone can be classified &
Anticyclone Border(MOD)
. 1. the pressure gradient had 1 isobaric line in
@ Anticyclone korea peninsula? Fie. 4
Border(WEK) 2. only corrupt anticyclone can be classified &
Anticyclone Border(WEK)
Anticvel 1. it had no isobaric line and korea peninsula
® Anticyclone had been located in looped curve of isobarice Fig. 5
Center line?
1. cyclone(front) included Cold, Warm had been
® Cyclone(Rain) located in korea peninsula and surrounding sea? Fig. 6

2. find precipitation phenomena?

1. cylcone(no front) had been loacted in korea
(@ Cyclone(No rain) peninsula and surrounding sea? Fig. 7
2. find no precipitation phenomena?

1. stationary front had been located in
Changma Xllrjrgl;ndlng korea peninsula in MAY, JUN, JLY, Fig. 8
2. find precipitation phenomena?
1. the eye of typhoon had been located in more
Tvphoon than north-latitude 32°?
P 2. trace of typhoon affect korea peninsula
directly?

Fig. 9
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A2-d Windsheard Ao 2 #A= A

1. Windshear 3¢ 2 AX 7|&F

Windshear:= wind$} shear®] &4 ojo|t}l. Shears X}E% AES) 9 =g 7HA
L Qlo] vige] AAA R EX Zi WMEES do7
7] 7-(ICAO)C o5t windshear= WhgHe] S&hof W3k &% T Weko] w74
3] Wt sk A= Aosta gt

T3 windshear R &FE5FH A% 500 m Atolol vephs wpghe] wsth
7F 15kt o] #ZEHAY, A& &2 Ao ogd uf dxsty FEFU)dHNAME
Table 29t #-& windshear %= 7|FS AAlstal Aoh2 2 Ao A€ windshear
5= windprofilerdl Al #&23¥ SEVHE =, %<& W34 eko] 15 kt o]l AL
7|Fo 2 sttt

o] =33 e] windshear =+ Table 29+ #o] MOD(Modernate), STR(Strong),
SEV(Severe) & 39AIZ Fiste] #SHM A3 wiFe ¥WstrE 150ft F3F Bt
2ho] W3} ko] 30kt o] AY W& microburst® #33le] FH T}

ol
ra
ox
tlo
Pk
rob
£
Al
2
=2
)
oSt

Table 2. Windshear warning standard of Yeosu Airport.

Intensity Variation of wind Note
MOD 5-10kt
STR 10-15kt Internal standard
Wind-Shear (Yeosu Airport)

More than 15kt

SEV Included Information
More than 30kt

of Microburst

1) Gain(8¥)%E+= Loss(HlE)e] w3}

2) ICAO Manual on Low-level Wind Shear(Doc 9817) AN/449 : Light(O-4kt per 100ft),
Modernate(5-8kt per 100ft), Strong(9-12kt per 100ft), Severe(above 12kt per 100ft)

_9_



2. Windshear &< #H]

Fig. 12 o483 windprofiler ¢telY ol Fig. 132 windprofiler #=4 +
Lolt

o,

[N}
(@)
o
ol
rf
w
e
™
o
o
r >
ol
ot
2
=

indprofilerg A %], &9 FolH, 20079 8YFH+=

oles@ddt dajeg@dels 22 T AnE dA sl st Aok

I E 28|
; =1=FIN
- aaa | 28R - t i
e BT vl |l OE
54 SHEIL USHESR ‘xpEsm - a
] e Mels s,
= o gy | (EEE T L— ¥
=maEama L2l ==l =am
==
= -
=n==J1e
[ATMI
- -
ST

ZHIE0H S2AI2H

PR

L S~
eI 1T A =
BEmEAsE ASN%. “BEJS

Fig. 13. Windprofiler observation network.

_10_



Windprofiler:= UHF %3 VHF 3o A3} W& A7z st nhga

A olFatE UiolA el o= As NEE

ot U = AT 14~20°0HF 7180l B4
T

o Wol7h B AMAEE FARAZE 24)sA frh 94 amelA 3
dgol AdAES 7Fgetar, Akl Wl HAH 7ol 62 5/ W AdEEE N
H tSFig. 14)3 Zo] v u, v, w AES A&E8le] 72 Wk AAERE
T3k}
i
1
1
1
]
[]
]
]
[]
]
[]
]
1
1
1
1
1
1
1
1
1
|
Vi =wcosh +using @ v
. E W
Viy=wcost —using - @ 2sind DO+©@
Vy=wcosd +vsind = ©) V=V D+@
Vg =wcost —vsing - @ YT Tosing
Vy=w e ® w=Vy
Fig. 14. System of measuring about windprofiler observation data.
71etet s T3 SAAEE(Vp=wcosO+ usint )5 -3t A Al

Vip ol #3238 248 02 ol nge g2 g dAsitn 44 o

]j}é]v‘_?: 3“7 le:l:" 7HO]L]— é}-g_— 0}4017101] ‘T‘7H-/] '% ?_ééﬁ

ol @ o frE BE AET} Bold4E we o

o
:Oé

tu
ki

e

ot

4»
0

~

=

Hn
:1

_11_



3. Windshear #3 X859 Az W4
Fig. 15+ &3 windprofiler®] windshear ®X| W B3 S*+dxX=Z1
e

(WOIOP, Windshear Observation Integrated Operational Program) %] -4

)

o

_

A

=

7k n
15

3

=)

-

of ZEIE T AXE F e windprofilerol A AFAHE = A
windshear 3 wlo|A2WAE XA FH A
|ojolt}. =, PCAS PCT+ 2+ windprofilere] Al
A85E APt $9Z2a9e vbA B windshear
1 ot AW E AFE F 719 windprofilere] AR E A A gl st
ojolt}. 7} windprofiler®] st=<lo] FA WgE W EI Al 294G 9
PCA<} PCTelA 7}%‘3}‘3& T3 9 x 2 adoA= PCAA
5 2=y 4R A

1l
il
S
(g
2
==
m{?'
M
N
o

Og{:,"
QL
i
B>
[kl
Im
do
RN
.

riet
o,
>

J
=

F2] 78]

o

>,

>

il

SE

s

=

o in
gm

offt

%

Olr

)

Mo
o
il

B>
&
[m
o

(o
>
B
1l
rlo

iy

of W
)
o
=
o R
o,
Mo
g
=
&
o
S
ofo
o
f
By
o
9
>
1o
1
>
N
)
_>‘i

N
B
il
)

I

i
=
oY, WE
4
i3
ox

L

IH

=5
= =

Ax2OH 4R

Ho

Fig. 15. Windshear Observation Integrated Operational Program.

g 2 Al2~"lo A= windprofiler®] ix=W wRgka}
Meteorological Observation System)#|4} w}2=}
g HtsA FAE TPt ASUAA S VR
gd5r FH A vieAEEs ZESHH, SdA dug 39A A=

windshear& ©X|3tal 4 HE #|¥ 3o},

o U
S,
4
N
ofk
_|>i
il
ol
o
=
na



A3d HEZFQ windsheare] 243

1. alo]| 22 2 E - Fig. 16
npo] A 2B A E (microburst) & 9 & 3t windshear 24L& W&o W& F4E &

772X, 4 km ©l8te] FHAYE 7HA & E‘r%‘fﬂ’k (downburst) =

fl

1o % % @
O&F.,JP,_E
Ojff:i-ﬁrir
;@%
<
=
o K
ox
rﬂm
ﬂgr
fz
N
ii“
ol —
4 =
(]
Loy
%5
ij
ol
331_
ol
EE
I
1-mﬂl
o
-~ \
iz
T
N
ol
Mool
oo
B
N il
N
4 2
o
2L

ol

4
oo
(ol
?_‘('

i
=
o

A SA et $45e el FEE npolaRwAES] FAAE VR A
180° 2 ¥ &}, =3 windshear’}t WERHTE o] AAELS XA LA A A vl &2
Az wAEla wre Ayl oA A S Fuksith ddk wlo]la 2w AETE XA

st 1 Aol 5~30% HEolth

2. A XA (frontal surface) - Fig. 17

b2 o2 AMo] 9 AFE A Ao A= Ao AZo wel T U Fio F
Wad, 9, dde F e Az ge sue AAxdelne e ge 1
= Atk webA Z gi7)7b mEEe g7l E sharse] 7] waEol (g
AAA) s e AS7IF7E EAST. ayEE dide]l X A A
windshear ¥ &7} @A gk} %“5‘], g A Aol A A= windshears= w-$-

TEY AAAE ZdE7] el I

e
59
o

oy
ik
HE
o
il
v
A
N
apx
>,
R
o
(i)
K
r 0

3) TH7|IAATA, 2009 1 LLWASE 43 A3 windshear 7

_13_



4. A8 9 7] et (terrain etc.) - Fig. 19
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Fig. 16. Case of Microburst. Fig. 17. Case of Front.

Fig. 18. Case of See breeze front. Fig. 19. Case of Terrain etc.
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Table 3. Frequency of total and mean windshear days at airports.

Year mean values

Month

Yeosu Ulsan Gimhae
Airport Airport Airport
DEC 22.3 5.0 18.0
JAN 243 5.7 19.0
FEB 19.6 4.7 16.0
MAR 27.8 6.7 10.5
APR 22.8 7.3 15.0
MAY 17.9 7.0 13.0
JUN 10.7 7.3 7.0
JUL 15.3 8.5 10.0
AUG 13.0 5.5 7.0
SEP 5.7 2.0 11.0
OCT 15.7 3.8 16.0
NOV 16.7 3.8 15.0

A2d 9 AZY windshear T4 EX

F&3 9 windshear G AL E 212909, 39 2789, 1€¥€ 24349, 4¢
2284 o2 wol WA I 99 57¢, 6¢€ 10.7d o2 A A.(Fig. 21)
Windshear2] Al-d9E v A(Fig. 22)2 AHHEE 53, 4, 59)°] 69¥U(32.4%),
7A&(12, 1, 29€9)°] 66¥((31.3%)-o= ol WAL, o &6, 7, 8¥)o] 39¢
(18.4%), 7F=(9, 10, 11€¥)°] 38¥U(17.9%)= H]s=3stAl YEFS:
T AR FF TALL F 62doH, 1€ 141¥, 12€ 10¢, 3¢ 9.1
Aoz wol WA 6¢ 034, 8Y 0.7d-o= AUk
FFA0E HAFE 20 kt o] )] A dALS AurH, A2 1, 2¢)°]
1079(53.0%), #(3, 4, 5¥9)°] 63¥€(31.2%)co= wWo] WA 7+5(9, 10, 11
)o] 26¥(12.9%), 56, 7, 8¥)o] 64 ((3.0%)=E 7 A e

o

>
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7148 T4 windshear HAH TS A HH Table 49 2t

Table 4. Frequency of total windshear days for Pressure patterns.

Pattern Anticycl  Anticycl  Anticycl

cP one one one Anticycl Cyclone Cy;l]one Changma Tvoh
Month Expansion  Border Border Border Con? (Rain) R( 0 (Rain) yphoon
(STR)  (MOD) (WEK)  center ain)
DEC 21/22 8/9 6/10 10/20 4/11 18/21 - - -
JAN 48/57 5/8 11/23 3/9 7/14 8/11 1/2 - -
FEB 20/26 8/13 12/20 7/14 4/17 16/23 - - -
MAR 11/12 16/18  23/26 9/13 11/18  20/31 4/6 - -
APR - 14/17 9/12 9/15 12/34  34/44 - - -
MAY - 3/4 13/19  13/26 5/22 24/46 3/5 -/2 -
JUN - 1/1 4/7 3/16 3/15 15/41 2/4 4/5 -
JLY - 1/1 1/4 9/20 3/8 22/42 1/2 8/14 1/1
AUG - 1/1 3/11 9/31 -/7 20/34 2/6 1/1 2/2
SEP - 1/1 1/9 4/33 -/11 5/30 -/1 - 5/5
OCT 2/2 2/3 7/13 12/31 7/20 1724 - - -
NOV 12/14 6/10 2/11 10/17  10/23  10/14 -/1 - -
114 66 92 98 66 209 13 13 8
Total / / / / / / / / /
133 86 165 245 200 361 27 22 8
Probability 16.8 9.7 13.6 14.4 9.7 30.8 1.9 1.9 1.2
%) / / / / / / / / /
85.7 76.7 55.8 40.0 33.0 57.9 48.1 59.1 100
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Fig. 29. Frequency of monthly total days [Cyclone(Rain), Windshear]
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Table 5. Monthly Alert Occurrence of current state about windshear at
runways (R17, R35).

R17 R35
Month Total of SEV

SEV SEV
JAN 791 968 1,759
FEB 358 343 701
MAR 261 815 1,076
APR 381 808 1,189
MAY 75 670 745
JUN 25 196 221
JLY 36 297 333
AUG 20 257 277
SEP 15 38 53
OCT 103 404 507
NOV 415 381 796
Dec 371 813 1,184
A ) 2,851 5,990 8,841

1200

—R17
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Hg 30. Monthly Alert Occurrence of current state about windshear at runways (R17, R35)
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Fig. 37. Case of transmutation cP extension (2008. 01. 15. 09KST).
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Fig. 38. Case of N-E trough extension (2010. 02. 04. 09KST, 21KST).
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Fig. 39. Formation of See-breeze.8)

8) Extract from NWS - Jetstream Online School for Weather.
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9) Aviation Weather Handbook(Terry T. Lankford : 23-1)
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Fig. 45. Case of Warm front - Windprofiler Observation (2009. 05. 16.).
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Fig. 46. Case of Cold front — Windprofiler Observation (2009. 05. 17.).
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Table 7. Probability of Windshear (Cyclone) - Detailed Statistics data.

Frequency occurrence gggﬁgggg Windshear

Core state days days Probability(%)
Cyclone(no rain) 27 13 48.1
S 26 14 53.8
SE 28 13 46.4
SW 70 38 54.3
Cyclone(rain) N ° ’ 60.0
Y NE 27 2 88.9
NW 23 20 87.0
W 26 19 73.1
Boundary 156 78 50.0
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