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ABSTRACTS

The Classification and Prediction of Fog in Incheon Airport

Lee, Choong-Tae

Advisor : Prof. Ryu, Chan-Su Ph.D
Prof. Chung, Hyo-Sang Ph.D
Department of Atmospheric Science

Graduate School of Chosun University

ICA(Incheon Airport) was awarded Best Airport Worldwide in 2005, while
having been settled down as a hub airport for North-East Asia. Nevertheless it
recorded 11,685 cancels or delays out of 541,125 total in air traffic operations for
the recent four years. Among 11,685 cancels or delays, cancels which were caused
by weather, were 1,694 (14%), primarily which caused by fogs were 968 (58%).

For the purpose of improving the capability of fog forecast, we analysis fog
climatology with the data collected from 2001 to 2004 and developed the
AWSRPS(Aviation Weather Short range Prediction System). In addition to analysis
two neighboring weather stations, observed on Gimpo Airport located in inland and
on ICA, Incheon City in seashore, respectively.

Fog cases during the study period was characterized by occurring causes into
radiation, advection, stream and front fogs according to the classification criteria
being employed at operational service in Aviation Meteorological Office. For fog

classification, surface weather data collected from neighboring regions that may

_ix_



significantly influence fog occurrence at ICA were analyzed, while upper-layer data
from Baengnyeongdo and Osan, lighthouse data from Yeonpyeongdo and Sonmido,
sea-surface buoy data from Deokjeokdo, respectively.

Analysis on the occurring characteristics of fogs using observations reveals that,
in both ICA and Incheon Weather Station, most frequent fogs took place in
summer (97 days - 36% and 64 days - 39%, respectively), least frequent in Fall
(34 days - 13%, 17 days - 10%, respectively). On the contrary, at Gimpo Airport
for 71 days (36%) in Fall, while 34 days (17%) in spring fog took place on
average. This indicates that Incheon was significantly influenced by sea fog, while
Gimpo by surface inversion of inland in Autumn.

Each frequency of fogs occurred at ICA was in the order of 162 Advection fog,
143 Frontal fog, 71 Radiation fog, and 36 Steam fog, respectively, being commonly
influenced by South-westerly advection in summer, while precipitation falling into a
weakened inversion in summer and shallow cold pool in winter.

In this case of radiation fog, 32% was occurred from October to November,
mostly between 0400~0700 KST of 37 events (52%). For advection fog it
occurred in July with 40 events (25%), while most frequently between 0400~ 0700
KST of 52 events (32%). steam fog took place from November through March,
most frequently in February with 14 events (39%), while frontal fog was formed
mostly from January through July with 126 times (85%), primarily in the morning
with 101 times (71%). Under saturation deficit, with no significant correlation with
any cause for fogs, below 1.5C fog was mostly formed as many as 375 times
(91%).

In order to analyze the fogs at ICA in terms of main cause, numerical
validation was conducted under the Short-range Aerodrome Forecasting System.

NWP(Numerical Weather Prediction) model can simulate synoptic background



similar to field observations in fog forecasting, but significant differences in
simulating pressure system flow speed, wind and humidity at local scale.

Radiation fog (Case 1) can be formed in general under pressure pattern with
saddle type or weak pressure gradient and surface inversion, while negative value
at surface but positive value at upper layer in Richardson number with about 200
m height.

Advection fog (Case 2) can be characterized when South-westerly wind was
dominant and surface inversion took place with 7~8 kts South-westerly, 5~7 of
Richardson number and below 100 m height.

Front fog (Case 3) occurred commonly when front or low pressure passes
through Korea with 7~8 kts southerly wind, 5~7 of Richardson number, and
below 100 m height. At ICA when the humidity was about 98% with 1~4 of
turbulence, the cloud water (fog) condensed on the surface was correlated with fog
events.

For more accurate fog forecasts in Korea in the future, we need not only more
dense observation network, but also radiometers at each aerodrome station to
analyze observation radiosonde. Furthermore, great effort should be made to develop

NWP models that can reflect complex nature of Aerodrome's topographic features.
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Table 1. The operation results of Incheon Airport (2001. 7. 1~2005. 6. 30).

Year Times Passenger Freight(Ton)
2001 57,840 9,618,682 962,024
2002 126,094 20,924,171 1,705,897
2003 130,185 19,789,874 1,843,055
2004 149,776 24,084,072 2,133,444
2005 77,230 12,436,802 1,238,032

From : Incheon Airport construction
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Fig. 1 The cause of aircraft delays or cancels.
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Fig. 2 The meterological cause of aircraft delays or cancels.

H FE71e A7 A2 e 2SR A oAy THA F

=
g oltH(Tremant, 1989). 7ol #F d7+= tE IMET AAJFHA o] Ha3h



A

|

=

7]

Az s

p8A

=

il

1 19704t < =70l

k]

1 A3
of o

=

5+

ai

9

2 e}l

o

3

TA77F Ustth(Roach et al, 1976a, b).

S oldlstal o=

=

A2t o & (Taylor, 1917) X&) o] i},
uk

Adgtel =Agte] w

AT

b

AFAA -2l

Moz wzs AAH] g}

L

A

B
=

A

=3
o

o)
ar
o

N

4
Mo

%

(7174AF2, 1986) S B3}

T O13dT4, 2001),

Sl
AT M(7)AT2, 2002)

A

=
o

=

=

3 5-<]

9

%9

1

9]

Zu

= 477t ©f

A| ol ok F7f o

AT 20019 % 20043 7R

+

£

bl M4 o)

S

g g

%

CIREZE

AH

sk, AAE A E FE7I8HCAAM eFTd FARD

S

4%

=

=

e &

QAN AL

o
o

jariy
o

o

wjr

d =2 o] gk,

L

.

5t

°

B4 A9E FWew S ATs 4

B

T
=

14

b

PN
T



0 AEZXAE £

Fod 2001 1€ 19%

S

_CH

E Aol A
B 20049 122 31714

—_
o

il Fig. 3014 Hi

9]

2 b Al LA 7

;OO
Ho

;.A1_
0

~,
;OO

o
oF
mj

B

—_
o

NR

HAGANA o]

B

o

I

-
< §
gg ©O
R | =
5§ .
W iE \
, Lw ?\- YN _ |
i e © ot < CoE
@u& Ay i Mk
TE g , o5
K o - %
Sg 4P - —
t .Mom - ' m
. B2 83 £
g 4D g g3 B
2 & g2 )
y m ng 0 & B
I, @ 8 o °
o e Q g 5
MU 7 -] =
¢‘ f= ..ﬁa.
3 s 9 =
. ‘e .".4. W
{ = 3
&, 22 g
i@ g 2 B
4 £ E
B A
=] s W 3 .0
g < D a2 4
Q o 0 - ¢
| | |
Z Z Z
[00] N O
M M M

125°E 126°E 127°E 128°E

124°E

Fig. 3 Weather observation point.



o] A B AR=

)=
F

1ol ANEA oF= 7%

9]

Sl

|

o

.
3

A

]_

712z 2k, A

o

914

el

b

el
_zﬁo

Al =Fel A ]
71 <l

S

A

&

A
24

TH

<]

)A
i

ATt

—_
o

= & O
AR

PN
T

(AWSRPS)2& ©] 43}

1) Combined Meteorological Information

2) Aviation Weather Short Range Prediction System



2% 329 A9

9 oM E w oM %
B N © W £ T _
¥ oW = B S =
o — !
ST o Tl o
— T T X =
)A ~
Mo Ao ® ) -
ﬂ ~ —_ L_L 0 _rO
L2 oww L
B ;OO MVJI — —_ —_—
s o P W = ) .
ECE ST uﬁrnm_ m o mm
oo Rmu No 1~ N
M = & B 0 W el .
3 BT g N [y
g o 5 ﬁ M,m X L]_ m ok
R W 2 > ®
N ) o o] © =
- = &_. —_— 1 J
= e Uru
3 . ~ oF R
o .0 M B ! iy =
.»IA,I - :._o OM — H__l o=
. e D o2
HoE s o+ M T
o K m o n ol %
Q_o oo ooR N_.L oa &_. < =
- W o= T o Bo ot dm =
o o~ ok T
u < o Ty 2w R
Mo & F g ol ¥ b o m
_— ~~
TITE EeeoaC
v &S Bx T
I = \© 2y NI < o
AN AR B
® e = B T X ® T
o) WP il oW oo
R T Yo ™

Fig. 4 The terrain map around Incheon Airport.



A9 370 AHe 2000AFE 2004712 AL LSS Fig. 59
ZE= 20019 67Y, 20023 579, 20039 79Y, 2004 67¥ = E}SIT)

B. SN LA H3
1. 4549 SHASN dF

o 18Y A= AA e

)

B A%

1453

o

o)
;OO
Ho
)

~H

2004

2003

A7 et o)

=
Year

Q)
OlIncheon airport O Gimpo airport E Incheon weather station

Bt 26
2002

)

RS

2001

Fig. 5 Fog days in yearly from 2001 to 2004.



2. € NN A

AAFFH 2 BRG] 2001d5H 20043744 43 Feke] 49 oy o
FE Fig. 69 YeRA =, AHFF2 AA 2708 F 790l 454, 59 38%,
ol 349 Fo= Wo| Yepton, 129 74, 108 104, 9€l 1
A VERST

AHe HA 1669 F 7€ol 33Y, 99, 10¥, 12€)] 5¥ To 2 JAPdF H
2~129 AA bt 28y AEFE2 10€0] 30, 119 25, 19 24
$o 2 Wol el 496 79, 12€9) 99, 6¥0l 129 <o 2 AA Jehytth

dEAA e €9 RIS vlas)

©
M
o
o

w
=

AAg7E 796 7 Bal 1290 7 A2 H
o 1090 7HE B3 490 b AL AFE Holw e
AHE sictrkel A8 9o} sfFe] 9 Bu oy AEFFL YHel AA

3l o} Zhed Ayl o7 EAMRY e wa es & F ok

50
45
40
35 =
30
25 =
20

[OJIncheon airport [ Gimpo airport M Incheon weather station

Days

10

1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 6 Fog days in monthly from 2001 to 2004.



3. AZRE TS

—

822

of 97Y, &

£ o8
AA

3ol A

913

dl,

-
Qe

=
=

31Y,

o 64, E 54, 7}&

=

o5

L

.

4

%
Tl

Fig. 761 peh)

free

o2 AHA Yehu

3.2.29]

.
L

o]

el
free

=
g 4

o AR Q) WARE o

23l

o] %

93}

1

o

free

=3
o

Winter

Fall

Season

[dIncheon airport CGimpo airport M Incheon weather station

Summer

Spring

Fig. 7 Fog days in seasonally from 2001 to 2004.



i

=

=1

, 2006)2 Ao =Hw T

2]

HAE 717 B5A1 A

°

A

AR A7} 1,000m o]

=
=

[e]

H o) 9

[¢]

1. &

oA ofzt ¥

!

,AO

of
8

7R

o7

o

o o
EERROY

=
=

A 3

o2 olF

%

3

jlN

—~
o

=27)248}3], 1999).

3

7F K

of

i
-

I gshe], A%

9]

o o

_]

%
B
o))

Eigd

of Z3g

—_—

0

Yo

B

R e

1o},
E%—

0]
yil

bel 7
3

0y
hgoln Agel A

°

2
e Wzt

o

3L

Wl 7173

L

.

L

i

=

=1

.7_

L

.

T, BATY @A

_10_

o] Wztgtel wel 99

oy A Frhdh 718748}, 2001). AdHow
sholl A iR I L7 Hal A &Aoo

=i
=4

=

HRIW S, 1986).

5HA] e
st = 7]

°

Ay AA A W S] LAY

g
i
, Sl RTE BAE Rk T

5
}

0]
yal

A= AY A
tH(Houze, 1993).

E
=
T

T

s

Aol
wol Ao

[e=]
=

al

B
L



flN

—_
o

]

]

g

jlN

N
!

3 A

13

w

<

7|gol7t &

3L

o

A 7]

)

2]

3

Ay
gils

171 ¥
A S| A= Table 29

)

o] Ath(Oliver, 1978).

dhoNA &

z]r_

£

A==A ]
o] kx| 9%

Ea=iied N

]_

oA 2

W BARRE B

A
23 AMOSY) AzollA £2 4kt o]3h9}

3

€]

0
_zﬁo

b

S

2o g HAA

90% °] /¢

=

}6]'

11

}o] AMOS A} oA

3) Aerodrome Meteorological Observation System




Table 2. The classification standard of fog type in Incheon Airport.

Division Analysis contents Rad. | Adv. | Str. | Fro.
. /O Radiation fog/Saddle area, Center of
Meteorological ] )
isobaric (500km more) ¢ ©)
chart patten ) )
O Front fog/Rainfall by front passing
Yeonpyeong-do| fog occurrence o o
Deoljeok-do " o o
Summi-do » o o
Western sea | Satellite fog image (western sea) o o
O Steam fog/T) SST(2'Cmore
SST fos/ (2 Cmore) o0
O Advection fog/T) SST(2 Cmore)
Wind O Radiation fog/w <4kt olol o
speed(kt) |O Advection and steam fog/w) 4kt
Relative
More 90% o o o o
humidity
Skew-T Surface reversal occurrence o

#¥ Rad. : Radiation fog, Adv.: Advection fog, Str. : Steam fog, Fro. : Front fog
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Fig. 9 The distribution of wind direction and speed in radiation fog cases.
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Fig. 11 The distribution of wind direction and speed in steam fog cases.
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Fig. 13 The difference air temperature from SST in radiation fog cases.
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Fig. 16 The difference air temperature from SST in front fog.
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Fig. 17 The distribution of humidity in radiation fog cases.
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Fig. 19 The distribution of humidity in steam fog cases.
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Fig. 21 The distribution of occurrence time for radiation fog from 2001 to 2004.

BAME A& Fig. 2201419} o] IAlo] Alzbe AlZbR T 2417 $91 224 F-H
el AlFbstaar, 7HE wel A E A4 = 5~104] o 503]7F @A st 70%E
Holil itk ol& &, 7heol 712 duxrt 33, LA HA AH o3 HAL

2y Hog EAHY.

o] F % AL Fig. 23014 H o} o] 16A15E TAE 7] A FHEle] 2043
B 2SS 11312 F7hstdth o] /iR E HAMRSL wiibA R AW HA AL ET}
Yehs 4~7A171A] A8 1628] T 5232 32%7F HASIATE ole ol FEF

2l DAFETE HAE dFo|A G717 FYdE = 5~8€0l 12632 78%7F A

7] Sl 9@ olRR WAe] glee %l Fu AEd, of AvldE @
AzF JEH71d] gH el F71%7 @S 9k

_28_



12

T T T T T T T T T
11 L] - ] - - - - - - - -
10 F - - . - - - . - - - - -
g | PR & T T,
8l s = 2 & = = & & = = = = -
= I * - L il ¥ . » - ' L
o
% a6 - - . - - - . - - - .
5 . . . e . e
4 -
3 - - e T
2 F - N . - - - . - - . - o
1 I 5 1 ]

. . ) . . ) . .
10 171 12 13 14 15 146 17 18 19 20 271 22 23 24
Time(hr}

L
1T 2 3 4 5 &6 7 B 9

Fig. 22 The distribution of disappeared time radiation fog from 2001 to 2004.

12 — —T—T —T T P —p—r T T
[ L S R S - S T -
104 = o= me o wm B m cm omr ocmt omr e me ode mn ogm m e coms om0 med
o) - B« = g = = . = P

= P -

=

=

(=]

= & o ow E B

10 171 12 13 14 15 146 17 18 19 20 271 22 23 24
Time(hr}

Fig. 23 The distribution of occurrence time for advection fog from 2001 to 2004.
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Fig. 24 The distribution of disappeared time for advection fog from 2001 to 2004.
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6) Korea Local Analysis and Prediction System
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Table 3. MM5 configuration design for experiment..

Items Description
Dynamic Nonhydrostatic
DX 18 km 6 km 2 km
Dimension 148 x 148 115 x 115 82 x 82
Time steps 48 18 6
Vertical layers 35/50 hPa 35/50 hPa 35/50hPa
Forecast Time 30 hrs 30 hrs 30 hr
Initialization Assimilated by MOthGI" dom‘ain 2 df)main‘ (-way
KLAPS (l-way interaction) interaction)
Lateral BC Time and inflow/outflow dependent relaxation
Micro physics Reisner 2
PBL MRF
SST GOES-9 SST (resolution 0.1°)

Ground Temp

5-layer soil model

(a) resolution 18km

(b) resolution 6km (c) resolution 2km

Fig. 35 The nested model computational domains.

al
g AgRed, oe

MRF PBL¢] &%to] ZE& AAFTAA & WEo] di/

BAS E834> MRF PBL(Sela, 1982, 1988; Hong and Pan, 1996)

il



Z Y e a2 (Wyngaard and Brost, 1984), 3t=th 719 29} $&, AAE 1x9}
T59 ¥ d=s=d & (Holtslag and Moeng, 1990)3}7] w&o|t}h H3, |
el =9l S8 AME fEte 55 EY Ed(5layer soil model)S AME-3E 14|

Aoz P AR A5 E Abetal ok 28al X R Z7]d EA
sHA He Rl 2A9 FAE gsteta FAURY FHS P79k
B Z7IAZ o] 6413 FQF 4 5 (Analysis nudging)

S 7|Hto g 4319 AR FIHFDDA)LHS F &34 "ok

RE #BA= zo] HIsH FozM 7] 2 AA A8t Run AL £
sto] R RAF O AS5S A= F8HH A5 F3EY g WHo|th SR e

AR mdd] fJHEE 4

=
o RAHE A EAAG mdo By B A4 7Y

9
v
rob
to
By
2
fr
i
2
=
N,
ox
=
o
4

td

<
to
_>|.1_1/
fru
bl
ind
Al
bl
%o,
lo
e
Mo
1%
to
)
rr
o
flo
N
A
9
fu)
ol
2
4
X
2
f
td
()
Lo

o

Zpoll 7bg @AEA 7]
Baumhefner, 1988)= ¥=57171739] QAHEW ofyel B AR EIXHoSU=
#5 AE Wi A A BAEH, gdd RN 5T ol5 HAFEZH
Qe AEel ofs) oS Srgh
W 7] EAeAM ol g RdoE 53] BA w4t R 2yt
I RS 2 AR HFEY] B8 7195
gtk ol2gk 3] R FAE FES] 3 T Yo T 6AMHTE 34

b, BAIZEEEE 1A £4 B SAI AR F50] BARE ASAIH Y Hee
and Benjamin, 1992).

_42_



Ho=g

1

OO]

94 O:] Ei 7]—;(]

7] o

)

Fol =AY

S

Q

[¢]

=}
A)

L o
(@) ~
Gl :
£ ¥zg ¢
SR ILE 5w
o ) A ~ o ~ ) o
= s o X PGS i
N = Moo do T = X W
= D e T 2 & P = o T
g n =3 w0
PozEvd A y 2 &
= 3 o o M o 0w @ %
D a Yt BEEE
_Z g B — o ph i = s Hur K
= @aﬂA 7 o ® wp omigo
;01_ T &O .HL “w X o o ‘_.I;I m ‘M%/ M.o o o f
glo x 5 T 7 & N i < 4 o =
- > T o = o o T B2 2
U,._ K ~ ;01_ — X —~— o 5
y o p B S i S CE Ty
i g2 by =T 7 B ga woe UG
L
jinid <| NN T 7 o N La o oY M_ X
X —_— A ol - No T ~ K
A <~ 7 oo o N od L ng W o | -
o Nr W wmo< mo o B N8 @ = wow ol <
x T & ) o "o T | o gzﬂm
~ = 5 ) — ™
(S N w K Il s i UF =z, B W ™ W —
T om X = DR m - T = qoE o
T R < o I, R B o = R
—~ < = ar ° T oI~ —_
= N 3! w XK s T ¥ T
o %0 NS ol = o ol Br ean! —
& QR 2w T © 3 A
™ o . oK% il oy o KA Lo =
- B ® 1o x 9 o it - 5 5 5 o
SRR 1 T O & T < B T oA =
u% o e = © & aawv B 3 = Il el o ) W
~ T o g — oy N I
:ﬁmwa; nE kgl ) iqwi
ol © I~ N
O_Ewﬂommow MWJT@# MTNQ@EO
PN LR PoEIe
=% X & Y= T 2 E XD B R
S5 & o 0 an o i . o] W =
o e ' - ° [ MWru 3 T oo I ) w B
O x ) o S TG W o T
S om o = B S Y N
w o T o e ¥ o = 7 » ¥
L_L ‘Ui X ~y ol N UrL ‘Mu
Aﬂ o ~ ‘M E_E T ¥ H_x
o N & X
5 o m m_
o mﬁ Br ‘X|o
NI OT <

2
7 of] A 2]
TEE

== (cl
(cloud water), "7 (cl
fe] cloud ice
)2

- 43 -

PN
TEE

L
—

o) = ( RS
Bl = (rain w.
at [
er), i (snow) 5< ©]
< o]l&s
g3la] o}
&

o=



Qagor Ly ojmz HrHor NYel g He x,- 000D o)
a3 714 Ce M2 UE (g 3)olH, Bk l) B 2ol w2 24+ Ao
o @, B

= Coll met olgfsh e BN He wn}

TEE = 14470C"" : Kunke(1984)

I,
e
|

= 224C"” . M-Pdist'n

oL
o2l
|

= 327.80C"" : Rutledgen and Hobbs(1983)
I = 10.36C""7° : Stallabrass(1985)

gepd] FARRAN AGL WA E Age 7
zoh A go] e AYoz ols) & 4

T ew, Aol 1km ofskel A|H2 ¢
dSH= AGe= ol

ol
]

T AUtk

B. 37} §8 54 24

Ol f3eo] ML 2004 d A QA

LA o] AFEol de 5944 795 FA
o2 W A WMAYSF wet 3 F¥S AdAs] Sl 2 - 2 AL T

I ogEE )R8

32 Table 4°] YeEHAT <7
olg]z} =HZF A E Be g

o

FAH Polg meishe] B -

Table 4. Fog cases selected for study.

No. Fog occurrence and disappear time Fog type
Case 1 2004.09.16.0500KST  16.1100KST radiation fog
Case 2 2004.06.21.0500KST  21.0800KST Advection fog
Case 3 2004.05.12.1600KST  13.0300KST Front fog
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Fig. 36 Observed visibility(m) from 0100KST to 1500KST 17 September 2004.
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Fig. 38 Fog images of GOES-9 from 0301KST to 0610KST 17 September 2004.
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1200KST 17 September 2004.
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Fig. 43 Simulated meterological charts at 0900KST 17 September 2004.
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2004.
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Fig. 48 Observed visibility(m) from 1500KST 21 to 1500KST 22 Jun 2004.
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Fig. 49 The meterological chats at 2100KST 21 Jun 2004.
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Fig. 51 Observed humidity(%) and wind barb(m/s) from 2100KST 21 to
0900KST 22 Jun 2004.
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Fig. 59 Simulated relative humidity(shading according to key at right),
Richardson Number(red solid), and cloud liquid water(blue body) vertical
cross section along A-B from 2100KST 21 to 0900KST 22 Jun 2004.
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May 2004.
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Fig. 69 Simulated visibility(shading according to key at center low) and
wind vector from 1200KST 12 to 0300KST 13 May 2004.
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Fig. 70 Simulated relative humidity(shading according to key at right),
Richardson Number(red solid), and cloud liquid water(blue body) vertical
cross section along A-B from 1200KST 12 to 0300KST 13 May 2004.
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Appendix 1. The status of Incheon Airport's Fog(2001).

Month  Day Occurrence | Dissipation Continue time Fog type
01 07 07:20 17:37 10:17 front
01 07 19:00 20:00 01:00 steam
01 10 22:22 22:30 00:08 front
01 10 22:38 23:40 01:02 front
01 19~20 18:48 10:54 16:06 front
01 20 11:55 13:43 01:48 front
01 21 05:29 06:00 00:31 radiation
02 02 14:16 15:35 01:19 steam
02 15 08:45 10:00 01:15 front
02 15 10:34 14:46 04:12 front
02 19 07:07 13:46 06:39 radiation
02 19~20 16:10 19:25 2715 steam
02 20~21 22:55 01:13 02:18 steam
02 21 02:41 05:05 02:24 steam
02 22 03:05 05:36 02:31 steam
02 22~23 20:18 00:38 04:20 steam
02 27 18:41 18:51 00:10 front
02 27 22:00 22:28 00:28 front
03 02 06:35 10:36 04:01 radiation
03 04 09:13 09:22 00:09 front
03 14 20:19 20:43 00:24 front
03 19 02:05 10:42 08:37 radiation
03 25 08:47 09:30 00:43 advection
03 25 09:49 10:21 00:32 advection
04 02~03 23:23 00:14 00:21 radiation
04 08 02:13 05:30 03:17 radiation
04 08 05:53 07:00 01:07 radiation
04 18 07:17 08:31 01:14 radiation
04 18 08:48 09:19 00:31 radiation
04 19 02:00 08:40 06:40 front
05 02 18:37 20:48 02:11 advection
05 02 21:15 21:24 00:09 advection
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Appendix 1. Continued.

Month  Day Occurrence | Dissipation Continue time Fog type
05 02~03 22:48 00:07 00:19 advection
05 03 00:25 09:13 08:48 advection
05 07 17:45 18:00 00:15 advection
05 07 18:20 20:00 01:40 advection
05 09 07:24 07:40 00:16 front
05 15 19:00 21:17 02:17 advection
05 15~16 21:50 00:03 02:13 advection
05 19 17:13 19:40 02:27 advection
05 20 01:55 03:30 01:35 advection
05 20 20:07 23:05 02:58 advection
05 21 01:11 08:10 06:59 advection
05 25~26 23:25 02:00 02:35 advection
05 26 02:39 03:30 00:51 advection
05 26 03:41 07:10 03:29 advection
05 26 22:00 22:30 00:30 advection
05 27 05:09 07:47 02:38 radiation
06 04 01:54 03:23 01:29 advection
06 04 04:44 09:30 04:46 advection
06 05 05:30 06:30 01:00 radiation
06 09 00:30 05:00 04:30 advection
06 09 06:30 08:00 01:30 advection
06 18 06:10 10:47 04:37 front
06 18 11:11 12:00 00:49 front
06 24 16:50 17:17 00:27 front
06 26 03:30 04:03 00:33 radiation
06 26 04:22 04:46 00:24 radiation
06 26 05:10 07:00 01:50 radiation
06 29 09:45 14:00 04:15 front
06 30 01:00 02:00 01:00 front
06 30 06:21 09:30 03:09 front
07 01 05:19 05:46 00:07 advection
07 03 12:05 12:16 00:11 advection
07 05 09:19 09:32 00:13 advection
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Appendix 1. Continued.

Month | Day | Occurrence | Dissipation |Continue time| Fog type
07 05 12:54 13:51 00:57 front
07 08 07:11 08:24 01:13 advection
07 09 05:15 07:50 02:35 advection
07 10 18:23 21:30 03:07 advection
07 11 00:35 09:53 09:18 advection
07 11 10:11 10:36 00:25 advection
07 12 04:50 08:50 04:00 advection
07 12 21:18 21:38 00:20 advection
07 12 21:47 22:30 00:51 advection
07 21 12:14 12:20 00:06 advection
07 22 08:37 08:48 00:11 front
07 23 01:05 02:00 00:55 front
07 23 02:37 08:30 05:53 front
07 23 09:07 11:00 01:53 front
07 26~27 23:39 00:20 00:41 radiation
07 27 06:36 07:20 00:44 advection
07 27 09:32 10:14 00:42 advection
07 29 03:37 04:18 00:41 front
07 29 04:32 05:30 00:58 front
08 01 07:33 07:37 00:04 front
08 04 02:35 06:30 03:55 radiation
08 04 07:30 07:42 00:12 radiation
10 24 01:20 03:00 01:40 radiation
10 24 04:21 05:08 00:47 radiation
10 24 06:10 10:48 04:38 radiation
10 26 05:48 10:38 04:50 radiation
10 27 03:39 13:00 09:51 front
10 27 20:43 24:00 03:27 radiation
11 20 02:00 09:36 07:36 steam
11 21 02:00 11:00 09:00 steam
11 21~22 18:06 11:16 17:10 steam
11 23 06:30 08:00 01:30 steam
11 24 07:30 12:00 04:30 steam
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Appendix 2. The status of Incheon Airport's Fog(2002).

Month | Day | Occurrence Dissipation Continue time | Fog type
01 10~11 20:04 04:12 08:08 steam
01 12 04:40 06:45 02:05 radiation
01 15 00:30 02:15 01:45 front
01 15 03:07 18:20 15:13 front
02 02 17:30 18:29 00:59 steam
02 02~03 18:30 05:30 11:00 steam
02 04 10:02 11:05 01:03 radiation
02 21 20:30 21:30 01:00 front
02 21~22 22:00 00:00 02:06 front
02 22 01:00 09:25 08:25 front
02 26~27 21:30 01:41 04:11 radiation
02 27 05:45 06:39 00:54 radiation
02 27 08:06 10:49 02:43 radiation
02 27~28 23:08 11:05 11:57 advection
02 28~29 16:02 11:00 18:58 advection
03 01 18:08 21:30 03:22 advection
03 01~02 21:49 05:00 07:11 advection
03 10 04:10 08:11 04:01 front
03 13 01:40 05:07 03:27 advection
03 13 05:30 06:11 00:41 advection
03 15 08:30 09:30 01:00 front
03 26 02:45 10:08 07:23 advection
03 31 03:30 09:07 05:37 advection
03 31 09:50 10:15 00:25 advection
03 31 20:05 20:14 00:09 advection
03 31~1 21:15 09:43 12:28 advection
04 02 07:30 07:50 00:20 radiation
04 03 07:49 08:00 00:11 radiation
04 06 16:40 17:21 00:41 front
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Appendix 2. Continued.

Month | Day | Occurrence Dissipation |Continue time| Fog type
04 06 18:20 18:30 00:10 front
04 06 18:40 20:05 01:25 front
04 07 03:50 07:00 03:10 front
04 07 14:00 17:22 03:22 front
04 15 21:24 23:11 01:47 front
04 16 01:00 02:00 01:00 front
04 16 02:49 05:30 02:41 front
04 16 05:34 06:15 00:41 front
04 16 06:35 06:51 00:16 front
04 16 07:22 07:35 00:13 front
04 29 12:05 13:00 00:55 front
04 29 13:20 14:10 00:50 front
04 29 21:36 21:54 00:18 front
05 04 06:00 06:30 00:30 radiation
05 10 04:46 08:30 03:44 radiation
05 11 05:34 06:30 00:56 radiation
05 11 07:30 08:00 00:30 radiation
05 11~12 22:00 03:50 05:50 advection
05 12 05:07 07:48 02:41 advection
05 14 06:00 09:49 03:49 radiation
05 19~20 23:34 01:00 01:26 advection
05 30 01:30 02:20 00:50 advection
05 30 23:08 00:00 00:52 front
06 01 04:46 07:18 02:32 front
06 01 20:38 20:46 00:08 front
06 02 04:49 07:16 02:27 radiation
06 02 07:30 08:00 00:30 radiation
06 07 20:02 21:30 01:28 advection
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Appendix 2. Continued.

Month | Day | Occurrence Dissipation |Continue time| Fog type
06 10 20:39 21:52 01:13 front
06 10~11 23:35 03:34 03:59 front
06 11 03:47 06:05 02:18 front
06 11 06:05 06:39 00:34 front
06 11 07:00 08:20 01:20 front
06 11 08:30 08:48 00:18 front
06 12 18:44 19:30 00:46 front
06 12~13 23:30 00:43 01:13 front
07 03 06:30 07:44 01:14 advection
07 14 17:41 23:30 05:49 front
07 16 02:13 03:47 01:34 front
07 17 02:07 08:40 06:33 front
07 22 02:14 03:11 00:57 front
07 31 01:46 02:44 00:58 advection
07 31 05:11 05:30 00:19 advection
07 31 06:30 06:52 00:22 advection
08 01 21:11 21:30 00:19 front
08 07 03:18 03:30 00:12 front
08 07 03:45 04:11 00:26 front
08 27 07:23 07:30 00:07 front
08 27 07:33 08:03 00:30 front
09 03 04:00 09:00 05:00 advection
10 12 01:52 03:00 01:08 radiation
10 12 03:38 07:00 03:22 radiation
11 29 11:00 12:30 01:30 front
11 29 13:00 14:00 01:00 front
12 16 07:35 08:30 00:55 front
12 18 08:00 09:30 01:30 radiation
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Appendix 3. The status of Incheon Airport’s Fog(2003).

Month | Day | Occurrence | Dissipation | Continue time | Fog type
01 03 09:58 10:08 00:10 front
01 03 10:34 14:00 03:26 front
01 03 13:46 14:00 00:14 front
01 09~10 23:50 13:00 13:10 steam
01 13 04:30 09:30 05:00 steam
01 13~14 19:00 00:30 05:30 steam
01 17 15:39 18:00 02:21 front
01 22 11:30 11:41 00:11 front
01 27 07:00 10:00 03:00 front
01 27 11:30 12:19 00:49 front
02 09 02:09 03:00 00:51 steam
02 09 05:30 14:38 09:08 advection
02 |09~10 17:00 00:30 07:30 advection
02 14 04:30 06:11 01:41 steam
02 14 07:30 08:30 01:00 steam
02 14 09:00 09:30 00:30 steam
02 |14~15 23:00 02:30 03:30 steam
02 15 03:30 08:00 04:30 steam
02 17 07:50 10:30 02:40 radiation
02 |18~19 21:46 07:00 09:14 advection
02 19 07:30 08:00 00:30 advection
02 25 07:54 08:30 00:36 advection
02 25 09:30 09:42 00:12 radiation
02 27 10:00 11:00 01:00 advection
03 02 22:30 00:30 02:00 front
03 09 09:39 10:00 00:21 radiation
03 16 11:30 13:39 00:09 front
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Appendix 3. Continued.

Month | Day | Occurrence | Dissipation | Continue time | Fog type
03 25 02:11 03:30 00:09 advection
03 25 05:09 09:00 03:51 advection
03 27 02:30 03:00 00:30 front
03 27 04:00 04:30 00:30 front
04 11 22:30 23:30 01:00 front
04 12 00:00 07:08 07:08 front
04 12 20:30 21:00 00:30 advection
04 18 15:20 16:45 01:25 front
04 |18~19 23:48 00:30 00:42 front
04 27 01:30 02:45 01:15 advection
04 27 03:00 08:30 05:30 advection
05 07 04:00 05:30 01:30 front
05 07 07:00 07:10 00:10 front
05 17 17:03 17:35 00:32 advection
05 17 19:34 22:30 02:56 advection
05 |18~19 19:21 09:30 14:09 advection
05 21 06:00 07:00 06:00 advection
06 04 05:52 08:30 02:38 advection
06 07 04:30 05:00 00:30 radiation
06 13 05:30 09:24 03:54 advection
06 13 09:41 10:00 00:19 advection
06 17 04:51 08:45 03:54 advection
06 18 04:28 06:00 01:32 advection
06 18 06:30 07:00 00:30 advection
06 18 07:12 09:21 02:09 advection
06 20 05:25 06:00 00:35 advection
06 20 23:11 23:30 00:19 advection
06 22 21:00 22:00 01:00 advection
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Appendix 3. Continued.

Month | Day | Occurrence | Dissipation | Continue time | Fog type
06 22 22:30 22:52 00:22 advection
06 22 23:00 23:30 00:30 advection
06 23 09:43 11:00 01:17 front
06 23 12:15 13:00 00:45 front
06 23 14:30 15:00 00:30 front
06 23 15:30 16:30 01:00 front
06 23 17:00 18:30 01:30 front
06 29 19:51 20:30 00:39 advection
06 29 22:30 22:45 00:15 advection
06 30 00:30 01:00 00:40 advection
06 30 05:00 07:30 02:30 advection
07 01 05:51 08:30 02:39 advection
07 10 20:46 21:06 00:20 advection
07 10 21:11 21:30 00:19 advection
07 17 05:00 09:00 04:00 advection
07 18 10:00 10:47 00:47 front
07 21 02:44 03:00 00:16 radiation
07 22 05:08 06:00 00:52 front
07 22 06:04 06:13 00:07 front
07 23 01:08 02:00 00:52 front
07 29 03:00 04:00 01:00 front
08 03 09:30 11:00 01:30 front
08 03 11:30 11:45 00:15 front
08 |03~04 23:23 09:13 09:50 advection
08 |04~05 22:30 09:30 11:00 advection
08 07 01:13 01:21 00:08 front
08 12 07:05 07:52 00:47 advection
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Appendix 3. Continued.

Month| Day | Occurrence Dissipation Continue time | Fog type
08 14 05:30 07:00 01:30 advection
08 19 23:30 23:45 00:15 front
08 21 03:09 04:11 01:02 advection
08 21 21:18 21:41 00:23 advection
08 21 21:44 22:47 01:03 advection
08 22 03:00 03:30 00:30 advection
08 24 10:24 10:44 00:20 advection
09 04 07:17 10:00 02:43 advection
09 05 08:48 09:00 00:12 front
09 05 09:34 09:44 00:10 front
09 09 11:33 12:00 00:27 front
09 15 01:30 07:00 05:30 advection
09 |[15~16 23:40 10:30 10:50 advection
09 17 02:30 10:19 07:49 radiation
10 06 05:06 05:15 00:09 radiation
10 06 09:00 09:30 00:30 radiation
10 07 06:23 10:00 03:37 advection
10 22 00:30 02:00 01:30 front
10 [31~01 22:30 09:30 11:00 advection
11 02 04:30 05:30 01:00 steam
11 02 08:00 08:08 00:08 steam
11 03 04:44 04:54 00:10 front
11 07 05:00 06:00 01:00 front
11 07 08:00 10:44 02:44 front
11 07 11:30 13:16 01:46 front
12 22 08:00 09:30 01:30 advection
12 23 00:20 10:30 10:10 steam
12 [23~25 21:38 07:00 33:22 advection
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Appendix 4. The status of Incheon Airport’s Fog(2004).

Month | Day | Occurrence Dissipation Continue time | Fog type
01 02 04:30 06:00 01:30 front
01 06 07:00 07:30 00:30 advection
01 |06~07 23:00 09:00 10:00 steam
01 07 09:45 11:00 01:15 steam
01 30 03:00 12:07 09:07 radiation
01 31 06:00 09:00 03:00 radiation
01 31 09:05 10:30 01:25 radiation
02 14 04:30 05:00 00:30 front
02 21 06:08 13:30 07:22 front
02 21 22:00 23:07 01:07 front
02 22 00:46 02:30 01:44 front
02 22 04:30 06:00 01:30 front
03 05 08:30 09:30 01:00 steam
03 13 20:20 21:46 01:26 advection
03 13 21:50 22:00 00:10 advection
03 |13~14 22:06 01:30 03:24 advection
03 |14~15 22:05 04:19 06:14 steam
03 15 04:46 05:00 00:14 steam
03 15 05:30 10:00 04:30 steam
03 17 03:04 04:30 01:26 front
03 24 03:00 05:30 02:30 front
03 24 06:00 08:30 02:30 front
04 19 11:30 12:00 00:30 front
04 20 00:10 05:12 05:02 radiation
05 03 08:20 08:37 00:17 front
05 03 11:00 11:14 00:14 front
05 09 01:00 01:30 00:30 front
05 10 09:13 10:30 01:17 advection
05 11 05:00 05:30 00:30 radiation
05 12 08:18 09:19 01:01 front
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Appendix 4. Continued.

Month | Day | Occurrence Dissipation Continue time | Fog type
05 12 16:00 19:30 03:30 front
05 12 20:00 23:12 03:12 front
05 13 00:42 01:17 00:35 front
05 13 01:34 03:00 01:26 front
05 16 06:41 09:08 02:27 advection
05 17 04:37 05:02 00:25 radiation
05 21 01:00 03:09 02:09 advection
05 |28~29 21:00 02:35 05:35 advection
05 29 05:30 07:46 02:16 advection
05 29 19:53 22:00 02:07 advection
05 29 22:43 23:30 00:47 advection
05 |29~30 23:44 06:36 06:52 advection
06 09 04:43 06:13 01:30 radiation
06 |09~10 18:30 05:38 11:08 advection
06 10 05:45 06:00 00:15 advection
06 10 07:30 08:15 00:45 advection
06 12 04:30 08:08 03:38 advection
06 18 05:17 05:42 00:25 front
06 18 06:30 07:19 00:49 front
06 21 04:34 05:30 00:56 advection
06 21 05:45 05:54 00:09 advection
06 |21~22 20:50 02:42 05:52 advection
06 22 04:43 05:06 00:23 advection
06 22 05:14 06:30 01:16 advection
06 [22~23 23:50 00:43 00:53 front
06 23 01:30 03:24 01:54 front
06 23 04:30 06:40 02:10 front
06 23 07:09 07:35 00:26 front
06 23 10:09 10:30 00:21 front
06 27 05:00 05:08 00:08 front
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Appendix 4. Continued.

Month| Day | Occurrence Dissipation Continue time Fog type
06 29 03:00 04:00 01:00 advection
06 29 04:13 04:30 00:17 advection
06 29 05:00 05:07 00:07 advection
07 02 03:00 03:30 00:30 advection
07 02 18:30 18:44 00:14 front
07 02 19:07 19:20 00:13 front
07 02 19:40 20:00 00:20 front
07 03 01:35 02:09 00:34 front
07 03 03:30 03:49 00:19 front
07 03 04:04 04:12 00:08 front
07 03 05:21 05:48 00:27 front
07 03 06:00 08:20 02:20 front
07 08 19:21 21:37 02:16 advection
07 10 05:07 08:00 02:53 radiation
07 11 02:18 04:30 02:12 advection
07 11 05:00 05:30 00:30 advection
07 11 20:48 21:30 00:42 front
07 13 01:36 01:55 00:19 front
07 13 02:16 03:17 01:01 front
07 13 05:16 09:13 06:57 front
07 15 05:40 07:48 02:08 advection
07 16 05:11 07:00 01:49 front
07 |16~17 23:39 00:52 01:13 front
07 |20~21 22:30 01:40 03:10 advection
07 21 02:16 07:00 04:44 advection
07 21~22 19:27 07:05 11:38 advection
07 22 20:21 20:43 00:22 advection
07 22 20:51 21:15 00:24 advection
07 22 21:30 22:00 00:30 advection
07 |22~23 22:17 00:30 02:13 advection
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Appendix 4. Continued.

Month | Day | Occurrence Dissipation Continue time |Fog type
07 23 01:00 09:05 08:05 advection
07 24 01:00 02:07 01:07 radiation
07 28 20:34 21:37 01:03 front
07 |28~29 23:34 08:00 08:26 front
07 29 08:30 08:41 00:11 front
07 31 02:36 07:15 04:39 advection
07 31 07:30 07:51 00:21 advection
08 07 22:19 22:30 00:11 advection
08 |07~08 23:16 00:39 01:23 advection
08 08 01:48 02:46 00:58 advection
08 08 02:54 05:20 02:26 advection
08 |31~01 22:41 05:30 06:49 advection
09 10 07:05 07:34 00:29 radiation
09 14 04:08 04:35 00:27 radiation
09 14 05:16 07:21 02:05 radiation
09 17 04:06 08:10 04:04 radiation
09 17 08:48 08:50 00:02 radiation
10 07 02:35 09:23 06:48 radiation
10 07 23:00 23:07 00:07 radiation
10 |07~08 23:30 08:09 08:39 radiation
11 01 04:13 07:36 03:23 front
11 19 01:21 01:56 00:35 radiation
11 19 02:30 03:55 01:25 radiation
11 19 04:52 04:58 00:06 radiation
11 19 05:40 06:05 00:25 radiation
11 19 07:03 08:08 01:05 radiation
11 28 07:46 08:16 00:30 radiation
11 28 08:48 09:50 01:02 radiation
12 04 12:15 14:04 01:49 front
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