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ABSTRACT

A Study on the Characteristics and Prediction of Fog in
Muan International Airport

Park, Jong-Lee
Advisor : Prof. Ryu, Chan-Su, Ph.D.
Department of Atmospheric Science

Graduate School of Chosun University

RKJB(Muan International Airport) is located in Piseo-ri, Mangun-meon,
Muan—gun, Jeolanamdo, Korea. Among RKJB flight cancellations and delays,
cancels which were caused by weather accounted for 20 percent, primarily
which caused by fogs did 33 percent. We analyzed types of fog from 2008 to
2012 by using observation data from RKJB and buoy in Chilbaldo. In this
research, we focused on days of fog occurrence and non-occurrence in
connection with direction and velocity of wind, temperature, dew point,
declination of dew point, clouds, atmospheric pressure, difference of sea
air.

Fogs were sorted into radiation fog, advection fog, steam fog, frontal fog
according to cause of the fog. The weather chart used KMA(Korea
Meteorological  Administration) numerical model. Possibility of fog
occurrence at RKJB used observation data from Mokpo weather station,
Heuksando weather station, and upper—layer data from Gwangju weather station
and Heuksando. Also sea-surface temperature for analyzing difference of sea

air is from Chilbaldo buoy data.

(1) Radiation fog appears when air makes stability layer in col of

migratory anticyclone. Mainly, it appears in spring and fall. Mostly it



appears at O0300KST to O0600KST and disperses O0600KST to 1000KST. When fog
occurred, the direction of the wind blows the kind of the east wind and the
velocity of the wind is mainly below 5kts. Also low-level clouds account for
75%. By temperature rising, almost fogs are dispersed. Difference of sea air
is 2~8 degree. 850hPa moisture flux(107® g™' m2 s™' ) is 7~15, 925hPa mixing
ratio(g/kg) is 5~10 , T-Td is 1~4.

(2) Advection fog appears when cold air advect to warm sea surface in west
high east low type pressure pattern. Mainly it is created in 2100 KST to
0400KST and dispersed in 0600KST to 1000KST. The direction of wind is
southwesterly in summer, northwesterly in winter, and the average of wind
velocity degrees 4~8kts. Stream line converges near the RKJB. Humidity
distribution is above 90%. And 850hPa moisture flux is 4~11, 925hPa mixing
ratio is 6~14 .

(3) Steam fog occurs when the cold air flows into the high temperature sea
surface at the back of wmigratory anticyclone. The higher temperature
gradient the more it lasts. The time of appearance is 1800KST to 0200KST and
the time of dissipation is 0700KST to 1300KST. The direction of wind is
nor thwesterly or northerly wind in winter. While, but by the land and sea
breeze, it changes Westerly wind in day and easterly wind in night in fall
When the velocity of wind is not strong, fog lasts for a long time. But when
the velocity of wind is over 7kts, fog dissipate by mixing low and high
level atmospheric layers. The kind of lower clouds distributed above 60% and
middle level clouds did above 40%. So dissipation of fog lasts long time by
thick clouds. Difference of sea air is 2~7 degrees in spring and 2~10
degrees in winter. And 850hPa moisture flux is 512, 925hPa mixing ratio is
8~15.

(4) Frontal fog occurs by a warm or cold front in spring, fall, winter. And

it occurs by a stationary front in summer. Average duration time is almost

_Xi_



3hours. After occurrence of the fog, if wind is weakening or warm current
flows in, fogs tend to last for a long time. The direction of wind is
westerly wind in spring, northwesterly wind in winter, and southwesterly in
summer . The velocity of wind is 8kts or so. It is somewhat stronger than
that of radiation fog. 925hPa mixing ratio is 11~18 in summer and 5~10 in

winter. So, mixing ratio of summer is higher than that of winter.

RKJB opened only 6 years ago. So it doesn't have sufficient data. As a
result, it s difficult to verify outcome. However, if we use research
result by objective data to predict fog, it is contributed to improve

accuracy rate of forecast.
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Table 1. The operation results of Muan International Airport from 1 January

2008 to 31 December 2012.

Year Times Passenger Freight (kg)
2008 1,841 130,014 1,172,558
2009 1,032 57,716 450,330
2010 1,058 100,021 907,400
2011 875 91,133 941,035
2012 923 96, 166 956,529

Meteoralogy
B3(20%)

Etc
127(40%)

AT
connet

96(31%)

28(9%)

Fig. 1. The meteorological cause of

aircraft delay or cancels from
January 2008 to 31 December 2012.

From @ Muan International Airport construction

Wird
110173

Fog
2133

Rain
8134}

Srow
23(37%)

aircraft
January

The cause of
cancels from 1
2008 to 31 December 2012.

Fig. 2.
1 delay or
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Table 2. Yearly fog occurrence days from 2008 to 2012.

Year 2008 2009 2010 2011 2012
Times 24 40 43 40 19

2. Fg ojTMAS

20082 £ H 20128 tX 5E2F EE QMU= Table 30AM2E 201 &K
1662 280 272, 430 21, 3 6~7230 188 =22 LIEIRICH.

Table 3. Monthly fog occurrence days from 2008 to 2012.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Times 8 27 18 21 12 18 18 6 7 8 14 9
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2) KST(Korea Standard Time)
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Fig. 4. Monthly frequency of fog Fig. 5. Monthly freguency of fog
onset time cases from 2008 to 2012. offset time cases from 2008 to 2012.
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Fig. 6. The kind of fog continuous time frequency from 2008 to 2012.
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Fig. 14. Comparison of the monthly average difference between surface
temperature and sea surface temperature at Chilbaldo on foggy(f_avg) and no
fogay(nf_avg) day cases from 2008 to 2012.
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fogay(nf_avg) day cases from 2008 to 2012.

_16_



< v o H M ic 3 ol o W il
> 3% 6 3 . RO .~ 2 . o
S 0 R == S WO
S A _ ~ KO w M
= 3 S wo_em_e . = E._m_xé
N ~ S o3 2 2 Kk = 5
N RR U — 3 "z wo_
A . ~ S 9 S ol
WMoz a2 =5 W53
O H o - Ko o X T
=fPo e s T3 L8
- nl 33 S © = O
SR T g Wz o
TEsao sl wmg @D
= M o k4D = © ° ]
Xl 5 .3 S 03 S _
IH e U S o w
N = TR ol — T a3
© = = X - —
0 s .%_. ow il 5 @ = _ o M =
< = o R — 3z — 1o = n =
3 3 Uuumo_m_. LB BMU_@
ujr o W= E:I K 3 - A
< o W B ol gy < I o] 30
<0 SR o w g > =z 0
—_ 0= — = —— \l/El — o
N RS Zzal Br ogr=
il Loag =t S5 oW
X ORCKD S g MS oS ol &
B0 gy BT DR s 82 5= 3
ok oo 2 2 g b © g 2
i I OO I mo 3598
- - 3 ! =
~ < 2~"FT g8 FTwo@mz o
mur._ or OQ._DL|_L.&.._AM_H 1.Uw._m_LM4x ol
oA 2o g L = V=
o R DD 28 o Twe g
W - =" 352" =58y
= K N M o) Ir A O N 32 m 5 OF
= ™~ 5 o% ~ m 8% o~ 33 <

of

'%IBQWDIWIIE
radiation fog

i
Honth

distribution

The

dissipation time for

200
XIS 2F)

2100

t

o
[l

cases from 2008 to 2012.

Fig.

_17_

of

radiation fog

ot Ol=

B o310 1 12

'7

distribution

Honth

The

occurrence time for

240
2100

cases from 2008 to 2012.

Fig.

Heat flux3)



PN MO CHE S& - S52 42 Fig.18, Fig. 1901 LIEHLHRUCE.

S IS0l RO EMEE 4 SEAZE Se2 1373aE 11431(83%)E A6t
UASH, =T bkts 0I5t 137315 121381(90%) Ol&S XtXotD RUCH. KIS
HE2 24312 M= H2LU 32 SSHE0lD, 55 bkts 0lot2] HHE
ol H2=0 P AStEU(F ==, 2004)=

ICH. Ol= SAHA20l 23tE® =01 0f
o

M
ol
S|
0
Q

Ol20l &2 JETIMH, MBAIZHO 1ot etd st =3 s g
HOZM, Jl2gd0l 2dh Il s2 =310t SZE0 I 2dlE HeZ
oHekEICH

Spring Summer Autumn Winter

i

Fig. 18. The distribution of wind direction in radiation fog cases from
2008 to 2012.

Spring Sumner hutumn Yinter
an MNnN— n— n—
an [ e — 1 — 10+ B —

a0+

Frequency
ra
=
Freauency
Freauency
ra
=]
Frequency
ra
=

0 0 ]__l_,_-__ﬁ
12 34 56 T8 B0 9 %4 BE 6 30 2B BE TR0 3B T B0
Wind speed(kts) Wind speed(kts) Wind speed(kts) Wind speed(kts)

Fig. 19. The distribution of wind speed in radiation fog cases from 2008
to 2012.

_18_



N
H
0
g
pal

CEEIE AWSER SAE HEe=z &M JIS0 e oo ZSFECE
LIEHHE SHLHSl T OICH. [M2tA SHHSIAES 2AHEEOR 0la & £ Us JIA
QAO0ICH. (0123, 2007)

OINLAHQIQY [HEH D21 L &H2To HEI= Fig. 200M2F 20l 1613

14931 (93%) Ol &0l LIEHGSO, “&EHEX 1.5C OIHE &&= 2H&tstE 90% Ol
CZ M0t IH* &8 AEH0I, ol S22 NFHe =3) 3822 28t

EI| E3EIF SItot0 CHNDL Y M= e BEEICH

1 0z O

Spring Sunmer Autuin Minter

o
=
2]
=
2]
=
o
=

=
=
.
=
.
=
=
=

Frequency
— 2 oo
= = =

Frequencsy
— o oos
= =

Freguency
— 3 s
= =

Frequency
— ra oo
= =

= =]
= =5
= =

o] ] - . . mm
0-0.4 0.5-0.91.0:1.4 004 05091014 004 050910418 004 0.5-091.0-1.4
T-Tdlc) T-Td(c) T-Td(C) T-Tdic )

Fig. 20. The distribution of temperature difference(T-Td) in radiation fog
cases from 2008 to 2012.

3. 78
oMol 22 Fig. 210At &0l 753 2=E/A=0l, 8 443, IJI223
3, 81 HE 2 438 XXSIJA2MH 1 = 5=E 01421 BKN4) 0lA2 & 353
(80%), JtSE 172l(74%), HSE 33l(75%), H=2 42I(100%)E XtXIGHALE.
7852 382 BH o520 & 348, Jt=2 173, HEH A2 2 33 E XAl
otACn, 2= 2E HEONAM 500ft OItIt 7531 6331(84%)E XtXIot0d THE
= 2 z2e 23S0 2=EAC 82 BF%E Fgd U St)S 2MIt i &2
S0l =2 0F10 ULH. 0=H=2 i A8k Al S 01&t0l 2501 80 JI=2 &
s0g Qs AHS0| el HAE AlE0l =3H6l 28 2 = USS 2l0I&tlt.

4) BKN(Broken)
5) Fg(Fog)
6) St(Stratus)

- 1 9 -



Sering Sunmer hutunn Winter

20 20 - i} 20
15 15 1 15 15
™ HY - ]
g - g :
10 10
§ g 10 BID g
[ = Iy s
5 R 5 5
oo m 0

0 0-
FEM SCT BKM OVC FBY SCT BKN VT FBI 80T BN OC FB# 3T BN 0N
Cloud amount(Ckta) Cloud anount(Ckta) Cloud anount{Gkta) Cloud anount(Ckta)
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Appendix 1. The Status of Muan

Appendi x

International Airport's Fog(2008).

Month Date Occurrence | Dissipation | Continue time Fog type
Jan 7~8 22:25 12:35 14:10 advection
Jan 21 07:45 09:32 01:47 front
Mar 10 03:00 09:12 06:12 radiation
Mar 23 10:17 11:55 01:38 front
Apr 8 06:40 08:11 01:31 advection
Apr 14 04:22 08:22 04:00 advection
Apr 27 06:05 07:25 01:20 advection
May 25 05:30 07:50 02:20 radiation
May 26~27 22:15 06:32 08:17 advection
May 29 01:05 06:50 05:45 advection
Jun 9 06:32 07:31 00:59 advection
Jun 14 02:05 06:41 04:36 front
Jun 19 02:05 03:00 00:55 advection
Jun 21 00:12 01:32 00:20 front
Jul 3 07:46 09:12 01:58 advection
Jul 10 04:40 06:40 02:00 advection
Aug 4 03:50 07:50 04:00 advection
Sep 8 04:30 05:51 01:21 radiation
Oct 4 02:30 03:50 01:20 radiation
Oct 16 04:10 05:00 00:50 radiation
Nov 3 04:28 08:36 04:08 radiation
Dec 3 05:03 05:48 00:45 steam
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Appendix 2. The Status of Muan

International Airport's Fog(2009).

Month Date Occurrence | Dissipation | Continue time Fog type
Jan 26 02:47 03:00 00:13 Steam
Jan 30~31 23:15 00:30 01:15 steam
Feb 4 02:16 10:21 08:05 steam
Feb 5 06:55 07:40 00:45 steam
Feb 6 06:50 10:30 0420 steam
Feb 7 00:00 03:30 03:30 steam
Feb 7 04:40 09:34 05:14 steam
Feb 11~12 21:30 03:44 06;14 steam
Mar 5 18:46 19:13 00:59 front
Mar 13 06:50 07:40 00;50 front
Mar 16~17 22:21 08::25 10:04 advection
Mar 19 19:48 22:24 03;36 front
Mar 20 07:26 07:45 00:19 front
Apr 5~6 22:12 00:15 02:03 radiation
Apr 6 07:01 07:26 00:25 radiation
Apr 8 01:42 02:20 00:38 radiation
Apr 8 04:32 07:47 03;15 radiation
Apr 9 01:43 02:28 00:45 radiation
Apr 9 05:36 06:48 01:12 radiation
May 12 22:35 23:52 01;17 advection
Jun 5 03:50 05:45 01:55 advection
Jun 5 06:15 07:15 01:00 advection
Jun 6 07:25 07:48 00;23 advection
Jun 10 05:05 08:09 03:04 front
Jul 8 03:02 03:44 00:42 front
Jul 16~17 19:48 04:20 08,32 front
Jul 20 00:55 05:50 04:55 front
Jul 23 03:05 03:50 00;45 front
Jul 23 04:05 05:28 01:23 front
Aug 12 15:02 15:55 00:53 front
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Appendix 2. Continued.

Month Date Occurrence | Dissipation | Continue time Fog type
Aug 13 22:55 22:59 00:04 front
Aug 15 02:20 07:30 05:10 front
Sep 20 02:20 02:40 00:20 radiation
Oct 28 01:30 01:45 00:15 radiation
Nov 25~26 23:15 00:45 01:30 radiation
Nov 26 01:10 10:37 09:27 radiation
Nov 30 03:45 04:40 00:55 radiation
Dec 10~11 21:30 05:30 08:00 front
Dec 24 03:20 05:57 02:37 radiation
Dec 25 00:29 03:05 02:36 radiation
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Appendix 3. The Status of Muan

International Airport's Fog(2010).

Month Date | Occurrence | Dissipation | Continue time Fog type
Jan 20 13:40 23:20 09:40 front
Feb 8~9 22:10 01:25 03:15 front
Feb 9 02:40 03:45 01:05 front
Feb 9 18:35 19:15 00:40 front
Feb 9 22:40 23:40 01:00 front
Feb 10 03:45 05:30 01:45 front
Feb 22~23 20:52 07:30 10:38 advection
Feb 25 18:45 21:27 02:42 front
Feb 25 22:03 23:15 01:12 front
Feb 26 00:17 08:53 08:10 front
Feb 26 13:46 14:10 00:24 front
Feb 27 01:30 07:20 05:50 advection
Feb 28 20:50 22:30 01:40 radiation
Mar 1 13:28 14:35 00:57 front
Mar 1 15:01 16:12 01:21 front
Mar 31 17:10 19:20 02:10 front
Apr 1 05:33 07:36 02:03 front
Apr 1 07:48 08:16 00:28 front
Apr 20~21 23:16 07:27 08:11 advection
May 6 06:00 07:00 01:00 advection
May 6 07:18 08:21 01:03 front
May 20 05:22 06:40 01:18 front
Jun 9 01:11 02:05 00:54 radiation
Jun 16 02:50 03:45 00:55 radiation
Jun 17 02:27 08:05 06:38 front
Jun 22 05:50 06:49 00:59 front
Jun 29 22:52 23:54 01:02 front
Jun 30 05:27 05:53 00:26 front
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Appendix 3. Continued.

Month Date Occurrence | Dissipation | Continue time Fog type
Jul 1 08:50 09:00 00:10 front
Jul 3 02:35 09:20 06:45 front
Jul 4 17:34 17:52 00:18 front
Jul 6 22:02 23:43 01:41 front
Jul 10 05:55 06:10 00:15 front
Aug 2 04:00 05:29 01:29 front
Aug 2 06:35 06:43 00:08 front
Aug 13 08:21 08:29 00:08 front
Sep 14 02:00 09:30 07:30 radiation
Sep 15 03:00 06:00 03:00 radiation
Oct 9 02:00 04:00 02:00 radiation
Oct 9 06:00 07:33 01:33 radiation
Oct 10 04:00 09:00 05:00 radiation
Oct 12 03:47 04:05 00:18 radiation
Oct 18 03:55 04:15 00:20 radiation
Nov 56 21:00 13:00 16:00 steam
Nov 6~7 19:29 11:00 15:31 steam
Nov 30 18:00 24:00 06:00 front
Dec 1 00:00 09:00 09:00 front
Dec 15 22:43 22:50 00:07 front
Dec 20 02:00 04:00 02:00 radiation
Dec 22 05:00 10:00 05:00 radiation
Dec 26 10:51 11:00 00:09 front
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Appendix 4. The Status of Muan International Airport's Fog(2011).

Month Date Occurrence | Dissipation | Continue time Fog type
Jan 31 08:00 09:00 01:00 front
Feb 3 04:00 05:00 01:00 radiation
Feb 4~5 21:31 07:00 09:29 advection
Feb 5 22:15 23:32 01:17 advection
Feb 7 01:00 02:00 01:00 advection
Feb 12 05:26 09:00 03:34 advection
Feb 12 10:07 10:15 00:08 advection
Feb 12 10:24 10:30 00:06 advection
Feb 16 21:32 23:10 01:38 steam
Feb 17 02:00 03:00 01:00 steam
Feb 18~19 23:50 00:30 00:40 steam
Feb 19 01:55 02:30 00:35 steam
Feb 24~25 23:46 02:00 02:14 radiation
Feb 27 13:35 14:20 00:45 front
Mar 20 04:00 06:00 02:00 front
Mar 30 06:00 08:44 02:44 radiation
Mar 31 01:00 03:00 02:00 radiation
Apr 3~4 23:00 02:00 03:00 front
Apr 4 03:00 09:14 06:14 front
Apr 8 04:00 05:00 01:00 front
Apr 8~9 23:00 02:00 03:00 front
Apr 9 03:00 07:00 04:00 front
Apr 9 21:10 23:00 01:50 radiation
Apr 9~10 23:33 05:00 05:27 radiation
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Appendix 4. Continued.

Month Date Occurrence | Dissipation | Continue time Fog type
Apr 12 04:00 09:13 05:13 radiation
Apr 13 03:00 05:00 02:00 radiation
Apr 13 06:00 06:30 00:30 radiation
Apr 20 05:00 06:00 01:00 radiation
Apr 20 06:10 07:00 00:50 radiation
May 7~8 21:05 04:00 06:55 front
May 29 06:00 07:00 01:00 front
Jun 20~21 23:30 04:40 01:10 front
Jun 25 00:20 01:25 01:05 front
Jun 30 23:00 24:00 01:00 front
Jul 1 00:00 07:50 07:50 front
Jul 3 22:30 22:40 00:10 front
Jul 7 07:06 07:18 00:12 front
Oct 11 00:10 00:55 00:45 radiation
Nov 12 01:30 02:30 01:00 radiation
Nov 19 00:20 02:48 02:48 front
Nov 28~29 22:30 02:00 03:30 steam
Nov 29 03:00 06:00 03:00 steam
Nov 29 07:00 08:00 01:00 steam
Nov 29 09:00 09:48 00:48 steam
Nov 29~30 22:00 05:50 07:50 steam
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Appendix 5. The Status of Muan

International Airport's Fog(2012).

Month Date Occurrence | Dissipation | Continue time Fog type
Mar 16~17 23:35 02:00 02:25 radiation
Mar 17 09:00 10:00 01:00 front
Mar 17 15:18 16:00 00:42 front
Mar 23 08:00 09:20 01:20 front
Mar 28 21:10 22:00 00:50 radiation
Mar 28~29 23:00 03:52 04:52 radiation
Apr 5 05:10 09:12 04:02 radiation
Apr 10~11 23:00 02:10 03:10 front
Apr 11 05:10 08:22 03:12 front
Apr 11 10:24 10:32 00:08 front
Apr 11 10:35 10:39 00:04 front
May 6 05:30 07:40 02:10 radiation
May 10 01:20 07:00 05:40 radiation
Jun 22 07:31 08:00 00:29 advection
Jul 12 02:35 03:50 01:15 advection
Jul 13 05:35 06:10 00:35 advection
Jul 21 06:30 08:20 01:50 advection
Sep 20 02:55 03:50 00:55 radiation
Sep 20 05:05 06:55 00:50 radiation
Sep 22 03:25 03:40 00:15 radiation
Sep 24 05:05 07:24 02:19 radiation
Nov 9 01:00 09:00 06:00 radiation
Dec 8 10:40 11011 00:31 front
Dec 9 03:55 05:00 01:05 front
Dec 14 15:00 16:00 01:00 front
Dec 14 17:00 21:00 04:00 front
Dec 18 10:22 12:00 01:38 front
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