Atmosphere. Korean Meteorological Society
Vol. 29, No. 5 (2019) pp. 639-658
https:/doi.org/10.14191/Atmos.2019.29.5.639
pISSN 1598-3560  eISSN 2288-3266

AF L E
(Research Note)

AMEALL |l 2= XEE ST HEF 22
HUHol R 2R 54 EY
ol - My
Va7 dek, Pl st oy ) etk
(34¢€: 20194 10¥ 184, 5= : 2019 11€ 30, AASHL: 2019 129 6¥)

Objective Classification of Fog Type and Analysis of Fog Characteristics Using

Visibility Meter and Satellite Observation Data over South Korea

Hyun-Kyoung Lee” and Myoung-Seok Suh®*

U'National institute of Meteorological Sciences, Jeju, Korea
Z)Department of Atmospheric Science, Kongju National University, Gongju, Korea

(Manuscript received 18 October 2019; revised 30 November 2019; accepted 6 December 2019)

Abstract The classification of fog type and the characteristics of fog based on fog events over
South Korea were investigated using a 3-year (2015~2017) visibility meter data. One-minute
visibility meter data were used to identify fog with present weather codes and surface observa-
tion data. The concept of fog events was adopted for the better definition of fog properties and
more objective classification through the detailed investigation of life cycle of fog. Decision tree
method was used to classify the fog types and the final fog types were radiation fog, advection
fog, precipitation fog, cloud base lowering fog and morning evaporation fog. We enhanced
objectivity in classifying the types of fog by adding the satellite and the buoy observations to the
conventional usage of AWS and ceilometer data. Radiation fog, the most common type in South
Korea, frequently occurs in inland during autumn. A considerable number of advection fogs
occur in island area in summer, especially in July. Precipitation fog accounts for more than a
quarter of the total fog events and frequently occurs in islands and coastal areas. Cloud base
lowering fog, classified using ceilometer, occurs occasionally for all areas but the occurrence
rate is relatively high in east and west coastal area. Morning evaporation fog type is rarely
observed in inland. The occurrence rate of thick fog with visibility less than 100 meters is
amount to 21% of total fog events. Although advection fog develops into thick fog frequently,
radiation fog shows the minimum visibility, in some cases.
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Fig. 1. Spatial distribution selected 86 visibility meters matched with ceilometers operated by KMA over South Korea (57
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Fig. 2. Flowchart diagram illustrating the fog-type classification (grey conditional statements are added to classify for advection
fog using COMS fog detection data and relative humidity of the adjacent buoy).
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Table 1. Percentages of fog types for fog events with visibility less than 1 kilometer. The predominant fog type is radiation fog,
which accounts for more than half of all fog events in South Korea. Precipitation fog, advection fog, and cloud base lowering

fog fallow up.

Radiation Advection Precipitation Cloud base Morning
. . Unknown
fog fog fog lowering fog evaporation fog
All stations 58.5% 6.7% 28.2% 2.1% 0.1% 4.4%
Inland 71.3% 0.2% 24.2% 2.0% 0.1% 2.1%
Mountain 60.8% 2.3% 22.7% 2.8% 0.0% 11.4%
Islands 6.9% 45.2% 38.7% 1.0% 0.0% 8.2%
Coast 42.9% 3.9% 39.4% 3.7% 0.0% 10.1%
(a) Radiation fog (b) Precipitation fog
Frequency
O Less than 1
©1t010
@10t0 20
ml @®20t030
@® 30 or more

(c) Advection fog (d) Cloud base lowering fog

Fig. 10. The spatial distribution of annual mean number of the types of fog, (a) radiation fog type, (b) precipitation fog type, (c)
advection fog type, and (d) cloud base lowering fog type for each visibility-meter stations over the three-year study period from
2015 to 2017.
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Table 2. Percentages of fog types for thick fog events with visibility less than 100 meters.
Radiation Advection Precipitation Cloud base Morning
. . Unknown
fog fog fog lowering fog evaporation fog
All stations 62.4% 12.1% 19.4% 1.2% 0.1% 4.7%
Inland 86.2% 0.2% 11.6% 0.9% 0.2% 0.9%
Mountain 33.3% 0.0% 0.0% 0.0% 0.0% 66.7%
Islands 6.3% 49.2% 36.0% 0.5% 0.0% 7.9%
Coast 42.6% 6.4% 33.0% 4.3% 0.0% 13.8%
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Fig. 11. Horizontal visibility, temperature, relative humidity, cloud base height with summation sky coverage (O: overcast (8/8),
B: Broken (5/8-7/8), F: obstacle), wind speed and precipitation of Baekryeongdo (102) for 22~23 July 2016. The period of fog

by visibility meter (vertical gray bars) is shown.
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Fig. 12. Frequency of the wind direction observed at the
onset of radiation fog events (including advection-radiation
fog events that moist air previously advected from the West
sea is brought to saturation through radiative cooling over
the coastal region) in west coastal region, Incheon (112),
Gunsan (140), and Mokpo (165) from 2015 to 2017. Solid
line: spring and summer (March to August), dotted line: all
year (January to December).



2

old7 - A 653

Table 3. Percentages of fog types for coastal areas in South Korea

Radiation Advection Precipitation Cloud base Morning

. . k
fog fog fog lowering fog evaporation fog Unknown
Yellow sea 52.5% 3.7% 32.2% 4.5% 0.0% 7.0%
South sea 34.6% 4.1% 45.8% 2.7% 0.0% 12.9%
East sea 55.6% 3.7% 33.3% 7.4% 0.0% 0.0%
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Fig. 13. Frequency distribution of the fog onset time as a function of time of day and month for main four fog types, radiation

fog type (RAD), precipitation fog type (PCP), cloud base lowering fog type (CBL), and advection fog type (ADV). Morning
evaporation fog type which had 3 fog event cases was excluded in the plot. The data cover from 2015 to 2017 period.

o] & B3 Aot} A BEH J5EHY ol o BUTh AARGA NAYA] Ak
EARDIAMES] FFolH, FAe A7 dAe 5 w7]kE e 3 1AV Ak, daEl ARt
ARPIAI ES] Fo|t). B oJEH o FEAE Ao AAAMAY L NYA o, Tt
HAE AER SR A o) F-EARPEZE At 3] FEA Ao 2dolRIE AL W SvF HA kAL,
7] et 27AYE RoE vkl 7HEES AE FE PE iz 53] A4 Yelhdti= Huh and
Aole GME S BFALGE HA A B3 9 Ha (2004)2] A7+ZAze} FABIATE $A SN #
=2 ¥ F Utk F2 st A A GelA] FH oz A5
Zt s e HA &2 Table 33 2o Elgttt), gk A SR ] N (Fig. 10)= Zdr<izt
o, Gt A9 ALl vlgo] o 39 wokom, MM @ A7Ite] Fael] A Zlo] B
Hop Eom, Aalietat FalA S BARPE f  the 719l B4 fARE BEE BoFnh

Atmosphere, Vol. 29, No. 5. (2019)



654 ARA A D5 ARE BEE I BN ABA G4 BF} 5 B4
1000
> 800 Fog type
@ 600 RAD
=1 | m PCP
Qdoo = CBL
LC 200 u H H ADV
Dec - X383 2S5 KERGERE 0 T e e w S
Nv{ S K- 2%0BBRE- 0 . 5. sy
Oct 4 * ‘433346 . . : o o
Sep trvs2BEe * s LT .
Aug_ . A ‘.: :2 .? 15.': \.. o * . o" . ., d
%Jul—&};?‘.Sﬁ"f'ﬁ’f!?'{*:"'.-’. N A
o s> A =
Sun{ 2L FEEQERA DL N Peloe
May 4 % "o "R EREH - S R S
IVERE AR SR S R E IR IR I
Mar = ‘:. PR IR > f’i f:'l. ‘3. T s, RIS R ., e
Feb- . ¢, $EX2 STy 0 T NI AR X
Jan-, £F4 L LEREHLE 28 L, N
T 1T 17 17T T 17T T T°7T T 1T 17T 17T 17T 17T 17T 1T T T T°T
0 2 4 6 8 10 12 14 16 18 20 22

Time of day (KST)

Fig. 14. Frequency distribution of the fog dissipation time for main four fog types, radiation fog type (RAD), precipitation fog
type (PCP), cloud base lowering fog type (CBL), and advection fog type (ADV).

AR a2 B, S ARl 9] b
g #F9 24943, BARPEZE 60.8%, Nt

22.7%, AN 7T 2.8%, 283 o) FHSHNTT 2.3%
2 EFH9eH, nEF7} 114%2 ©F2 2 F 1]
3 71 Bkt AR A e XY 5A4o= I3 o
Fe F717F AAPRES wEt SEphaA gt
A = Qe 7|Ee] AFE 2EsE 2 w(Jhun
et al., 1998; Sohn, 2010), EARHH 3o S5eb)

7 Zg=ol 9g ThsAel stk

R=
3.3 CIHREYE WHAIZ:, ALNAZE I X[EAIZE
Figure 13 Sl 489 <Ak o] dhal A zha} 9

oy EXE BoEnh BARPEE dEolF AA
3] @A vt Srtste] AY 4-54 8 AFE TP
A SHA 2AYsIaL, A& Tl 7|20 MA3] &
2 AHdde HE AFE Wi7F 24tE = ¢
MAHER vk BARPIE A2k /BA7F BE &
o W= oloAE A5 WH ol FARPEZ

T O

d=7148ks t7] A207 55 (2019)

EFEAA 22 zte] 95 YeR}r|E dh), o
el Aeels dF A Adel A4 2As
om, opzkdk Aol 25 o] BANET} F
Stk AR BARDHS} vl A B
Atk olHS e ATt R =EA Bt
o Fig. 149l Z=AEA] FAAT, 3714 Abel] =%

7R o TAOl A7 A1FERIAL, dE 5 1-3
AlZE ool 2 E QAT /b fFE 4 Qb H

ANEE B, ol Feble o232 7¥€ 7 A
F SN, BARYIE 7FSEC 1020 458
A A el A sPRPIE AdHez & A
ol glon, ALFHo] & A-el vis) Fduld e
A& ot} 75 Wil A5A Sl B3ken,
2 53 7R E dH oz AHA B <
AR gIRE dE A 7494 104 Aol
ZEH, BARPNY A$ dEA7] wet ) &
AdEES st Aol Ttk A48
7+ AFE|A bElon,

= N

7

N

H
A2t
RPN

o
T
L
R



(a)

40

N w
o =]

Fog duration (hours)

o

|

1000

800

600

400

Minimum visibility (m)

200

ADV

PCP CBL
Fog type

EVP

655

ADV

PCP
Fog type

CBL

EVP
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EZo] tE WIFIEY A vebsTh e bl
At el FEE A EA 7S 1 km 1| Eke] oA KTk
BE fF3olA AA vetston, HAaA e Hdgk
S FEEE A HYARE, BARDE F3olA )
T AL ARG HlEo] EUTHFig. 16).

2 AFelM e ARA ASAREE o)&3ste] HekA
Aol il H 39(2015~2017)7F A AA A8 F &
FA&o] i, A AE7F A= 867 A A <] <t
NS s, A (fog event)E ]35It
s 714AE A A8 F N FAo AHH
T8 71 AAEH A WIEA A&, Y F
A8 58 FHHo g 85t bl §8 i ¢
252 AT F ) @A ek EAIF A £
A3 el F8L BRI, o/, A5
A, olF=wrets) zE]3 A 872N (Cloud ba
lowering fog) 5 & S7HAZ FE3HAth W &3
H R o} ele] AEH AHAIZE S tid SAF
3 54 BAA AYS xEste] WH, A=A, @ik, A
5 M9 Aoz FEIHOH, Wl UrE F
HAA 1km v|Fre] Qo %A1 500 m, 200 m,
100 m 1|+ QP T2 it

SiAME= dllvdell 118 A A Gl A A
siRon, YEdAM s 2 A79E, dd-dE 55
A 73d AEFA A, 7 AR G oA BRIt
%o, e AA = EANE 2 ZA
Elth Z2 iAEE ARG Al A7, W
FoME AR, B85 F5, A5 TR A
FEEAA, A BRG] A7} =94t
Bole AXYGH AgddRAd, 27 AFEAGe] o
2 3o viE)] AL Y] BARIETE =keH, o F
o= ARG A G AANAR7F A5 @AY )

% 2 9o kI O

d=7148ks t7] A207 55 (2019)

Atk 53] AAGL 7= 2 7€l AL
A v o] w9 wokom, AL o7 oojxE
$7F BTt Asle] ARG AarA o] b
Aulgol 7 =okor, SR duFoz
el 4 A ge vl A AgTt FHAoeH,
A 7o zpols AEe 7P A JElTh Sl
o] A3} A2 Ao Bls| s 7|xp7t =4
gFol SUNHARIESE Hoy Ad s A}
FARFA . Eelle thE vtk Hls)] il Aol
A3, =& 7oA AgARolddlE AN B3
HA| gotth ALY A WANIESE FHA
ANAAZ7F 100m ©14F 200 m =9l F7ho| A 7
=kon, A SlAke] 1/5 =7t 100 m #]Tke]
A2 R oloj-H.
57FA Wl §8% BARDE 3] AA N #
o Auks dglor, yHollA 7HEel 10€e] 2
A7 453 Bol HAEIAT Aeble &
E AYolA A2A YEReH, ARG A Y
oA &) HHAY HIFL 40% FEold). o]FoHl= dF
o] WAo] 2 A A eA 7P Bo] YERT). 3
IR Jo A e o] FeHE 6% AERE UEhtET, o
£ Aokl wAshE ool 5 o] F-EARY
7} BARb) fEeg 3 EHEHAV] gELE W
Aok AU AA ALY 2% A& H]
2 BE AAoA I2A YEleH, XA
A AoEo R WA vjgo] EQUTE oS =
WEollH =54 Jepstt
EARM = dE o]Fo WAy AlZste] A4
4~5A] Aolel] 7P o] WAEINoH, AdE T -3
AIZE Foll iRt A AT o] /7ol Zhaul
= A Ak AA ol AakaZbe] EESIH, of
Zhah Az o] AR =T Ao B Hol
Atk LASRPE =2 W Al Afelof wAYs)
Ao, Ul AN 7R T2 A dE A
T A Z7E gBokth el AEGAIZRE o] 77k
71 AA YERg e, Febl, BEARDNSY] o=
Yebsth A HAAE2 o] Fl FE oA
71 ZAIRE, 100m viEe] Ze obfjalgle] Ha
AL BARDE §380ldth 571/ F2 el &9
2o 2R 9} AtA YEhtE S5} o] F-E
AR 5 F71E Q) el ols) wAsh=s o) 73
T 7|19 AFoA olu] AAEAATE, AHAHQd E
FE A 71 84 7IERE H8s17 o H
th FHE FEYA U R A S ASsE o
N AEe} IS S NEA A5 59 Al
< HASAEE B3l Aol wt AEskE i
Jo] TEI EAENE e oz 1At
70

FA5 B40] 43 WY B WA BEA
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el EAA S #Eel A & vk AAA Al
SARE o]&T @I Wl #AJe] opd A7IZE
o e 54 Wt § V1% #4& fsies A5 A
Mol A et AEsF MagE|ojof & Folrh. b
A Ao Hes Fray] e #=71719)
A8 T 71719 dE fARS Aw FEAM
3k $A42 Fo] dFHer oErt

ZtAle| 2
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A RS AL, B 2L o F4 AAead
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