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Abstract Most of the researches on fog in South Korea have been done based on the naked-
eye observation but the number of observation sites is just 22. Considering the localities of fog
and various durations, it is essential to utilize more than 250 visibility meters that measure visi-
bility every minute. In this study, the visibility characteristics of visibility meters were com-
pared with that of the naked-eye observation using one year data, 2016, and radiation fog and
advection fog cases were analyzed in detail. The concordance rate of the two data set was 0.96~
0.97, but discordance rate was 0.19~0.47. In general, visibility meters observed fog more fre-
quently than naked-eye. The correlation between two data sets is clearly dependent on the visi-
bility and geographic locations (fog/thick fog (< 100 m) of inland: 0.86/0.61; fog/thick fog: 0.65/
0.73 of island/coastal site). In both fog cases, the fog events observed by naked-eye were consis-
tently detected by visibility meters, and visibility meters clearly well detected very short fog/
thick fogs. Formation and dissipation time of fog for the fog cases were similar but fog duration
by visibility meters was shorter because of exclusion of temporary dissipated time. In addition,
the visibility meters showed a detailed distribution of fog events that occurred simultaneously
over South Korea. It would be useful to analyze the spatial and temporal characteristics of, in
particular, thick fog using visibility meters. However, more works are needed for the filtering
criteria for analyzing fog using visibility meters alone.
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Fig. 1. Spatial distribution of (a) the 21 naked-eye observation sites and 2 buoys (Incheon, Dukjeokdo) and (b) 279 visibility

meters in October 2016 operated by KMA over South Korea.
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al., 1998).

20161 St 3l Bt 210 AR E XA 1A
v 7HE A7 1ERE Ase] AL /A
2 (<100 m)7} BEHE A= F 30333]/F 390
glojglom, o] F HAAFFF)RIel 2ol Hlgk Y
7F BAlel #F=E A= 10873]/1773] 2 A <
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Fig. 2. The flow chart for retrieval of fog information using
visibility meter data
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Table 1. The Hits, Misses, False alarms, Correct rejections, Probability of detection (POD), False alarm rate (FAR), and Bias
for fog by visibility sensors at 21 naked-eye observation site in 2016. Naked-eye fog observation is used as truth. Data in the
parentheses denotes values divided by the number of observation site.

Visibility Hits Misses False alarms Correct rejections POD FAR Bias
<1km 596 (28.4) 26 (1.2) 151 (7.2) 6913 (329.2) 0.96 0.21 1.20
<500 m 452 (21.5) 13 (0.6) 106 (5.0) 7115 (338.8) 0.97 0.19 1.20
<200 m 314 (15.0) 11 (0.5) 84 (4.0) 7277 (346.5) 0.97 0.21 1.22
<100 m 109 (5.2) 5(0.2) 96 (4.6) 7476 (356.0) 0.96 0.47 1.80

Table 2. Summary of mean, difference (Diff.: Visibility - Naked), root-mean-square error and correlation coefficient of
visibility between hourly naked-eye observation and visibility meter at 21 naked-eye observation sites in 2016. Asterisk signs
(*) mean the results using visibility meters except the upper 2.5% extreme values.

Location of B Number Mean (m) Diff. RMSE Correlation
N Visibility .
observation site of data  Naked-eye  Visibility meter (m) (m) coefficient
1km~20km 102340 15004.40 14992.90 11.50 1262.62 0.98
<1km 665 436.89 497.97 —61.08 202.91 0.86
Inland <500 m 386 229.17 252.45 —23.28 88.54 0.76
(11 sites) <200 m 144 115.56 148.34 -32.78 80.84 0.29
<100 m 23 74.35 88.91 -14.56 27.93 -0.09
22% 76.36* 86.41* -10.05* 14.99* 0.65*
1 km~20 km 90333 15693.02 15787.37 —94.35 1085.84 0.98
Island/Coast <1km 3200 280.11 389.53 —-109.42 519.51 0.61
(10 sites) <500 m 2568 171.55 210.05 —-38.50 233.71 0.52
<200 m 1618 100.42 119.17 -18.75 58.71 0.55
<100 m 526 68.29 76.60 -8.31 18.52 0.73
SRS Ao AAE SR AST A9t FAE, $5% AT, AA, 2P, P9, 2, 22,
6571(43%)°130 3L, HZ0NX = A1A 10km ol el ofsolrt, HE3k AFAS] HI AP 20km=E Al
) 2 AZH 497} 3R, Zgte] Ao uESITh(Lee et al, 2015). AG

A AS Wk 55 bfeke] Gk Aol H
£ ek Qhel vz 1% 1km vRke] AAH

2 ©o
o el 3 ebhs WS AANN Bz
14 B3 A= o8 F2 sty .

AZARE 2 & #3538 7% 9-(False Alarms)=

o, 964 5 &
= 83312 71 Wk
3, 200 m~500 m ©]RFe] A9} 113], 283 500 m~
1 km "|F1 7397} 28]t} HEHoAMe A& <
NE BFYoY AFAZE 2 g SR &
3k ZA9-(Misses)= = 532 A AL A]A o] 100 m~
200m PIRE1 73971 23], 200 m~500 m H|Fro]E
A7F 1390w, &% 97t 2380t}

2170 W H& AL AYF QX wet S
Aeiter Fiete] 55 359 AT A8A A
= AIAZE] A BAIE B8 tK(Table 2). U5
, rE, o, 24, A
-elH, At AL EE,

A722] oA (Outliens YW ~FHES 3
(Externally Studentized Residual)E A&-3te] 22|33
THSuh, 2014).

EZoA NE #5S A5, Al met zfol7t
UARE AR H o= |EZ A/l f1A1g Al A
H= oA 5 AP ET AGA AS Aol A
Al UEbsTh Wi, = 35 AR Abe|o] RS
A A 912 = A A met AdolstAl vEersTh Al
gol 1km ¥Rl 7% WEAHNA = 0.8601F 4/
A= 0612 A Vel RMSE 3%
WEAHA 203 mE AiF oz 2y, A/s) kx4
M= WEAH] 2,58 BE IA ERSTE 9
A AE 7L Aol B3 AlS Atolo] FAAIFE
Zo]=u, 100 m FIREOE A A= 7} ZobxH Al
Ao FAAATT FoPAA WEAHANN = 0.65%
B F7F Ao I ke o] AB=E, 9] 2.5%9
et 7S A3 7-9-(Lee et al., 2015), 4/ A H
o ME 0.730] HAT
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Fig. 3. Scatter plots of visibility obtained by visibility meters and naked-eye observation in term of (a) fog (< 1 km), (b) thick
fog (< 100 m), and (c) visibility from 1 km to 20 km for 11 inland sites (left panel) and 10 island/coast sites (right panel).
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(a) 2100 LST, 17 October 2016

(b) 0600 LST, 18 October 2016

(c) 0600 LST, 19 October 2016

Fig. 4. COMS fog detection images at (a) 2100 LST, 17 October 2016, (b) 0600 LST, 18 October 2016, and (c) 0600 LST, 19

October 2016 of the radiation fog case.
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Ne BEFNoH, AFAE T AFENA <t
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Fog (<1 km)
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Fig. 5. Spatial distribution of fog (< 1 km) (left panel) and thick fog (< 100 m) (right panel) for the radiation fog case during (a)
day 1 (17 afternoon to 18 morning October 2016) and (b) day 2 (18 afternoon to 19 morning October 2016).

Table 3. The comparison of fog occurrence observed by naked eye and visibility meters at the selected 4 stations from 17
October 2016 to 19 October 2016. Time in the parentheses denotes the duration of the thick fog under 100 m visibility.

Stati Naked eye observation Visibility meter observation
tation
(code) Date Formation- Duration Formation- Duration
dissipation time (hh:mn) dissipation time (hh:mn)
. 18 Oct 2016 05:40-09:39. 4:00 05:39-08:25, 08:38-09:00. 3:10
Cheongju 05:16-05:24, 05:37-06:06
131 -40-00- . 10-05124, U5:57-06:006, .
(131) 19 Oct 2016 05:40-09:19. 3:40 06:56-09-04. 2:48
Andong 18 Oct 2016 01:45-09:29. 7:45 01:53-08:58. 7:06
(136) 19 Oct 2016 01:25-09:49. 8:25 01:09-01:12, 01:24-10:39. 9:20
Daegu - . . .
(143) 18 Oct 2016 [mist: 1.1 km at 0900 LST] - 08:47-08:57 0:11
Jeonju 18 Oct 2016 01:05-vs g 01:45-vs 3:00 01:03-vs g1 01:30-vs 3:14
(146) 01:55-04:04. (00:10) 01:50-04:06, 04:24-04:33. (00:20)

71483 o)7] A28d 15 (2018)
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Fig. 6. Diurnal variation of fog formation and dissipation time obtained by inland visibility meters and naked-eyes for fog
(< 1 km) and thick fog (< 100 m) in the radiation fog case from 17 October 2016, afternoon to 19 October 2016, morning.
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(d) 0900 LST, 11 April 2016

Fig. 7. COMS fog detection images at 0900 LST on (a) 08 April 2016, (b) 09 April 2016, (c) 10 April 2016, and (d) 11 April

2016 for the advection fog case.
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Fog (<1 km) Thick Fog (< 100 m)
(a) 08 April 2016

Fig. 8. Spatial distribution of fog (< 1km) (left panel) and thick fog (<100 m) (right panel) for the advection fog case that
included all locations of visibility meters including inland and mountain regions on (a) 08 April 2016, (b) 09 April 2016, (c) 10
April 2016, and (d) 11 April 2016.
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Longitude
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Fig. 8. Continued.

Latitude

Latitude

Table 4. The comparison of fog occurrence observed by naked eye and visibility meters at the selected 2 island stations from 08
to 11 April 2016. Time in the parentheses denotes the duration of the thick fog under 100 m visibility.

Naked eye observation

Visibility meter observation

Station - - - -
(code) Date Formation- Duration Formation- Duration
dissipation time (hh:mn) dissipation time (hh:mn)
Baekryeongdo 08 April 2016 08:10-11:19. 03:10 08:05-09:19, 09:50-10:20. 01:46
(102) 09 April 2016 03:40-16:24, 17:22- 03:38-vs o, 04:19-75 o,
04:24-vs 0.1 04:44-vs 0.1
10:32-14:55, 15:18-15:21, 29:24
) 31:21 17:20-vs o1 21:14-vs o, (05:53),
10 Aprll 2016 -09:44, 12:48-15:20. 04:38-vs ol 04:53-vs ol (0819)
05:37-vs 0.1 08:30-vs 0.1
08:41-09:39, 13:43-15:02.
Heuksando 00:21- 00:15-11:50, 12:01-12:07,
(169) 08 April 2016 e OTAANR- 12:56-13:14, 14:16-14:17,
[drizzle: 07:34-08:43] . 14:56-15-16, 15:29- 2623
. -03:50, 05:52-06:13,
09 April 2016  -03:45. 05:49-07:49. 10:15-12:19. 06:49-07:52, 08:35-08:44.
08:45-08:48. 00:04,
10 April 2016
21:35- 05:05 21:37-
11 April 2016 -02:39. -01:59. 04:23
A 700 m~20 km Atele] ®Wish7t & AP AR 7F vEE & A g
ol 102 ofF B NS lkm WROE o} ARAR AZF oA FE 0F 3494 9
A7) ok, vl olFebIZE Hom feHE Al Alld #2387 AdEAL, 9% F ol 8-
A% 2 WY A500 W eble] HFU A oAl Sl 347} b wgtont 2 s)s) A
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Fig. 9. Diurnal variation of fog formation (inflow of sea fog) and dissipation time obtained by visibility meters and naked-eye
observation located on the islands for fog (< 1 km) and thick fog (< 100 m) in the advection fog case from 8 to 11 April 2016.

Fig. 10. Frequency distribution of 1 hour interval duration of
fog events by visibility meter and naked-eye observation on
inland and island for the radiation fog case (17 October
2016, afternoon to 19 October 2016, morning) and the
advection fog case (8 to 11 April 2016).
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Fig. 11. Same as in Fig. 10 but for thick fog (< 100 m) events.
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