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Acronyms

AHI Advanced Himawari Imager

AMI Advanced Meteorological Imager

ATBD Algorithm Theoretical Basis Document

B Bias ratio

BT Brightness Temperature

BTD Brightness Temperature Difference

CALIPSO Cloud—Aerosol Lidar and Infrared Pathfinder Satellite Observations

CMDPS COMS Meteorological Data Processing System

COMS Communication Ocean Meteorological Satellite

CSR Clear Sky Radiance

DB Data Base

DCD Dual Channel Difference

EUMETSAT Europ'ean Organization for the Exploitation of Meteorological
Satellites

FAR False Alarm Ratio

AFTs Difference between fog top temperature and Surface Temperature

GEO Geostationary

GIS GEO—Graphics Information System

GK2A GEO—-KOMPSAT-2A

IR Infrared Radiation

KNU_FDA Kongju National University_Fog Detection Algorithm

KMA Korea Meteorological Administration

KSS Hanssen—Kuiper Skill Score

KST Korea Standard Time

LDAPS Local Data Assimilation and Prediction System

Lidar Light detection and ranging

LSD Local standard deviation

LST Land Surface Temperature

NDSI Normalized Difference Snow Index

NESDIS National Environmental Satellite, Data, and Information Service

NIR Near Infrared Radiation

NLSD Normalized LSD

OSTIA Operational Sea Surface Temperature and Sea Ice Analysis

POD Probability Of Detection

RGB Red, Green, Blue




RMSE Root Mean Square Error

ROC Receiver Operating Characteristic

RTTOV Radiative Transfer for TOVS

SD Standard Deviation

SRF Spectral Response Function

SST Sea Surface Temperature

SWIR Short Wave Infrared Radiation

SZA Solar Zenith Angle

Ta Air Temperature

TOA Top of Atmosphere

TS Threat Score

UM Unified Model

UTC Universal Time coordinate

VFM Vertical Feature Mask

VIS Visible

NR Nomalized Reflectance

AVIS Differepce between normalized reflectance of 0.64 gm and surface
normalized reflectance
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= 0.64 me] WHAFE#(24.35/(2COS(SZA) +./498.5225(COS(SZA))2 + 1)) (Li and Shibata,
2006)
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- BTD_12_13 (K) = BT12.3 - BT13.3

— ADCD/At (K/min) = [DCD(t) — DCD(t—1)] / AAt

QA HAs)k 2 U QA5 7] JANE AL #AF AFA A5E o] &5kl <k
N EA AFE] s ROC (Receiver Operating Characteristic) #4] 4 2747 A=
WS 23 #4315t (Lefran, 2015; Suh et al,, 2017).
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7) AZ FA A ekl B8R 5 H7k= 71A4A (Korea Meteorological Administration,
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Input Data Reading

AMI Satellite data Auxiliary data

Ch. 3 (0.64 um), Ch. 6 (1.6 um),

Ch. 7 (3.8 um), Ch, 11(8.7 um), Land/Sea mask, CSBT11.2,

30 day minimum visible data,
g: 1: E:‘Igg 3:;' EE 12 g;g zm’ Fog product(t-1),. Land type, Snow ¢.Cover,
Ch. 7(t-1), Ch. 14(t-1) Cloud Top Height, Cloud Detection

P eRE R TR A R
Values

DCD, NLSD_VIS, LSD_BT11.2, AVIS, NVIS, AFTs, ADCD/At, NDSI

BTD_13_11, BTD_10_12, BTD 08 10, BTD_10_11, BTD_12_13
-Select Fog Cases

- Frequency graph analysis
o Ton fackor T valtes er m -b —
Fog Test factor Dawn / Twilight

. SZA < 80° °>SZA > 80°
Optimization of Threshold Values Fog Test-Land/Sea Fog Test-Land/Sea Fog Test-Land/Sea
- Case studies DCD, LSD_BT11.2, AVIS, NVIS, DCD, NLSD_VIS, Previous Fog Results,
-ROC analysis AFTs, NDSI, AFTs, NDSI, BTD_13_11, Strict threshold test, ,
- Optimization of threshold values for BTD_10_12, BTD_08_10, BTD_10_12, BTD_08_10, Advection sea fog test,

Fog Test factor Advection sea fog test ADCD/At, Strict threshold BTD_10_12, BTD_08_10
test, , Advection sea fog
test, Life Cycle test

L ‘ >-

- Coast Test
- Spatial Continuity Test

- Desert and Snow area Test

* # Yes
# No
Final Decision of Fog Area <

Set Fog_QC_Flag

Fig. 2. 1. General flow chart of the fog detection algorithm using GK2A/AMI data and other
ancillary data.
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Fig. 2. 2. Fog detection based on the SZA and Land/Sea mask data.

Table 2. 1. Summary of test elements used for fog detection in this study.

No Test E. Day Night Dawn Comments
1 AAVIS/DCD AAVIS, DCD B AAVIS_TH = f(Land/Sea),
DCD DCD_TH= f(Land/Sea, SZA)
5 AFTs 0 0 _ AFTs= f(Land/Sea, time,
accuracy of model)
LSD NLSD_VIS LSD_BT11.2 - LSD_TH = f(Land/Sea)
NDSI O - — Land and Day only
BTD_13_11 @) - -
6 BTD_10_12 @) @) O
7 BTD_08_10 @) @) O
8  AADCD/AAt O - - Land and Day only
9 ANVIS 0] - - Sea and Day only
Land only
Day — combined test of AVIS,
) NLSD, and AFTs with strict
10 Strict O - (0] threshold values
threshold

Dawn — combined test of DCD,
LSD, and AFTs with strict
threshold values




Sea only
Day — combined test of AFTSs,

BTD_10_12, BTD_10_11,
BTD_12_13, NLSD with
advection sea fog threshold

11 A;j;/j(;;lon O O 0 values
& Night/Dawn — combined test of
AFTs, BTD_10_12,
BTD_10_11, BTD_12_13, LSD
with advection sea fog
threshold
12 Life cycle O - - Land and Day only
13 Land cover O O - Land only
14 Snow cover O O — Land only
Combination of fog detection results from ocean and land fog
15 Coast test . .
detection algorithm
16 Spatial Post processing of the localized fog or small holes which occurred

continuity test

at sea




2.3 YEA=

o &x daglFoA AFEEE= 9AAE T AMI/L1IB € AMI/L2% Tables 2.29F 2.3%
o, WEAZE Table 2.49F 7t}

2.3.1 AMI/L1B

= AL, WA AYE A Fol e £A4o] g Eibsirt. webs b ©A
of Ag¥= GK2A/AMI L1B A8 Table 2.2 YEA v} o] 7hAz1E 17, 24 €]
(Near Infrared Radiation, NIR) #4g 171, 28]l3 A8 (Infrared Radiation, IR) #4d 67)
T & 8/ AE AE7F AEHT

Table 2. 2. Input list of GK2A/AMI L1B data used for the fog detection algorithm.

Center
Channel Description Wavelength Use
[1m]
AMI band 3 TOA (Top of Main element for fog
Channel 3 Atmosphere) radiance 0.64 detection in daytime
Channel 6 AMI band 6 TOA radiance 1.6 Input data for norrpallzed
difference snow index
Channel 7 AMI band 7 TOA radiance 3.8 Main element for fog
detection in nighttime
Channel 11  AMI band 11 TOA radiance 8.7 Dlstmgulsh.fog from clear
pixels
Channel 13 AMI band 13 TOA radiance 10.5 Distinguish fog from edge of
low clouds
. Main element for fog
Channel 14 AMI band 14 TOA radiance 11.2 L .
detection in nighttime
Channel 15  AMI band 15 TOA radiance 12.3 Distinguish fog from edge of
low clouds
Channel 16 AMI band 16 TOA radiance 13.3 Distinguish fog from edge of
low clouds

2.3.2 GK2A/AMI L2

7 EAo] AFEEH = Level 2(L2) A8 E 2 Aefol A9 % HRAFE (sfc_NRO.64),
A, Q1% 23 AAZE b '] Amolth B AEolA o] AxEW WAL=
A A A Vo R WA 3097 HAA #hs oulsith. Al ©@X] 2w A§ G/
Aogtuel A st daglFe] A8d AnE A4 @
1, A A (snow—free)2 002 EFHFHo o F
S km 9YE FE 1% Fo] AEHa glom Tk
FAEE 2 km o)}t el BXeo] Fas L2 A5 EAL Table 2.37 ). o714 A
AZE QW A AR = FE AN B B2 7F of# o] bl gA el 7] AR
Ab-g-H T,

M
- |o
2
-
.
sl
rO
-



Table 2. 3. Input list of GK2A/AMI L2 data used for the fog detection algorithm.

Name

Description

Use

sfc_NRO.64

Minimum Value Composite of NRO.64
channel for previous 30 days

Main test element for fog
detection in daytime

Snow cover

AMI Snow Cover product

For the elimination of falsely
detected pixels at the snow
covered area

Cloud Top Height

AMI Cloud Top Height product

For the elimination of falsely
detected pixels at the cloud

area
Previous fo . . For fog detection for
& Fog product of previous time (t—1) g
product twilight/dawn

2.3.3 Bz A=

GK2A/AMI A 25 E S Ao AQ3t Bx Azos gz, Ady iz
g, SA/HF FE AR, FARD oA F 5% AF(CSR_BT11.2), ¢l &4 #H7le 4
A Ak, 2l b B Ayl HASE fls 714H B35 AA 9 CALIPSO A7}
Zestch o) B4 dueFel AHgEE wEdRe] 59 Table 2.49 2k,

Table 2. 4. Input list of ancillary data for the fog detection algorithm.
Item Parameter Use
SZA Solar zenith angle of each pixel Distinguish day','mght, and
dawn/twilight

Observation time

Observation time of each pixel

To apply life cycle method
during twilight

Surface data

Latitude, Longitude

Land cover map

For the elimination for
falsely detected pixels at the
desert area

Land/Sea mask

Distinguish land, sea, and
coast

CSR_BT11.2

Brightness temperature of CSR

Distinguish between fog and
low—mid—high cloud

Threshold values

Threshold values of test elements for
AMI fog detection

Determine fog probability

Visibility meter

Horizontal visibility of KMA

Validate the fog detection

data results over South Korea
Vertical feature Vertical feature mask of CALIPSO Validate the fog detection
mask results over sea




2.4 o]|&2 wj7

M= FE A7 A2 Aoy AyAFAow FAHY e 7F5 T 7EY sHF AW
of Asla Aol 1km v]Tkel &Aoot} (o Eyre et al, 1984; Ellrod, 1995; Gultepe et al,
2007a, b; Koracin et al, 2014). o|&i& W= F2 th7|7F b3S v WdstAY} o] &
g9 o dgsith, w2 A AFEelA F el viel Fo] V|EAHOowE e FshE
(physical) % Z&7A (textural) SAEL W= 2ok (o Lee er al, 1997, Cermak and
Bendix, 2005; Gultepe er al, 2007a; Shin et al, 2013; Koracin et al, 2014; Suh et al,
2017).

D o 277k e fAe 37k £How F4Ho] ek
2) A9 A/} FEel wet Aol Yot 3.8 mAH WEEO] 11.2 m wek Ak,

3) 7HAIA el M o] WAMETE AR B A3 753 frAbeih

4) e FATE FAA 7] wiEel I A 57 ARHLE (NFLE) 9 fAFsth
5 e F2 AdS 5 t7I7F b E w = BAYsH] wje] A 2l I3 MEgol

TEolu Axmdel nls]

6) 17 B¢ FEuT AAZ Faska oAl Auk

el 54, APARE ol & ] B, oxm W A B dAFtEo] T Eo

Qlth (o: Gultepe et al, 2007b, Niu et al., 2010, Koracin et al, 2014). T3, JAATE o] &

st dAY Ao U g@A duEls e sk AdAlsk 82 NESDIS  (National

Environmental Satellite, Data, and Information Service) (2010)4 EUMETSAT (European

Organization for the Exploitation of Meteorological Satellites) (2014) | A] Zro}E 4= Qlt}.
=

Table 2.5= GK2A/AMI Az ¢} 2 AR E o] &sto] & BAE o =2 AMSH =
el 3etA EAS ®ojFa Qith Table 2.50] AAE 382 EJEL e Zwr) et
3 S ol FHlskA 2AE wels wlg st BAeEs Bl ey oftkolu o
w7)/gE7]e 2ol 7hAAE W wabA 9] (Short Wave Infrared Radiation, SWIR) Ag2] A&
o] o wel= M ©A Theido]l dAASA A Eh sk A RS] 547 AETH
oFst <b7ll, ofstA A719 QM F5 otdlel e N, ATE ke S, HASE XYl
sk QEN, Atetolu} A 912] QM A g-ell= b BAIEo] dA 5] volxth AAAEEFH
HE ®HAeteE diFEe daEEseEs e FEA W AR SAES ol&stal vk
(Turner et al., 1986; Wetzel et al, 1996; Bendix, 2002; Ahn et al, 2003; Underwood et al.,
2004; Yoo et al, 2006; Park and Kim, 2012). & AFodE= e e} 35S FE37] Y3l
X o= AAe] 7|2 (air temperature, Ta), dFeAdE aAgH &% (sea surface
temperature) & #& X% A8 E AL Yt (Gultepe et al, 2007a; Shin et al, 2013;
Wen et al, 2014; Han et al., 2019).



Table 2. 5. Physical properties of fog and control factors.

Parameters Fog Features Factors Comments

— Si ity of N
Size and density o _ Nighttime only

Spectral droplet — Daytime: Solar
Emissivity - 83-8< €11.2 o
— Phase radiation effect
— Time of day
— Similar to surface
temperature — Fog depth and intensity Used for the
Fog Top .
— Warmer than that . separation of fog
Temperature. — Temperature profile from other clouds
of low/mid/high cloud
— Spatially uniform
— Greater than that of
clear surface B S.ZA . .
Reflectance — Size, density, phase, — Daytime only
— Similar to that of etc.
cloud
Intensity of inversion — NLSD or LSD
Roughness — Less than that over layer of 3 x 3 pixels

cloud and land surface Roughness of

background (Land) ~ Sea fog

Figure 2 19 %fﬂﬁl% SEkeolx A upel o] E duelFolA AREEH= W 7k
TC =

ozt QBN ®Ae] A H7EQ 4Rl DCD+= 3.8 met 11.2 mo] WE& 25 o] &+ W
Z oty Aol 3.8 me WEEO 11.2 mEt E2 EAS 71X (Kim ef al, 2018).
= et B2 AE RSk SAEA @A AlZelA 0.64 me] FarE WHALESH BE
st WALE Zpol & o] &akglth. o] W BhE wie] st WhAME gk <Ml ©H] IS xF
of #A 30Uz AE F Hws ArEsith 28l 7 stael e Atk whAE ghol A g
A A AHE 9 ) 9k " gt s ve s agsty] 98, Be we At
g RRARE B T3] o AR E 2 AbEske] o] &sklth Ela 2 AR S A dA g

o]

=,
=

O
=

3005 B Zte] Wy Wl ol RAN 7] fa) WAEE BAgzel b 9
3 ool Abgargith. Ea Folrol Aole By JFL wolH 53] o FHelL TEol
159 ol¢ A%Hoz WAsE A7k uwsy] e, %A 30074 B 7104 F kol

ke
Ir

S o] ¥#Hx} (Standard Deviation, SD) & 9|u|sdl= LSDE 37+

S RB7] 93 Frte AR, ool A xuS vy HbE 50 A= QFH9|
2 A%t AL o]&dt F - AT ANE FEEEU AFEEATE. SHAIRE Suh er al
Al A 5t H}ﬂr o] LSDYF AFE-3t8le wii= wicks} sh5-g Qe HEshy] of e
15 Heksl7] AEH 3 x 3 349 HFoZ ro] Fut (NLSD, 2 (2.1)). =,
7%1?11%:;194 HHAME = A3 LSD #robAl NLSD7F vl #4754 o]ejdt 542
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=3 wiol M fgatth T2 A AAAYe WMEES LSD7F BEF A4 NLSDE: ofgt 2
e 7 vk 3 53§49 49 LSDE A3 whbEE #Fer® NLSD7F & @hs %
A A Abgteluh yrixgl o] LSDE AtlAoR Am WML AuAor T g
NLSD7} Atid 0w ze ghe 27 so] etrle FRa717F 47 97 9o} (Fig. 2.3).
LSD(3X3 pixel
NLSD = (33 plxels) 2.1)

Average of 3 X3 pixels

(a) LSD_VIS (b) NLSD_VIS

LSD_VIS 20151020 0000 UTC NLSD_VIS 20151020 0000 UTC

120E 122E 126E 128E L30E 132E 134E o 124E 126E 128E 130E 132E

Z 2.00 0.10
0.09
C1008
L] 007
0.06
' 0.05
0.04
0.03

0.02

0.01

0.00

5 ¥ P
120E 122E 124K 126E 128E 130E 132E 134] 120E 122E 124E 126E 128E 130E 132E ISJE

Fig. 2. 3. Spatial distribution of LSD and NLSD at 00:00 UTC (Universal Time coordinate)
(09:00 KST (Korea Standard Time)) 20 Oct., 2015 using Himawari—8. (a) LSD_VIS and,
(b) NLSD_VIS.

ot

F=23k QS FEa7] 9a] AFRE AFTsE =774 AE oA Al 38k= CSR_BT11
A8 S ol gsle] AAFSFIt o] wWl CSR_BT11S 7|AHoA dglos $8EE FXdurd
(Unified Model, UM) & 53 5% ZE3}AS BAPAEREEQ RTTOV (Radiative Transfer
for TOVS) 9 8 A5 = AFEsto] ROt JASER % grolth, 7] GK2A/AMIC] bl &4
dug]|ES sty g8 AFEE CSR_BT11S 1AI7F 24407 17 kme &N ER A3y
gtk o] W 2d Az IA(GK2A/AMI %+ Himawari—8/AHI(Advanced Himawari
Imager)) 9] &3 a7t Aoletr] wiitel, A st =R Bl A5 E uitste] ARE-st
Ak mek AIZE Sl Zpoli: 1AIZE ghell AW 29 WiglrE AA vk Pl 1A%
Bt FUsHA AMEstel AR slekltt. 7S AFTsE AAE wl X8} nirte] A

A ARE AFEFoEAN BT ¥ BAE5S st 8 SdA e CSR AR
dE& AT 2% FH A v ARR AFESIAE FAFA o B EE (Local Data
Assimilation and Prediction System, LDAPS) ¥} CSR9] o= A5S Td oz #d3dr] ¢,
7y A HE 1Re] Abelel diEl] 24tk (Figures 2.4 9} 2.5). F 471 Abelel dist LDAPS
°] A (bias) &+ RMSE (Root Mean Square Error)= ZFzZ} 1.45 K¢} 5.08 Koln], CSR9| #H9]
¢} RMSE+ Z+7F -0.36 K9} 2.15 KoJt}. CSRe #He|9} RMSE %7} LDAPS ®Hrt} zor =
2 AFeA s LDAPS o5 Ak tlale] CSR ARE AFESITh dAl UM A 859] F3tad =
7F 17 kmeollAd 10 km2 ZAEJ oW, o]Z 2 km=Z iste] GK2A/AMI &gl 2433
b 2El Bl HAE YAREEA 1AIZE Fobe] A w2k W3 24 vERgr] w1
AlZE s % Wyl 3% gue 7ol Redn weba GK2A/AMI g FdAs B

il

11



B
il
it
—
(@)
M
o
)
|o
R

M

13F viaksted ARgsklth

(a) 2017031 (b) 20170615

L] MM B E  man ma Bns an 108
?ciUM - 0‘ 152962 ::(UM - 02;%79 1
o, = A orf, = v
300 Bos = =671 [K] - 3001 Bios = 2.78 m
RMSE = ;8 RMSE = J3.79
295 . 285
& 290 1 ¥}
N N
E 285 B E 2851
280 1 280 -
275 B 275F B
270 1 A i i I I 270 L 1 1 I L i
270 275 280 285 200 205 X0 05 270 275 280 285 200 295 X0 3048
LOAPS [K] LOAPS [K]
(¢) 20170901 (d) 20170103
s T T ? T L3 | LB ) | B 308 vy LA T T b | | 4
ngM = 02%2952 -4 gUM - 028%837
o, = i orf, = .
300 Bios = 4,20 [K = 300I" Bios = -4.13 [K 1
RMSE = 475 |K RMSE = 4,96
205} 1 :
& 290 s 7
2|
£ 2sf 3 .
280 - .
275 s <
270 1 1 1 1 1 1 270 I I 4 1 1 1
270 275 280 285 200 295 200 305 270 275 280 285 290 295 X0 305
LDAPS [K) LDAPS (K]
Density
0 5 10 15 20

Fig. 2. 4. Relationship between the brightness temperature of 11.2 um (BT11.2) and Ta
(Air Temperature) of LDAPS on (a) Mar. 16, 2017, (b) Jun. 15, 2017, (c) Sep. 01, 2017,
and (d) Jan. 03, 2017.
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(a) 20170316 (b) 20170615
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Fig. 2. 5. Same as in Fig. 2.4 except for BT11.2 of CSR.

TO R gol XYM 1.6 me HHAFEZF 0.64 me] HHALERCTE o 3o B3
T2 A GA o Wol AE-E = WHOITH(NOAA, 2015). 3FAIRE & AF-olA]
A9 Eoko A A 1.6 me] WAFEZF 0.64 me WIAMERT EA Ve
o] g3t Sl A AE sk ol &skqlth. 1Ela, Farsl WhAkETE A el
I Qe F 5EAE ol gste] et AW/ FEIEAE SAE FESd o] &3St
Tsk, F/okell #ARC] U &A i FES Ad 409 A9 AE=(8.7, 10.5, 11.2, 12.3,
13.3 mm)& %38 BTD_13_11, BTD_10_12, BTD_10_11, BTD_12_13, 283 BTD_08_10<
ol g3ttt CO2 AAEQ 13.3 me 11.2 me 3)E&% 2(BTD_13_11)E HEXFO7 o] &3}
o] Fo 2Ex #H HH FAE FERIGOoH, 105 met 12.3 me Jrer =
(BTD_10_12), 10.5 m$} 11.2 m2 3 =% 2 (BTD_10_11), 12.3 m} 13.3 m2 =%
ZH(BTD_12_13) 5 RxAH o2 o]g3ste] Slel F45S sl Ee 3.8 md} FAkSH
545 7HAARE F/op/Ag e A&FHOoRE AME Jbed 8.7 met 11.2me L% A
(BTD_08_10) & o]&3to] <tlet /At stas Tttt o2 F3be] HFEARS] A
2 9% BT3.89 Az Watgo] ot/fel g2 EAEAM =24 velhus dS o] 83kl DCD
o] AIZF W& (ADCD/AD S o] 438te] U F45 9 A sholA YeElds 28xH g
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4% Axssgi.

SANA WA N, B3 WAL e B BAb GAREEA 2WEE S40] vk uk
A olelF qhY AMEY S ol gato] el B £ FPAATE Figure 2690 A4
ahgl ol WEAeM Q) g wEse] A WEel A vehbe 2 AT & e
CHE A ws) AF Fo e MRS FH8] xR ok @ st Ak AR
YA gk mekd Fael AEA AR BAHE it WAL SHAR BF
2 4 th(Fig. 2.7).
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Fig. 2. 6. Diurnal variation of fog frequency observed by the 290 visibility meters over
South Korea.

>
X| X| X X| X
x| X| X[ x|

Fig. 2. 7. Conceptual diagram for the use of life cycle of fog, left (t—1) and right (t). The

‘O and “X” stand for fog and no fog, respectively.
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of et sgk7h Ao

st Aol A Q) Al A E H7h
@ e SAo] B

A QI HA Al 33 EdEo] 24

2 Sl
& = B sk 7oA g 3 < TSl Nk,
TodaE e Ak deld Ay, ekt A54S aystel # 3 X 3 stas B Al sha
F7h ARk o] ol ez A el

A= A 8 A A Aol whEh 2y w9l B e AEARE & oY 540 v
Gt dERd T wEbA /b B S E s skl flsiAe Al B AR A S A el whet
thekd Qb7 AbElZE e En SEAIRE GK2A/AMIZ el 548 BAsta dudss Mest
Zlell= AAMA 5 /U AbZE thekskA] obt meb 2 Aol A GK2A/AMISE A

$F Himawari—8/AHI A5 & o] &3to] e SAS At dugSS 7Idstdict. bl &
Aol Badk JrtarEse AAkS g3t $dll, Himawari—8/AHIS] 7HAI A E 3} A G AE o]
g3te] N7E BASE At E AT A g F] YA Aldel mE ] SAS B A8 &
A Atdles AR HE 47 2~7A8 AAsklew, AS At ', AE, 7HS 42 dis 270
A ATt 2 AT s F/okel wet AR The 914 Ado] Aolst A g E 1
Halo] ol BRI E F1h3 ofgto g RGO AAZE tEA A3 (Tables 2.6 I
2.7). ZF Brke s 8 27 dARE 28] A8l <l AbElel oist Eg 48 SkSlth
(Figures 2.8% 2.9). 35+ W 9lstAl AT A #5257 §l7] witel Fig. 2.87% 2
o] FoAo g A S AP MEFE B4 59 A, AFAE VIFow A
do® JH Tk stAhEe] dist Hrte sl #hEel dE] WES 48t (Figure 2.9).
Figures 2.87 2.9% &3, B7l2452 #3x7F % 9 g et = =24 veds &

T Stk 'EE ofttel= DCD7F 0 K o2 vt EAE W & 7253 Stk AFTsE §/
7 BT 0 Kg THSE + 5K oJul®2 yehdal glojA, elel 4 5 stasd 7
T AeS RolFEth s g F¥EEY 45 FHHES S o] FEA/ 244 EAE
S o] g3 elEA I} wl$ oS veERdY HESE BAS FI AAE 27 AR va
Hslet A FAR R HAS st o] w FHAstE AR GK2A/AMIC] <l &2 &g
=9 7] dAFCeRE AFEEd o) Tables 2.63 2.7¢] Yeldth. GK2A/AMIO A g9 %7]
AAF 20199 7€ ~ 2019 9L BAgst F 127] <l Abdlell il WS 4 & A

gkl

kA RE, AbE7E 20199 7€ ~ 20199 9€el sty o] Qlo] AARS HAFe o= AH %
o] Qit}. ole] me}, &l wEA AV FAs] F77EAAAE A= DCD i AIgke]l #H A
she] A ekgkrhar kst —1.0 ~ 23.0 K& ik AIgkel A 2.5 KO 114 Azt o= WA st
Agatgler. sHARE, 75 YA ¥A 7t tha Eo] yERY BTD_10_12 AAI#E 4 KellA
3.3 K& 943 =48kt T3k, 27k §delA dAste] w5t s oz o] Fahi: sl
v AW X7t 3438 S e 71 AAG HAER @AsA] Xkt wAlde] AT
olo] w}, olF HF-E= A AT HAEES FrlEIh o] HAECME e e uf
g 743 Hats AULEE 1#ste], dldddA AHesel el A 2EAkolE 4~10 K&
A 53, BTD_10_12, LSD (% NLSD) AA#=S 77 2
Tho® AdAste] ol dlFE ©AstaAl shQlvh. e, FAs FESS AASHHE GK2A
$ANE AEEY oy 3L 2&Exo] (BTD_10_11, BTD_12_13)& o] &3t}
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(a) Selected sub-areas (b) DCD
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Fig. 2. 8. Frequency distribution of the optical/textural properties at the selected fog, cloud,

sea, and land area from 03:00 KST to 04:50 KST Apr. 07, 2017. (a) Selected sub—areas,

(b) DCD(SWIR-IR), (¢c) AFTs, and (d) LSD_BT11.2.
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(a) DCD (b) AFTs

3000 T T T T T T
3000 ] =
2500 —
2500 =
2 2000~ ] & = =
2 i 2 2000 —
a GJ
a a
E 1500~ — £
> S, 1500 .
2 2
k4] k]
T 1000 — T
1000~ =
500 — 500 |
oL 1] T - IR e 1 1 I N I
-10 -5 5} 5 10 -10 -5 0 5 10
DeD (K) FTs (K)
(c) LSD_BT11.2
1200 s | T T T T T T
1000 - -

800 M 1

Histogram Density
o
(=]
o
T
1

400 —
200 ’ ' -
IT | T
0 ..|;..|..a—l...,...|.
0.0 0.2 0.4 Q.6 0.8 1.0 1.2 1.4
LSD_BT11 (K)

Fig. 2. 9. Frequency distribution of the optical/textural properties of fog pixels on training

cases in nighttime. (a) DCD, (b) AFTSs, and (c) LSD_BT11.2.
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Table 2. 6. Threshold values for the 10 test elements of Himawari—8 and GKZ2A for

daytime.
Land Sea
Step Test elements
Himawari—8 GK2A Himawari—8 GK2A
2.0 10.7 4.0 10.7
! ALVIS [%] (HLE) AN (ARE) (s
2 AFTs [K] -5.0& 1.0 -3.5&1.0 -6.0 -4.0
3 NLSD_vis 0.50 0.30
4 BTD_08_10 [K] -1.3 - 1.3
5 NDSI -0.15 -
6 BTD_10_12 [K] 3.0 4.0 3.0 3.3
7 BTD_13_11 [K] -19.0 -19.0
Strict threshold test oA 10.7 (3518
8 (AAVIS [%], o AT HRAEE) —4.0 -
-5.0, 0.10 1 ’
AFTs[K], NLSD_vis) 0.10
Advection sea fog test
(AFTs[K], BTD_10_12[K] T10.0-~1.0,
9 SB, —t- ’ - - - 2.0, 0.15,
BTD_10_11[K], BTD_12_13[K], 10.3. 0.1, 2.0
NLSD_vis, Cloud top height)
—-1.0 ~ 23.0
—-1.0 ~ 23.0 2.5
10 DCD [K] Can (SZA: .
(SZA: 80~20) g0~20) SZA 1H)
11 ADCD/A At -0.14 & 0.35 -
[K/10min]
12 ANVIS [%] - 23

Table 2. 7. Threshold values for the 5 test elements of Himawari—8 and GKZ2A for night

and dawn.
Land Sea
Step Test elements
Himawari—8 GK2A Himawari—8 GK2A
1 DCD [K] -1.5 —-1.25 —-0.5 -1.5
2 AFTs [K] -5.0 —-3.5 -6.0 —-4.0
3 LSD_BT11.2 2.0 1.0
4 BTD_08_10 [K] -1.3 -1.3
Night =5 BTD_10_12 [K] 3.0 4.0 3.0 1.0
Advection sea fog test ~10.0~—
(AFTs[K], BTD_10_12[K], - - ~ 4.0, 2.0,
BTD_10_11[KI, BTD_12_13I[K], 0.15, 10.3,
LSD_BT11.2, Cloud top height 0.3, 2.0
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Strict threshold test

1 (DCD [K], AFTs [K], -1.9, -5.0, 0.8 -
LSD_BT11.2 [K])
BTD_08_10 [K] -1.3 -1.3
Dawn 3 BTD_10_12 [K] 3.0 4.0 3.0 4.0
Advection sea fog test ~10.0~—
(AFTs[K], BTD_10_12[K], B ~ ~ 4.0, 2.0,
BTD_10_11[K], BTD_12_13I[K], 0.15, 10.3,
LSD_BT11.2, Cloud top height 0.3, 2.0

1 291 uhg} gol ) BAY AFHE £AES FRHoR W FuEy] fE
3 Fetel Agol BastA gk

ol €2 duEFe AdUFUINS AMgste g, HE AEES 7 g E ol /%
9} ot Bx Aol FAo thdt Azo|tt (Table 2.8). SAIEZES v 108 F7|2 AF&EHH
SIS EE ofztell= A A X dAFe] 2 kmolal Fike= Alo}= 2 kmeo| A w8t
W= = 500 mo] o,

B
=2
ot
(o]
o

Table 2. 8. Summary of fog products and flags retrieved from fog detection algorithm

developed in this study.

Product Type Name Description
name
FOG short long_name AMI L2 FOG 2km
_Unsigned TRUE
_FillValue 65535
Valid_max 7
Valid_min 1

scaling_factor —

add_offset -
units -
product_meaning | 1: Clear
2: Middle or High Cloud
3: Unknown
4: Probably Fog
5: Fog
6: Snow
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7: Desert or Semi—desert

DQF_ byte long_name AMI L2 FOG data quality flags
FOG _Unsigned TRUE
_FillValue 255
Valid_max 15
Valid_min 0
units none
flag_meanings 0: normal
1: Abnormal — bad quality of satellite data (Ch. 03)
2: Abnormal — bad quality of composite data (Ch. 03)
3: Abnormal — bad quality of satellite data (Ch. 07)
4: Abnormal — bad quality of satellite data (Ch. 14)
5: Abnormal — bad quality of auxiliary data (Dynamic)
6: Abnormal — bad quality of satellite data (Ch. 05)
7: Abnormal — bad quality of satellite data (Ch. 16)
&: Abnormal — bad quality of satellite data (Ch. 13)
9: Abnormal — bad quality of satellite data (Ch. 15)
10: Abnormal — bad quality of satellite data (Ch. 11)
11: Abnormal — bad quality of previous time satellite data
(Ch. 07)
12: Abnormal — bad quality of previous time satellite data
(Ch. 14)
13: Abnormal — file open error or bad quality of previous
time results
14: Abnormal — bad quality of snow cover data
15: Abnormal — undetectable pixels (Under middle/high
cloud)
Del_ short long_name AMI L2 del_Fta data for image display
Fta
_Unsigned
_FillValue —32768
Valid_max 60
Valid_min —100
scaling_factor 0.1
add_offset 0
units K
product_meaning
FOG short long_name AMI L2 FOG 500m
500m _Unsigned TRUE
_FillValue 65535
Valid_max 7
Valid_min 1

scaling_factor
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add_offset -
units -
product_meaning | 1: Clear
2. Middle or High Cloud
3: Unknown
4: Probably Fog
5: Fog
6: Snow
7: Desert or Semi—desert
DQF_ byte long_name AMI L2 FOG500m data quality flags
FOG500m _Unsigned TRUE
_FillValue 255
Valid_max 15
Valid_min 0
units none
flag_meanings 0: normal
1: Abnormal — bad quality of satellite data (Ch. 03)
2: Abnormal — bad quality of composite data (Ch. 03)
3: Abnormal — bad quality of satellite data (Ch. 07)
4: Abnormal — bad quality of satellite data (Ch. 14)
5: Abnormal — bad quality of auxiliary data (Dynamic)
6: Abnormal — bad quality of satellite data (Ch. 05)
7: Abnormal — bad quality of satellite data (Ch. 16)
&: Abnormal — bad quality of satellite data (Ch. 13)
9: Abnormal — bad quality of satellite data (Ch. 15)
10: Abnormal — bad quality of satellite data (Ch. 11)
11: Abnormal — bad quality of previous time satellite data
(Ch. 07)
12: Abnormal — bad quality of previous time satellite data
(Ch. 14)
13: Abnormal — file open error or bad quality of previous
time results
14: Abnormal — bad quality of snow cover data
15: Abnormal — undetectable pixels (Under middle/high
cloud)
Del_ short long_name AMI L2 del_Fta data for image display
Fta
_Unsigned
_FillValue —32768
Valid_max 60
Valid_min —100
scaling_factor 0.1
add_offset 0
units K
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product_meaning | —

3. 2xs ¢ HF

Himawari—8/AHIE= GK2A/AMISL A% SAo] Zow, F3wE33H(Spectral Response
Function, SRF) 7} wl-¢- fAFsH?] ozl & ATtellA 7iEst Qb)) 4] duglEe HAESH
Q& 2 JdHEAHZE Himawari—8/AHI®] Ch.3(0.64 m), Ch.5(1.6 mm), Ch.7(3.8 m),
Ch.11(8.6 m), Ch.13(10.4 wm), Ch.14(11.2 ¢m), Ch.15(12.3 m), 23832 Ch.16(13.3 mm) &
AgERlth o X G Fel FE AMEEE GK2A/AMISH Himawari—8/AHIS] AdE2
T4 g9 Table 3.1 WebdA wRsh o] wj%- fAlsio).

Table 3. 1. Summary of satellite data used for the fog detection algorithm.

Center Wavelength [ym]

Channel Test elements using each channel
AMI AHI
3(VIS) 0.64 0.64 AVIS, NVIS, NLSD_vis, NDSI
5(NIR) 1.6 1.6 NDSI
7 (SWIR) 3.8 3.9 DCD, AADCD/A AL
11(IR) 8.7 8.6 BTD_08_10
13(IR) 10.5 10.4 BTD_10_12, BTD_08_10, BTD_10_11
15IR) 12.3 12.3 BTD_10_12, BTD_12_13
16 (IR) 13.3 13.3 BTD_13_11, BTD_12_13

AN 'A Aol FAAA v ATs s =771 dY & T A
1% (Communication Ocean Meteorological Satellite, COMS) & o] &3s}lo] AF&3t <7l &% =}
5 (COMS Meteorological Data Processing System_fog, CMDPS_fog) & A
415 16% F712 A5 #58 7AAE 1 km, A9AE 4 kme 3 s .
Tk oF 28001719 Aol 1% F7IE B5ske AEA AR 108 Hd AA (km)& ©l
golol 344 B ABA AL vk (Fig. 3.1).
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Fig. 3.1. Spatial distribution of visibility meter of KMA.
3.2 A< W
WY BA BAE A5 AFHI] A FYAAE NFHANN AT AP ARE
o] g3ta slel A= CALIPSO AR ol gatalrh. AFogeln B3 Jodo] 3458 5 78
of 9t AF, FHAMNL AR FAAE JHORE TRHOR AWYRE % 5 YOEE
AsolA Adatader. w5 AFAGNA AlGAE GK2A/AMIS] 3telid = 9 #5F717F &
olst AL th5 o] dA gttt 1+ #S5 FUIE F&HE AW ARE AL #SF AR
1083} AAa7] SAal, ol 10%7ke] A4 ArE Awetol A&t Eak g
8] Aol A @kt AAIZE ZEal Sl FIFUEA LY SHAIE L ste], AFA AR gk 7
AT 4 FAE FAHOE 3 x 3 FAY U #A ARE ASUNSRE SGT o714 AlA
A7y Zb= 3R EA Y Al #S5AMTE 4 cm T OA o] AR AHE o] 8-8ko] AlA
I

KNU_FDA (Kongju National University Fog Detection Algorithm) 2] ¢t &% 452 Fig.
3.29] E3¥E (Contingency table)el] 7]%3}le] AtEX+= POD(Probability Of Detection),
FAR (False Alarm Ratio), KSS(Hanssen—Kuiper Skill Score), TS(Threat Score), Z1E8]1
B (Bias ratio) & AH&-3stth (Wilks, 2011). o wf HS % AEAL] Aol 1km mvk(e]d) o
uf o] AJAS HTHs §4 4 FH 3 x 3 A F shEtE M) E BAHANS A
$ 27 ¥9A3F 7 (hit =& correct negative) & & 3}t Wb AZ A A1 AAAIS] Al o] 1km
o (T Y w o] AAISE HTAS 94 kA FW 3 x 3 kA EFUF (M) 2 EH]
HoE 49 LEA (False) (WA Miss) 2 &3lth. ©]5 ©]&3 POD, FAR, KSS, TS, 7121
Bl 4h& Wl 2 (3.1), (3.2), (3.3), (3.4), 183l (3.5) ] Z+7F vErd STt
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dtEofjof by ddato] AA HIFE AN A FWH 3x3 Ak T oshueEt: PR
A skle A oA (Hit(H), False(F)) = gosta 1 3x3 3f4 RF7F /bA7E ofyeta
g2 RS A v/l (Miss(M), correct negative(C)) 2 F3t=sE FAs3ch. WA
A e o] &3 HF A= 3.3.5 Aol AT
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Fig. 3. 2. Contingency table and modified criteria for the validation of fog detection results.

See the text for the modified criteria used in this validation.

POD =
H+M
FAR = ——
H+F

KSS = POD — FAR

H
TS =
H+F+M
H+F
B=—
H+M

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)

2FE¥ POD$E FAR, TSE =5 0 ~ 19 #%& 7Fxv, PODS}

5%, FARS SHARE 0o 7HESE gHSEol

FARS }—%ﬁ*ii B7ret7] $1eke] KSSE 01% aF3lth KSS+= -
=7E BAFEo] ¢S Andn ) B4 o] A/ %‘?ﬂ% LHE}
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3.3.1 Himawari—8 <Ml &% &g+ A5 243
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Tables 3.2%} 3.3 16719 & s Abelell sl Aol #5108 F Al

4 AEE o]€3te] KNU_FDAS] ®©X] ?%% 7&%5; Aujolt}, o] wf, FAFTEol AE A

AAAE O T = x]rdmﬁ o 4= glomg Ao A9 et Shin et al.(2013) ol 2] 3}
J km ool A <] &H =7t VERdTh

g1t 2 J ok 1

web] A 1wt 9% 1 km oY A5 502 Fogt 4 glor, 2 AFA s R
Al F& g 288 g8t AFTs7E 5 K ol 4 A4S Aol Attt A S 7
ZAtd Zhzhe]l it PODE 0.88 ~ 0.913 0.86 ~ 0.97F F/ok/o1® 7] #AIglo] =& AFH
< Helth shRE 7H7}9 Jﬂ# FAR©] 0.52 ~ 0.61% 0.45 ~ 0.66 & YER} @B o] vx
orth, FHE Al 9 AESAME A PODSF FAR 181l o]59 Z5#Hx19] xjo]7} zm A2 Fo=E
oo 2 Ao FhAEE T dAzES HAsE AdsA AAEASS & F U =
3 FEAld 9 HEAME Zbzbe] Fi B7F 1.88 ~ 2.359) 1.55 ~ 2.66% YEh}a glo] ® A

o8] el & daElFe] AE B XS e & 7 Utk 53] 2 AFelA ] <t

N FA FEE T/l BE Q7Y sl @A 7hee] BAME AbdlelA 7
el of F At EClA 7H WA dERd T Qith A o AtelER 20179 9€ 8 AF
783l 20173 49 159 Atdle g2 AbdlEol vlE] i) okstAl AlEE Al EE Qb ©A
Frol WA yebd mEka 2 A A g bl @ s e ARy f3dd wet
A FEo] wigkshAl vEbda glok webA bl €49 d3AdS FEAI7]AL FARS £0)7]
AaA o B A7t F s
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Table 3. 2. Validation results with ground observed visibility data according the time of day

for training cases.

Case POD FAR B TS
(YYYY

MMDD) D N D/T D N D/T D N D/T D N D/T

2017 0.98 1.00 1.00 0.72 0.84 0.70 345 6.36 3.28 0.28 0.16 0.30

0315
2017
0328 0.97 1.00 1.00 0.50 0.49 0.45 1.95 1.97 1.83 0.49 0.50 0.55
2017
0402 0.95 0.98 0.98 0.47 0.58 0.37 1.77 2.31 1.56 0.52 0.42 0.62
2017
0407 0.91 0.91 0.89 0.84 0.78 0.80 5.72 4.10 4.48 0.16 0.22 0.19
2017
0415 0.90 0.88 1.00 0.93 0.83 090 1216 5.10 9.58 0.07 0.17 0.10
2017
0501 0.98 0.92 0.93 0.59 0.61 0.36 2.36 2.34 1.44 0.41 0.38 0.61
2017
0513 0.94 0.92 0.97 0.48 0.71 0.49 1.82 3.12 1.91 0.50 0.29 0.50
2016
0709 0.62 0.77 0.93 0.44 0.60 0.49 1.11 1.95 1.83 0.41 0.35 0.49
2016
0806 0.10 0.30 0.50 0.92 0.27 0.40 1.13 0.41 0.84 0.05 0.27 0.37
2016
0811 0.24 0.35 0.39 0.31 0.42 0.54 0.35 0.60 0.85 0.22 0.28 0.27
2016
0812 0.12 0.26 0.28 0.52 0.24 0.38 0.25 0.34 0.45 0.11 0.24 0.24
2016
0913 0.89 0.89 0.87 0.57 0.36 0.40 2.05 1.39 1.46 0.41 0.59 0.55
2016
1019 0.97 0.94 0.94 0.20 0.32 0.31 1.21 1.38 1.37 0.78 0.65 0.66
2016
1220 0.90 0.94 0.98 0.49 0.63 0.64 1.76 2.56 2.70 0.49 0.36 0.36
2017
0103 0.80 0.96 0.86 0.06 0.52 0.11 0.86 1.97 0.96 0.76 0.47 0.77
2017
0214 1.00 1.00 1.00 0.37 0.69 0.58 1.59 3.28 240 0.63 0.31 0.42

Total 0.88 | 0.91 0.91 0.54 0.61 052 189 235 1.88 043 037 0.46

SD 032 026 023 024 019 020 289 166 219 023 0.14 0.19
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Table 3. 3. Same as in Table 3.2 except for validation cases.

Case POD FAR B TS
D N | D/T D N | D/T D N D/T D N | D/T
gg}; 0.68 0.87 093 032 076 044 1.00 3.64 1.67 051 023 053
2017

0525 0.79 0.94 0.96 0.19 0.67 0.41 0.98 2.86 1.63 0.66 0.32 0.57
ggﬁ 0.81 059 061 092 000 0.00 1%'6 059 0.61 007 059 0.61
2017

o713 | 086 093 099 064 060 058 240 231 236 034 039 042
2017

0908 0.87 0.80 0.83 0.50 0.74 0.00 1.74 3.13 0.83 0.47 0.24 0.83
2017

1025 0.93 0.87 1.00 0.09 0.68 0.31 1.02 2.72 1.45 0.86 0.31 0.69

Total = 086 @ 0.89 097 045 066 0.47 155 266 1.81 0.51 0.32 0.52

SD 0.09 013 015 0.31 029 024 3.81 1.05 063 027 0.13 0.14

3.3.2 GK2A Wi &4 23 A4 A5

Figures 3.3~3.62> GK2A/AMIZ €% <Ml &2 d3e] 42 AS5S 98, CMDPS_Fog
Jth 20199 79HE 9
A7k 2 HE A0 B At diE #A sk 20199 78 AbEle S5 FTF B A
of MAstGion, 79 4 AHE AL A 3/ Atdle 9o A kP o, 53] 7
4 2499 269 e A X el AH F-Fo] Auzkd Atdleln 20199 893 9€ A=
WSel] Bgs EAE Algl2 8¢9 304, 9€ 249, 9€ 299 ~ 3098 Qe AErt FshH
Q7 el FEol HAaFOo R A st o)A HARE Abdlojth wbd, 20199 8¢ 3143 9
9 1749 At vlad e AErh ok Abgolnt ke Ame] mE ¥4 s A4
o2 Hrtshrl Hdll, e Awvk wwd ZAPd 99 24 Ablel wlwA kst FRE Rl
20199 9€¢ 17¢ AtelE Figs. 3.3 ~ 3.6 YEHt. KNU_FDA<9 CMDPS_Fog ©# A%}
A GA L] F3F et AZA o nluge W, e AEvF A A F dags BT QWA
o
[e]

)

£ & gxsu At (Figures. 3.3 I 3.4). 20199 9¢¥€ 244 AtdgolA F7+ A
CMDPS_FogelA&= €x st &3 depdzo] 2323 <2 KNU_FDAE & €xst1
(Fig. 3.4). T3t ¢/l A =7t oFd Abdl oA = CMDPS_Fog Xt} KNU_FDA7ZF =7 x4 Ql <t
Mg Hoh & gx]star ltk(Figs. 3.5 # 3.6). sk, AJAY] A% vud o, F &g
= BFolA e AEsh dAGle]l eEASE nEA] gtAavE o] [ds] yERaL Qith mheba] o
As] ol = e¥A] W wgA] FAE A e g@Ae] fE Ay BAIAY(GEO—
Graphics Information System, GIS) 5 TS HZXAREE &85l QM 84 71HS A &
Q71 St
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(a) CMDPS_fog (b) Ground data
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Fig. 3. 3. Sample image of fog detection results at 04:00 KST Sep. 24, 2019. (a) COMS fog
image, (b) Ground observed visibility, and (c) KNU_FDA fog image. The red color in (c)

indicates foggy pixels. The blue and green dots in (c) indicate false—detected and missed

pixels, respectively.
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(a) CMDPS_fog

(b) Ground data
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Fig. 3. 4. Same as Fig. 3.3 except for 09:00 KST Sep. 24, 2019.
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(a) CMDPS_fog (b) Ground data
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Fig. 3. 5. Same as Fig. 3.3 except for 04:00 KST Sep. 17, 2019.
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(a) CMDPS_fog
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Fig. 3. 6. Same as Fig. 3.3 except for 07:00 KST Sep. 17, 2019.

(b) Ground data
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3.3.3 GK2A Wl €A dA¥ AF4H A=

Figure 3.7 GK2A/AMI Ao KNU_FDAES # &3t &3 127] <t/ Atelol thall A%
Ale] 104 Ft AGge ol gst] g or ATk Aot 127] Abdl H+t POD9 FARS
Zkzb 0.848F 0472 23 A%< 0.70% 0508 w=eta Uth(Fig. 3.7(d)). AZtiE 2=
o 7)o H¢ PODE FARO] 747} 0.863 0.38% €A 71 #=gkor F3ko] H¢ POD
o} FARe] 747} 0.86% 0.57% ©A FFo] 71 WA dvebdar Qlok. b At & W7 &
Ad AGA 7 100070 o)<l Aol = RF 5% AgEE wSHad oy vt 49
A AA F7F 259 Atglo = eErx o] 0.5 oo ® At o® =4 vehta gtk AA
o7 & w KNU_FDAS SHHEA 52 /A A7k ofye} oo Aror S
W gith 79 269 ArES] A, F/oHelW ] BEE A elA POD7F FARR T ZAY 2
e Qlo] Bx o] o]d A WA U QQls dolr ] 9] sd Abelel whal 91449
S AAE] BA Y] Btk Q9 BAAn o) Yol FAEEo]l FHIEA AR o
CSR_BT119] AFox=Z s 452 AA7ZF J43] o] Fojxx] XEsle] ngA] stavt v
HASE Zlo] F A19S vletalqit).

(a) Day (b) Night
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mufog =-POD —-FAR mfog —-POD —-FAR

Mean FAR = 0.57 Mean FAR = 0.45
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Fig. 3. 7. Validation results with ground observed visibility data according the time of day.
The red and blue lines indicate POD and FAR, respectively. The gray bar represents the

total number of fog points used for validation.
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A AAE e B4 S Hrkstr]l g8, SA/min AR E ol &8k §X 9 sk
Zhell il A HES AAEATH(Figs. 3.83 3.9). &AM H PODS FARe] zhzt
0.867 0.46° % det7lRt}t £ Bx £3+& H(Figs. 3.8(d) <2 3.9(d). &4 X2
A E YA EAE Ay o4 r|Y o S e8] Fr PODSF FARZE 747 0.89¢F 0.37%
7t 58k gx B At (Fig. 3.8(c)). okzgtolli= X g} dlit7te] #AGlO] Ft
PODE} FAR01 E & w3k #%Oi INE RSl Uk vk, FhelE &
7+ 0. 83°.% A YepA|nl, HLf FAR7} 055 o] o
2 =4 L}EM EXHT 29 nFES & 5 otk @licbrelA 01”5‘71?4_ o QEA &S 5\}71]
UrE}Ur;qﬂJ, SAE e A vEbda vk Aol = FARE7E wol whlsk 20199 7€
, 98 244, 299~ 304 AbEAA ©A FiEo]l =A UERE Wb AT SA Ao t‘“gﬂ
A}eﬂ N ©A FFo] WA vebda ok ESE dicbrtel = QkA7F Hel #As 20199
4 At S s B FFo] AR A4 vEbdal oy 7 AL HAEHA] 9 2019
ki 89 269% 319 28 9€ 18U Aldleld evA&o] ¥4 delda ok FgHow &
o 2 Ao A st YA daElFo] Hx fr%% Gt oy el Ax, HE“@ AlZh 2
A A A wet &2 o] vheksthAl JEbdal g3, A A1 E B sh=dl A7
Rom FH R} b7t A LA Eo] FA YERGaL %E}.

|
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n POD = 0.89 Mean POD = 0.86
FOG ~—POD —~FAR Mean FAR - 037 FOG ——POD —FAR Mean FAR = 0.46

Fig. 3. 8. Same as Fig. 3.7 except for land.
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(a) Day (b) Night
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Mean POD = 0.69 Mean POD = 0.75

FOG —~-POD ——FAR FOG —=-POD —FAR

Mean FAR = 0.42 Mean FAR = 0.52

Fig. 3. 9. Same as Fig. 3.7 except for coast.

3.3.4 Ay 82 S8l Mg GK2A Wl &4 Ay ZA4 HAF

7RI AE = 2020 39 GK2A/AMI SHREA] AEES ddlslr] oA, ks
TARES M H. WA, 20199 7TE€HE 9¥€7tA S GK2A/AMI A= E o] §-3to] AAgko]
el el wet sF AAgte]l HASE A ot ST mHA 7} B TAFC] AT o]l
ugl, DCD AAS 524 AAFAM A2 dAges 24sAt AN, FEAA LEA| 7}
el BTD_10_129] dAIzkE Qs A, 7]& GK2A WNEA (Fig. 3.10(b)) ellAl A3
23 SFE A GK2A INEA (Fig. 3.10(c)) oA & &8t sF n|gX|7} slisHe A
ST A=

EE, A8 ol FolE S 8% WS BAES AsHE A2 FASTh Figs. 3110
A HelE Al A7ke SAIA Q7 BAste] WES SoR olFahs AdE, AW &
£7h §43) Z7hel web J1E A% HAER AFE g Rahs Aol Ugith of
of weh, olF ¥ @A HAEE Frhste] of dTE GAtnA stk oF AT @A )
REE AREEIL Al FobdE e mestel sge] ARMLEs QYRR Aol U

s gdsiA Fa ugE A9 MY xlo] 7nt HAESS Frlste] 7E o¥x] A A AS
T HAEo|th A& Ay, 7]E GK2A MIEA (Fig. 3.11(b)) A EX|stA] X3t olF 3|F&

M 7NEA (Fig. 3.11(c)) oA 2 EA et el sd=dSo] sias ol

TElan F3F gl B P AE e S R e¥A s EAIFH] At o F3
NE FA Sk FH VM OE AFSHE AR ARk T T2 RS o] & o
#HAslE o] Joo LEA7F YER= Aot o] EAE dldsty] f& AzHE P
we Mk WS E BRG] AR SR Ui FoiA] Azt wEr At gk vt

= A3tE sl 5 oA o AFEEEdTh 1 A3}, ¢/l RGB 94+ (Fig. 3.12(a)) 9F Bl

< o, 7]& GK2A <MHE#] (Fig. 3.12(b)) oA vHetdd 75 7Fgatel el Fd 99 e¥8A

A7E A BANEA (Fig. 3.12(c)) oA A== As g8 5 A%t

M3 N 2 9 2
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Figs. 3.1304 Al Abdl= FFoRzt s el FAF Fod& LEA s EA7F 28T Abd ol
]

t}. Fig. 3.13(a) 9 GK2A AR JA T 3Abrp dhAsh Abg g gelsk 4= Qi) o] &
AL A7l g8 WAe] gk 8.7 met 10.5 mm AL F5E& Aolx Q] A= A A
IELE xpo] = Aol S AL e, Fig. 3.13(c) 9 #o] At A e8A] FAS QA
sheltt.

2] Fig. 3.149] $1% 3ol & F Slkol, o8 ofH S FAdA Azt B
SEA7F HAEE EAVE Ak ol AH WAIER skl AREE 309 H4 WRALE 3

I FAAE WARE ge] o]zt o] & o FAelA AA dEhd 2w ZAZ, 30 2w

APEE AFEET, 309 Fo L AR, T AN dEA s B4 9Fe L sA

kok7] witelth ol F sds] f8 309 Ha WHAES AAARE WALE ApolE AXME o,

RALE S B F g 2ol disl Aarstetol AREeRGiTh. 7 A3, ol & ok el I L' AL
Ao w MAsE TAZF HAEE Felakslvh(Fig. 3.14 (bottom)).

(a) CMDPS fog

(b) KNU_FDA (before)

Temperaime EHTrrence bepwesn Snface & €1md Ton K |
' 2 s 5

Fig. 3. 10. Sample image of fog detection results at 09:00 KST Jul. 28, 2019. (a) COMS fog
image, (b) KNU_FDA fog image (before), and (c) KNU_FDA fog image (after).
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Fig. 3. 11. Same as Fig. 3.7 except for 10:00 KST Dec. 10, 2019.
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(a) GR2A fog RGB

(b) KNU_FDA (before) ' (c) KNU IDA (aftor)

. X w,' e '] N B R ~ RN, =5
. 5 ¢ ;

.....

%

Fig. 3. 12
fog RGB image, (b) KNU_FDA fog image (before), and (c) KNU_FDA fog image (after).
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<

Fig. 3. 13. Sample image of fog detection results at 16:00 KST May 12, 2020. (a) GK2A
dust image, (b) KNU_FDA fog image (before), and (c) KNU_FDA fog image (after).

e .
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06:00 KST 07:00 KST 09:00 KST 10:00 KST

o2t 20010 21 1 UTC FogiSm) NLUS10 23: 0 UTC

T 2hm) 36200011 00w UTC i Sha) 01104

Fig. 3. 14. Sample image of fog detection results at 06:00~10:00 KST Mar. 11, 2021. The
top is KNU_FDA fog image (before), the bottom is KNU_FDA fog image (after).

3.3.5 dY &< 98 MAsE GK2A <H) &1 A3 A=A 7HA=

7P AE = 3.2 AelAe] AW o] HAF AREE AAl Aol IiEE 5
Azrow Agata, AFASt HE A fdsta EBtotyst FW 3x3 YAEA G
vl F 3w, False 9 Correct negative & F & AIGA #kell gl dAHES /A
wel 2020 @ 3 €l 2021 @ 1 ¥ Feto] 21 A oA Al E o] &3 ASS S
AY, 2 km ST AEEC ddlM e HAAY AFAUS o] g5te] HFslSw, POD
0.6, FAR & 0.61 °]3i3, ¥ 3x3 AL E AFEste] AS5PS u, POD & 0.82, FAR
0.68 9] #& Hdth 183 500 m G E AHEES HIAL L, POD 0.48, FAR 0.63, F#
3x3 #17dstadddl, POD 0.75, FAR 0.72 #= 7Hglh A7 Al = fA493xs
o] &3 wol th=A FH 3x3 A E ol&ste] AT w= AAA #ol 1 km mREOR
SAZE LAYE w, 9 7 Ak F ShUEE AR BA e eHE & EX% How Ao,
AZA #ol 1 km o] o ® N7F WA ks o, shbetE AR Zx XIS AT
HNE EASHA EIR o Aot olo wEl, AlFAIL HdAZ A Sl AR E
o] g3te] A3 ARt £ 3x3 A AE ol ASYS W, EA&S 55k POD #ol
o A YeElgY, €& FARE ¢ 2 #g 7Hth

o
forr W = KUl

Table 3. 4. Validation results with ground observed visibility data according the validation

area for 21 fog cases.

Products POD FAR
resolution HA g S 3x3 A S 3x3
2 km 0.60 0.82 0.61 0.68
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500 m 0.48 0.75 0.63 0.72
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4. @FLF Al LHAME
4.1 FAAAL LHANE

2.4 BelA WAl Hhel 2ol Qb BAG] AEHE FASE g Dwa] wie] Sue 55
2 aE AT gtk oiek, ol B oA 8709 AMI Y A&, CSRY 2 HEXAR, ¥
A e B4 Am 283 tFE A(~ 3099 ARES BFHOR AlgsE FAoA Hjde
To] & A v Fart ok

Mo A%, R 8 ANl A 92 % Ade] met k@ wwt ohe
HEe e F B4 AR BYAY I 2 oUW 54 neste] B ATl A

Ze F/iBN/ek 0 SA/Mek whet A A, AAg 2en
$ Basith o ) A5 Bkl AgHE AR A
AN ) BAAE D AERA AR 5L BLE o
CSR3 o] #ARW A=, S 918 A4 CALIPSO 42 5 we A4zSe] Ao
web] ALY oleld ARES AN F4 o 5 melstolof wut.

4.3 F4 F7F W A

N A daglE AFH Fes Frhstr] dsiAE 717 e AAA A= CALIPSO9)
VFM (Vertical Feature Mask) A5E o]&3ato] 7|21 H717t F3fojof gttt o] Aol A
Sl Aol wE b B FFERE ofuE Qb B2 Al - F3HE A& g FAE
ol H77t FaE oo div, olE y|Wtow duFe FHAIE sojof & Floju, I
GK2A/AMI A7} o] &7Fs & w, /W) AF&EE 3 pseudo—RGB (Red, Green, Blue) 373
o] A|Z}A 9l Hlw sk Fdw ojof s}

N

ol Bz dyal=l A DEar] Ao RE QY 89 BE AR A ojiel EA

3 e B4 AR S AME B Afolls el gRXE FHsAT B
MY T HEAEES AHE £ ol 29, dugEe g AYE B Bnx A5 #d
B e dae]Ee GK2A/AMI AHE3 Bz 89 3
E 28 A4t

o4 i BN o

=2
2
2,
o
o
o
2
ol

pus

AAAE Qo RE AWNAYRE
T AEAY dete) wet ¥ A3 g
ESt FE oo Frt,
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5. 718 & A%

5.1 A%

S BHx daglEe A FolE MAFE(0.64 m) 2l %A DB(Data Base)ol 98 W
oty F/okF FEO 7 Q9 FFES TESE U AMEEHE CSRY AR E B JeS
W=tk et SA)/mieh FEA R, Adbys, JHAER] A3 5 gl AR5 F4d 9IS
Hh=t) wEbA] o] AR Eo] FTEI FFE ¥ SAE/AS FUIR ArIFor AAEE A

N FA el AMI 1670 AE F 8709 AG ARS AHEs] WRel AMIS Aol W F
Qe 53], A7l WS FAA @Aakolw Al - A WEAHC] A7) wFe] uulAol A At
&g o8 2xold

S4F Qe Age) RS Wol Worw GIS ANE olgate] FAAA AT BAGL %
A DAY PUS YmE Wers wAT Aotk Telx At B A A A ARE
olgstel AT dueEE AASE Lol
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