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Fig. 1. Occurrence of total maritime accidents and marine accidents according
to low visibility over the past seven years (2013—2019).
#* 2013 : The number of ships accidents (ships)

2014—2019 : The number of accidents (cases)
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_?ﬁ
ol
ol
rir
Sy
lo
o
x
o

}1'

‘
of\i

H
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o,

3

rob

&S v x]7] wjEdl(Kamila and Borkowski, 2020), 7]% A gkl 75%
9] Train set®} 25%9] Test set® w3 5, Train set® E2S 531500
2ol A5 Test setZ ARFsEE T T 59 Bl AFAHS FATks)
7 98 w5 (Cross—validation) S 33t o, o]o AL&3 WH
K-Fold wxpf@Folt}. o], deoly AHEE 5719 subset® Wro] 1709 test
part®} 4709 train part® FE3to] =AW E test partE WHESH HFSHaL, vl

Aeh 7h parte] Witgte vl vpARre R 20199 4, o5dE H /)R

Avte AEARR Aste] ARRAS 3t X ArelA AREE A 7
A A 2o g jEAns 2 AFARE Table 19 AlAI5FA

Table 1. Input and verification data for three statistical models.

Input data Verification data
Spring Summer Spring Summer
- 2013~2017 2013~2017

Decision tree .

Spring Summer

2019 2019
Tree models .
Spring Summer
2013~2017

Random Forest
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222 71324

AT ARy bsd S8 U@ 34K BA md Az 7]
AuE A3t ge BEH] A3 AFEE PFaAch AEE /1PLES WRF

(Advanced Research Weather Research and Forecasting) version 3.6°]t}.
WRF 292 A+ 3 32 714 d55 98 249 di7] 2d"] Al=fo=
1990 o FRko] Aol o] Ffrste AlA®E FESEAL AT A 7]
T+ A1E] (National Center for
Atmospheric Research, NCAR)®} =937 o= A1H (National Centers for
Environmental Prediction, NCEP)Z %8 7o) Al &% ¢lom thokdt Folo] &
€531 ¢)vH(Skamarock et al., 2019).

WRFE 337 93] Zast 72490 742 dAg 48459 WPS
(WRF Preprocessing System) Z43 2@ F8ojt}, WPS A2 3dA=Z
AEol ded, 9A Ed g9 A4 2 A A5 AHe fEl GEOGRID @A
E A 2 H, grib FEE TAE ABHARE WPSH AHEE F EE
M3 == UNGRIBE Fd3t} thgoz HAAHE Ao utA 7| dAas 3
WAatstE METGRID ©@Alo]th o]i= UNGRIBE 7]7%4s GEOGRIDAIA 4
g Az AAC WAk Ao, AFH B 74 Fdst= Aol
WPS 4o £ & AAd¥ METGRID Output AHRE o] 83t =74 2 4|
e AAds7] 913 REAL 9AE 38tk npx9 o2 REALS S 44"
27174 2 v WRFEFAA AAdE (55 3 A&t AASE AL
Gt 71 AHE ZsA @tHWRF-ARW V3. User's Guide, 2015;
NIMR, 2014; Park, 2020). ¢]21¢ WRF =93 Al~€lo] =28 % Fig. 4.9 4

2
B\
olr
5
ftlo
)
[
rlr
Py
ftlo
fo
=5
fr
H
o
)
N
re

¥

ON
ftlo

2 Aol AFEE WREF 29l 7] 2 AAZAE NCEPA Alsste @l
Fr I'XTE 7= 6A12F 2849 FNL dAAF A&A A5E AFESE T A
g Aa+e ALY ERE AFE = Shuttle Radar Topography Mission (SRTM) 3
Z ARE ARSI o, EX & Anes 24709 JtEladR EREal s
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United States Geological Survey (USGS)e] 3% A &Z AL&3Fdu). &gk 4w

o] uirtE o]FojW SEyetE 2ASA FAAE SX BSe dlE &g 3=
o we FMe sHER BHAR 27 279 @AY oHs EAFT
(Hwang et al., 2011). w2}, SST 5= G5 7| dA wWid A AF+& o

Aoz AAEE A=y rd 22852 e BEXxE ¢l Operational Sea
surface Temperature and sea Ice Analysis (OSTIA)ZS AF&3S
(https://www.ncei.noaa.gov/data/oceans/ghrsst/L4/GLO B/UKMO/OSTIA/).

= el 27km, 9km, 3km, 3kme] 7 SHEE VA= F AN =<
o g s, A7 ddEE 305t AT A =Eded sigst= D031,
D03-2% 77} 3km 31 EE 7HAW, D03-12 AslEE, FalAF, ATEE

ke

l-M

gtetal, DO3-2% FalFE-E ¥dste Jd9oz HAAsYu(Fig. 5). AHdld A4
7L IS AEHANA AlFs= H 7] ek A (Communication, Ocean and
Meteorological, COMS) 139 AR T T@adefady gefajde] e
Aol = Atz E = A ®BA ARE FFaste](Fig. 6), A7717H2013~2017d)%

o b A Ame 2017d F ARk FuE A el A Y wel WAy

A9 ot7] f18l A2l =9 ABS 8=, ¥MA, Best o Rs
YSU(YonSei University) AAS X3 Wets A&t il(Hong and Pan,
1996), A< AFs7] 9dl Kain-Fritcshe] A& tiF 2438 Wets A8t
t}(Kain and Fritsch, 1993). %3k X% &5 X 437] ¢l += 5-layer thermal
diffusion schemes Alg3dt o, A Zuel Ax =7]¢l 27~3km ZAAF 5
o ajAt=e wEk FE 2 Meso-scaled #¥3 Single Moment 3-class
schemeS AF&3tHtH(Hong et al, 2004). o]l A18%d =834 2 =yl &
A A B = Table 20 Al A8}
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External WRFE
Pre-Processing WRF ARW Model Visualization
Data Source Svatem
s / N
Ideal 3D Ideal
Supercell 2D hill
Ideal 2D Ideal
Squall line 2D grav
Ideal \ A |
WRF Baroclinic
Terrestrial Waves
Data | ARW MODEL
WPS
WRF-Var
Output
\ 7 p:
Gridded Data: /
4
NAM, GFS, RUC, \
NNRP, Real Data NCAR
AGRMET(soil) Initialization RIP4 Graphics NCL
ARWpost
(GrADS / Vis5D)

Fig. 4. Flow chart of the WRF modeling system (WRF-ARW V3: User’s

Guide, 2015).

Table 2. Details of the grids and physical options used in the WRF model.

Domains D1 D2 D3 D4
Cells in x-direction 153 160 91 100
Cells in y-direction 124 157 100 76
Vertical layers 30
Horizontal resolution 27 9 3 3
Map projection Lambert Confromal
Microphysics WM WDM 6-class
3-class
Cumulus

Radiation (long/short wave)
Planetary Boundary layer
Surface layer
Land Surface

Kain-Fritsch scheme for D1, D2

Dudhia
YSU scheme

Monin-Obukhov

S-layer thermal diffusion
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Fig. 5. Model domains for (a) 27km, (b) 9km, (c) and (d) 3km.
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Fig. 6. The fog satellite image around the Korean Peninsula provided by the
Korea National Meteorological Satellite Center (https://nmsc.kma.go.kr/homepa
ge/html/satellite/viewer/selectSatViewer.do?dataType=operSat) at (a) 23:45
UTC 2017.07.04., (b) 17:45 UTC 2017.07.11., (c) 21:15 UTC 2017.07.18., (d)
21:15 UTC 2017.07.29 (NMSC, 2017).
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223718249 A5F3

SR ne Juw e g8 A5A 2 B AN, nAPE FA e
3 wAso] $rhSeo et al, 2015). AT, oA u oAt EA45

(Data Assimilation) o2 FAHE drRE A& 5 dvilorenz, 1963;
Desroziers and Ivanov, 2011). wWehA 2 AFoA e 3x3d WHEAE53H<
3DVAR (Three-Dimensional Variational Analysis)E #-&3to] o A &3k 7|4+
2d AxaE =FstaA g9t 3DVARE NCAR/UCAReN Al 7ldst 2553}
Al2=g¢el  WRFDAE ol&stien, #ALS Fig. 7% o] ofFoxin
(WRF-ARW V3: User’s Guide, 2015). A5 3t REAL #g o= wsoxl %=
1% R AAZRASE B5 2 2AAEQ OBSPROCH w4 234 F&A4HS o] 83}

o] A} o]7]4 OBSPROCS LITTLE_R ¥wWo] #=A8 2 9 A A3

7= eAbE omlEte Wi oA i |
Meteorological Center) WH o= w7

and Derber, 1992), 1714 NMC W& 7]584 wjdex 3&4bs 2ddgds)
7] flel AEAREs Ala"o A A5 AbgetE B oltH(Wang et al, 2013).
OBSPROCS A4d3at7] #lalA 7€ 3 =3t PREBUFR ¥%¢] NCEP ADP
Global Upper Air and Surface Weather Observations A5 E LITTLE_R >
S W ¥ ARt FrrHoR oxE Fo]7] 913 Cycling S A&

ShSAth. 48AI%F & <qF 2441%% RS Aiteta, AitE 2

0

N,

=
i
o
fr
Mo
1%
o
)

1o Abgete] Wi or & 3 d3ke] o wBAgds Atslvh(Fig.

i
ol
o
[l
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Background

Preprocessing
(WPS, real)
Warm-start
Back 1
Cold-Start Update Low B(| A glmllm X f
Background (UPDATE_BC)
Ob i
I're;:';z:ss‘i}:g WREDA Update Lateral BC| |  Forecast
(OBSPROC) (UPDATE_BC) (WRF)
The following data are not processed by OBSPROC:
* Radar, Precipitation data in ASCII format
(require separate pre-processing)
= Conventional obs in PREPBUFR format
- Radiance. GPSRO in BUFR format
Background
Error B[)
(gen_be)
Fig 7. WRFDA in the WRF modeling system.
Analysis Forecast
| . | .
L L
First ® >
-24h 00h 24h
i
1
v Analysis Forecast
> >
Second o >
-24h 00h 24h
1
1
v

Fig 8. The flow chart of cycling mode for 3DVAR simulation.
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31 a9y AFeAA 54 B4

311 9 F2 JF7NE 54

—

AT713H2013~2017d) & FHtE A sfol] AA AEE S F)da A
SST, WS, WD) Al-&3t4 SAS Ha-E4edth(Fig. 9, Table 3). tiH

oA 72 % SSTe MafjsHolA 7Hg wskar, AFdEioA 7 =34

Hm

AA :
FTEHE FElAFel A Hg vioka Aldwith Z4] e Slgel A s 2
om, T we AR wlg vpger Fdo] dEhdth Zb s gt ahntt
sl Ad wgtE A BH, WA 7120 A9 4AE B AF Rl F
i, Ass oA HAAZE FRiekA vebva defA R dal s, Aot
3 TR AdE 2% WTE vtk SSTO Af Hi 2Ee VR
W frAbe Al 4AE B ARl A b e ghe BAARE HA 2xe] A
S By g sgol velytth s EW, B3 ALods Aol A
% 6.7~79 7Hg sistod, A5 kel Meldel A oF 185~200T =
7HE vttt ol o5 H AdEldE dl9gel 20T o]ske] vr& SSTE H+= S
At R A 93 gFor FAHET(Yoon et al., 2007). AALEEZ HA =
Aol Mzt Malgdis oF 06~27C2 Bz 2 2o]Z wo|xqk
Aol T FogEalge oF 04~07CE 22 Aol ek w2 A
e Al F-gie st saAldFIE oF 200~205CE v =ekl i, @l
Aot Fal T et AlFEaal oA oF 225~228TC =2 H=d HHE BA
TES AAA oz ofFol 7 ket ALl 7 Ak 44 Bt T
AME Aol A oF 29~42m/sE FEo] 7HE BA UERoeH, Fole saldE
A SF 44m/s, AE T 7hEels HalE oA °F 38~45m/s, Aol AT

Fol A oF 56m/s= ol ol Ha FHo] et TS s 9 A
L

SR P wolAw, ol s FodRold H~RAE, g R 24
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30
N MYS
25 1 . SYS
o) WSS
s 20 s ESS
: ] = MES
g 15 1 - I 3 SES
& N ) |
— ]
< : “"
5 | H
NI || Al
Spring Summer Autumn  Winter
30
25
20
9
= 151 I
»n
210
5 | ‘ |‘
0 :

Spring Summer Autumn  Winter

WS (m/s)

Spring Summer Autumn  Winter

Fig. 9. Seasonal variations of marine meteorological elements (T, SST and

WS) in the coastal sea areas of the Korean Peninsula during 2013—2017.
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Table. 3. The dominant wind by the coastal sea areas during 2013—2017.

Spring

Summer

Autumn Winter
MYS N S~SW NW NNW
SYS N~NW S~SE N N
WSS NW~W ENE, SW NE~E NW
ESS NW, SW SW, NE NE NW
MES SW SW SW NW, SW
SES S~SW SW NW NW
NE~E,
SJI NW NW N
NW~W
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3.1.2 A HFEHA 71 54

AT E AT 7IZH2013~2017) EQF eyl A B sk dl o] 5

9o BAS] A T AL Fo, de ABR, Ba Fog

5, A

2 N
ple

-

el ek sl d e 5SS val-Z4 8 Figs. 1039 112 2h7}

|3k s sy W= (A7h ek dAs Aol el dd W=(AZh)

N

il
v
o

doh dAA e 2E o, T sl F AsldRelA F 4059A 3w b Y

Hr

= NEE Below, gFor FaFiolr 1927413, AslE oA 10584 7Fe.
2 gol TAsY. ¢, FaEFe A5 & e Aol F 124w
g Ho] EA A ATt ol FaAM F FEAHFFAAAA e HY
S vl A2 <) #A WEE 1<l Heo and Ha (2004)2] A+ ZAzpe} U
=, m(3~549)3 5 (6~84)
Aol oF 70.8~100%= 7Fg Wol WAL 53], d sfjFolA 7dol 7HF =
Axel o2 FHKim, 1993; Won et
al., 2000; Seo et al., 2003; Heo and Ha, 2004; Leem et al., 2005; Lee et al.,
2010; Heo et al., 2010; Lee and Ahn, 2013; Park et al., 2020) ¥+, 7}S(9~11
4), Ag02~29)ddl= oF 30% vz &3] e WRE Bisd, oe
Lee et al. (2010)el 9]t 1987 ~2006d7F Aets|d o] o= F2 B o532
of WSt 71509~11€), A&(12~29)H o= At AR}
ol WAsty] wjZoln. L3 AFEH] FF ThE, AHE d4HME
of Az s 5 Aol Erbeste] ZAdA Alelstdth wEk 2
TolM = 670 A (M FoEH, JEl A-E, sl AlFE el st

7R A 2R Add E~oE5de e R R RS W sef
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v
e
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0%,
z
N
ftlo
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Fig. 10. Occurrence of Sea fog by the coastal sea areas of Korean Peninsula during 2013—2017.
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Fig. 11. Monthly frequency of sea fog occurrence in the Korean Peninsula during 2013—2017.
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BoAfo s A7]7H2013~2017d) Hot siF7F 7 Wol whAdd A4
ol B ojEHo] da] YA A(WS, T, SST, Td, T-SST, T-Td, RH)2| #
A B ) I SR AAA] FE S Y Al al- 24 8k i vk, Figs. 12
o 132 747} w3 ofF el s s da (T, SST, Td, T-SST, T-Td,
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2 wolth TR J1ee AsFRelA B oF 94T A s, AT
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= UEdH ool =
NEE F5E F AE V1382 FF(T-Td)=(Leem et al, 2005), & 3
ol A Al Gyt SR RS w shkoen oF 361~769T Aol7t
Ebuteh e, S AAl FFE oF -039~214T9 WM9E Byon A F
G, FalE ek AFEEE oF 039~042TCR wj$ ZE Ao]E Holi, e

o FAT e oF 148~214T= thE ool vis o 1Tl ] Aol& R’
ATk o W, 557 S(0)e ghol HEhs ol 7123 Td #5AE7E Ao
A= ASOS ¥ Buoy #5 A3e] zolel o Aoz, & Ao o I
37 RS Ae® ket dv]l § o] dHE 4 7 e 2a

o AL ERE wRIHE A4 PR o

o84 7|3 SST BF ANaflTiHs A3 e fdols AA Fd 71
9 SST7F s §-7F 2AgS w By 27 ofF 0.28~2.70C, 0.55~3.02C 7F% v
A vebstth AalEie 7o) oF 3027, SSTE ¢ 273C=E A4 Hiol
3 STl 2=V O s w st dAs sk 53] Msidiet dallE
A e ke SSTE ATk WA Aafdiel A9 o2 73 A MM
o] Jgko] o3 Rom AHHow Fgto] & o]Fojx 9}
AEsE sl ehg ARl 3 Apolo] AAWAA LAYS= 3
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off

, A Aol FAEH FHFRT oF 3T w2(9F
t(Jeong et al., 2009). ol thal F7} A A3 F
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BT} o 3~5C7bE st HWA, n2vsd 371eh v sfFrt B
HA}(Lee et al, 2009; Kim et al, 2015). webA F7HA o= EA43 A3 57
o534 W3t SST7F oF 19.1TCe|a a2 Al et SST7F o 161TCe|H, &%
o] AA|st= H]Eo] oF 415%= AyAFot dAst o, APl A LLA o
2 o2 ol 9 &0l dojut W2 SSTE Bl Aoz F4d.
oEH Tde g &% o7t A -3 da A s A ¢k 202~22.
6C= HszstAl Yebstal, AeidiE A9l e sl A datol Hls)
WAL Gt Td7F oF 093~4.39C 2 Eokom, Aagi-o A5 i FdAA

o

&2 w2 M FodRek del M-sFsgeld oF 361~4.25m/s%2
dm/s Heldew, i TS50l HA HyEu °oF 0.04~1.56m/s7H Sk
b v g s el AlFE el ol = 22 oF 6.75m/s, 5.52m/s® A Bt
of Bl&ll °F 046~1.20m/s 7t =1 EAT ol =A A 5SS drb4o

o=
A vhgo] Bul, 53 FAFEN(LEE) dAddA Bt dre oe a9
o

2

(¢

ol

R4

of Hla] wisko] va AehA Eols w ¥ FEo] ¥ oM (Seo et al, 2003),

7174(2003)°l of st s gol A A sk () B, oF T~8m/s7F 2 o
M= FEol S7hgel wet ZojHS Aeinh o FH o= AT,
A Eheh ARl A oF 267~389m/se] FHOE & w syt HAS L,
AA o] vE) s EAAAl FEo] oF 0.18~1.73m/s SEkth Aok 53
THE 44 °F 433m/s, 571m/s W dF7F EA S, A s tol Bl of
0.68~1.37Tm/s =Sk, ol BHI A AR BF A F o] AT =AM A9

o] JFF B FaTH adolA B o S o3 Ao AR H.
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FEEe BA A% AAGR} FAA RN FR B~ A Fo] Folgu, A
AN, deAEre BAENe TR G-dAE AFIEAAE AFo Fx
goig be

7FebH (Kim et al,, 2006), AlFda o] #5 A4 A
NA = F2 FA~AF ALY nvtgo] Eolg o 72 NE7E F7tetr] o
o7 FAATHHeo and Ha, 2004; Kim et al.,, 2015). o] &2 A As|E3
Gl s, salFRet ATl FE G-I ~AFT ALY vl B
AL, Asfig et daA el A= didEEel FElsHA vEw T o= 533 vt
A 2 AFERA G FFol FA~AFT AL o
7] "ol (Heo and Ha, 2004), B3 oEZ BF A=z G337
i AR Hol @t ietEd TUIVF vbeEEs Fd FYEe dv] T
T35717F F5E A2 AR ET(Kim et al., 2013).

A olRFe TN HEE HY, FITHE ALY BE A oF
7 S71F R °F 165~924% © @ol WA, 53] FaflEFolA o7
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Mg mAsg e, ot BE &
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6.2% % (5715 <F 3.85%) ™$- =

’

¢
ol
12 o

< SFTAA Fat | ZIA7E oF 202TC = P V] WEer FAE

o g R BE delA] ol R F71% W ok 11.1~100% EA 3

oM, AFFRAA ol FF WA vlgo] FAA 100%F BATh FalErel
A% A} R E ARRgA B H2147k oF 5I3CE 2 Jol§ B
/) WEoz F4HT
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Fig. 12. Comparison between seasonal mean value (sea fog+non sea fog) and
mean value of sea fog each marine meteorological elements (T, SST, Td,

T-Td, RH, T-SST) in spring by the coastal sea areas.
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Fig. 13. Same as Fig. 12. but for summer.
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=== Seasonal mean value
—— Mean value on sea fog

0 A
MYS SYS WSS ESS MES SJI MYS SYS WSS ESS MES SJI
Fig. 14. Comparison between seasonal mean value (sea fog+non sea fog) and

mean value of sea fog about wind speed in the coastal sea areas (a) spring

(b) summer.

Table 4. The dominant wind on sea fog in the coastal sea areas.

Mar Apr May Jun Jul Aug Spring  Summer
MWS N SSW S SW S S SSW SSW
SWS N N SSE SSE SSE SSE N SSE
SW SW,
WSS SSwW NwW SW SSE NW SSE
~W N
SSW SW,
ESS ENE S S E SE, S S
~SW NNE
MES SSW E SSW S SSW S SSW S
SJ WNW W W W WNW W W W
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Fig. 15. Occurrence on sea fog each advection fog and steam fog by the

coastal sea areas (a) spring (b) summer.
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Table 5. Comparison between seasonal mean value (sea fog+non sea fog) and mean value on sea fog each marine

meteorological elements (WS, T, SST, T-SST, Td, T-Td, RH) in the coastal sea areas.

WS T SST T-SST Td T-Td RH

a¥ b** a b a b a b a b a b a b

MYS 4.22 3.61 9.04 9.35 8.82 9.19 0.22 0.03 5.86 9.73 3.22 -0.39 85.3 95.3
SYS 4.29 4.25 10.9 11.3 10.4 10.8 0.41 0.46 7.06 11.2 3.87 0.09 82.8 96.3

WSS 5.54 3.98 13.1 14.4 13.9 13.7 -0.87 0.65 5.01 12.9 8.04 1.48 77.2 96.2

Spring
ESS 432 3.58 14.0 15.3 13.4 13.3 0.61 2.02 5.91 14.9 8.11 0.42 60.0 91.9
MES 5.55 6.75 12.2 13.3 13.1 13.3 -0.92 -0.04 3.21 11.2 9.00 2.14 74.4 92.7
SJI 5.07 5.52 14.6 16.8 15.8 16.1 -1.22 0.64 8.40 16.9 6.17 -0.18 70.6 98.4
MYS 451 4.33 19.8 22.8 20.1 22.8 -0.34 -0.04 17.5 21.9 1.73 0.92 86.1 94.2
SYS 3.21 3.89 20.7 20.0 19.7 18.9 0.99 1.06 21.3 21.0 -0.58 -1.08 93.0 96.7
WSS 4.30 3.35 23.0 22.0 22.5 20.9 0.50 1.11 19.9 21.9 3.12 0.09 89.8 96.1
Summer

ESS 4.10 2.67 23.9 21.2 19.1 16.1 4.81 5.13 20.1 21.0 3.86 0.24 78.8 94.3
MES 4.34 5.71 22.9 22.6 23.0 22.5 -0.10 0.18 18.1 20.2 4.80 2.47 85.6 93.2

SJI 472 299 240 222 206 190 334 3717 216 226 235 039 876 986

a* Seasonal mean value (sea fog+non sea fog), b** mean value on sea fog
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Table 6. Statistical evaluation of the meteorological elements between the observed and model-predicted values (for the
BASE and 3DVAR) at four monitoring sites in the southern part of the Yellow Sea and Middle of the East Sea in the

Korean Peninsula during July 2017 of the broad sea fog observed.

BASE 3DVAR
Site Variable I0A RMSE MBE I0A RMSE MBE
T 0.787 8.868 -1.256 0.787 8.865 -1.292
Wolya WS 0.764 5.162 5.093 0.840 2.529 1.893
RH 0.782 31.363 2.230 0.783 31.247 2.258
T 0.937 1.984 -1.244 0.937 1.968 -1.263
Muan WS 0.797 4.100 4.049 0.872 2.297 1.899
RH 0.842 9.35 0.645 0.912 9.571 -6.187
T 0.945 2.806 -1.750 0.946 2.787 -1.948
Wonduk WS 0.809 2.466 1.729 0.801 2.552 1.608
RH 0.942 11.479 -2.549 0.943 11.357 -2.211
T 0.936 3.147 -2.544 0.937 3.098 -2.528
Keumkangsong WS 0.778 3.923 3.940 0.776 4.015 3.774
RH 0.925 13.892 10.353 0.927 13.618 9.767

_38_



3.2.1 Decision treeE® &3 4=

H AFolA = AFEA TteA e dSetr] f8 TR BRI =2 df Y
= Ao, Aafdiet salT e oA b2t & 4059A1%F, 192743
Aot F fge THCRE s FE A AE & oAF5H] ds A

H &3tk Fig. 162 Mg sl w3 572y 7HsdS o
=3h7] #1824 g Decision tree®] X2 %=o|t}, Decision tree® 9% A&+
T717H2013~2017d) &<t &, AFH LAl 7 s Alghd
solH, o]F o] &sle] AtEH YARE(Fig. 3)< 7IHvto g Akt |MA ™
A5 Fi(M)=3EFH2HSD)7F Highly LikelyHL) 2 8l #2440 7Hs4 =8, &5
A HEF~M-SD, M+SD~#Higko] Likely(L)2 aiF24 7Hsd &4,
HL¥ L 2% %354 &5 49 NotN)o= LI
AlZFe]l WS, SST, T-SST, T-Td, RH 22 AXHY, zHd=
Heloll £3E A5 Yes'®, EEHA ES Al No'= 7H A4 HFHo=
Likely(3] F2A 7FsAd vl9- =2) 2 ‘Likely(3lF 24 7FeA A=

AEG F A S B AR A dFow AT £, 95 3

ftlo
2
2Lore

0!
;%
>
=
-
4
o

=
Q
=5
&

o

E=g AEsy] S8 20199 #, oFH A5 % V|G EA(WRF)S Aitgt

HA Aafdieaf o] el 24 F Decision treeZ 20199 & o] &2 A=3to
2 AFe A% (Fig. 17), &l HLe| ¢F 47.6%, Lo] ¢F 395%= & aF4 7}
TS °oF 87.0%°lew, HLO Hl&o] o =tk W, ofF<l HLol ©of
26.6%, Lol oF 578%= & sF2A 7154 AZFES of 844%= Lo H|&o]
o =gt FalFRelede A4S, Eo HLo| o 23.1%, Lo] ¢ 385%= & o=
B2 o 61.6%= Asdel vs] e dFES Hgon, oJFol= HLo <
0.9%, Lol 53.7%= & oAZE°] 546%°1dom, 7Hd e s Btk Mg
ol Hla] FalsHrt He S ES B

FHol F 560417, Fel T Hol & 2664w At oF

[40
M
rlo
(N
(@]
—_
©
L
ki
S

vl Aoz & F v F, siFEAel e 2390 dAFe AAsk] A%

RN AR REoT vha e FHEE B A0 ABHEL /YR

_39_



L(WRF) Z3gts 283 A2, AsidFoM of 60.7%, ssigHolr o
825%° dFE& HIUH. ol #FFH(2013~2017d &, oAFH)ol
A Ml O =2 dSFES EAW Ade vidEHe FEe B9 As

T A3t AR e ST

o
-
%0,
v
o,
do
rlr
=
=
-
Sl
e,
o,
9
=
rol
ol
)
iy
of

_40_



(a) START (b) START
Yy Ywssing[
0.9<WS<e6.1 No 6.1<WS<7.8 No 1.6 <WS<11.2 No 12<WS<12.8 o
Yes Yes Yes Yes
-34<T-Td <-1.5 -0.7<T-Td< 1.7
LSSTTd<14 1N Ay e tra<aa | N 17<TTd<3.6 3.6 <T-Td <4.0 ’
Yes Yes Yes Yes
7.3<SST <82 _ 10.0 <SST <10.9
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Yes Yes Yes Yes
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- . N = - R N
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Yes Yes Yes Yes
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|945RH5100| No |915RH<94 No 89 <RH <96 No 96 < RH < 100 No
Yes Yes Yes Yes
Highly Likely Likely Not Highly Likely Likely Not
(©) (d)
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95 < RH <99 o Vg crE<100|" N 91=RH =98 °os<ru<ioo| N
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Highly Likely Likely Not Highly Likely Likely Not

Fig. 16. Flow chart of decision tree fog the prediction of sea for occurring (a)
Southern part of the Yellow Sea in spring (b) Southern part of the Yellow

Sea in summer (c) Middle of the East Sea in spring (d)Middle of the East

Sea In summer.
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Fig. 17. Prediction accuracy of sea fog in Southern part of the Yellow Sea
and Middle of the East Sea using Decision tree (a) observated data (2019) (b)
weather model (WRF).
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Table 7. Correlation among marine weather factors on sea fog in Southern

part of the Yellow Sea and Middle of the East Sea.

(a)

Elements WS RH SST T-SST T-Td
WS 1.0000
RH -0.1402 1.0000
SST 0.0262 0.0340 1.0000

T-SST 0.2093 0.2130 -0.0437 1.0000

T-Td 0.1968 -0.0284 -0.2167 0.2967 1.0000

(b)

Elements WS RH SST T-SST T-Td
WS 1.0000
RH -0.1145 1.0000
SST 0.0437 -0.0208 1.0000

T-SST 0.2368 0.1810 -0.1102 1.0000

T-Td 0.1590 -0.0918 0.0007 0.3032 1.0000
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Table 7. (continued)

(c)
Elements WS RH SST T-SST T-Td
WS 1.0000
RH -0.1605 1.0000
SST 0.1270 -0.0352 1.0000
T-SST 0.2100 0.2310 -0.4547 1.0000
T-Td 0.2116 0.0522 0.0727 0.4212 1.0000
(d)
Elements WS RH SST T-SST T-Td
WS 1.0000
RH -0.2315 1.0000
SST -0.1278 -0.0055 1.0000
T-SST 0.1967 0.1329 0.0288 1.0000
T-Td 0.1807 -0.5520 0.2217 -0.2129 1.0000
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(a) (b)
T-Td T-Td
T-SST T-SST
SST SST
RH RH
WS WS
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Feature importance Feature importance
(©) (d)
T-Td T-Td
T-SST T-SST
SST SST
RH RH
WS WS
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Feature importance Feature importance

Fig. 18. Features importance among marine weather factors on sea fog (a)
Tree models in Southern part of the Yellow Sea (b) Tree models in Middle
of the East Sea (¢) Random Forest in Southern part of the Yellow Sea (d)
Random Forest in Middle of the East Sea.
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(a)

(b)

Fig. 19. Same as Fig. 17 but for Tree models.
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(a)

(b)

Fig. 20. Same as Fig. 17 bur for Random Forest.
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Table 8. Comparison of the verification of three statistical models (Decision
tree, Tree models, Random Forest) in the Southern part of the Yellow Sea

and Middle of the East Sea.

statistical o
verification data SWS MES
models
Spring 87.0% 01.6%
2019
Decisi
et“S“’n Summer 84.4% 54 6%
ree
WRF 00.7% 82.5%
Spring 93.5% 98.2%
2019
T
zeel Summer 61.0% 88.5%
models
WRF 45.3% 86.7%
Spring 93.3% 98.4%
2019
Random
Forest Summer 59.8% 89.2%
WRF 48.8% 88.9%

_50_



ftlo
M
1z
ol
ol
~
Ho
o
o
o2
~
ox
fo
[
Jm
o
ftlo
o
12
i3
fr
=
El
M
J>~
ol
R

lo

_EL
2
Ay
N
Y
X

Wt a, eom B FRA = 192747 o2 Wo| wrAsglon, Ax w
Bob ok 247%¢°] v &S AT A

°} s
, w(B3~59)3 AFH(E6~84)dl 7Hd Ho] LA o,

a7 7HE wol A ARl 1, AAFl tE] A FoE, "l AT
SalFR, AFGrade ddem g rle, SST, 712 Td, 55,
upgh)el sl sl EAA sl 54 9 dAA Her ) vlaste] £ Eh E
A T BE el tqiARE 7]&o] HA Hated HlE| #i, SST+ A
et om, s71xkE 7)) SSTHEU 9F -0.04~202T =]

oo BT g Hdd = 720l AA i v =g o SST WA 3
TR weka #7137 -0.04~5.13C Aol w sjFrF HAE 53] A
Aol 98] w2 SSTE Hola,
o F neThEd Ao Wl o4 o

o] 7
S o 3C e SSTE wyith IYBE ¥ Aol SST/h Re5s o

o

)

ofr
o
-1rt
=2,
>,
p
0
i
B
N
)
=
X,
ot
oX,
i
rlr
BN
1%
2

=

Td= 7123 FARE d”e] veston, =3 of 58 Al Batel sl 3

FagA R H Bgor, 45 T A BE oF 20 R Re Rl
gtk o]ty F FF7] JHE vehlE FUFE oF 9L9~986%E v



=

7R}
Hoﬂ/\‘] )=

A
B

JEREERS

A

2y ¢F 6.75m/s, 5.52m/s7},
AT A F2 g~

of Mafd-ok HFafA

&l

4.33m/s, 5.71m/s=

g}:
aofol wa) vhgko] o

of ¥/ theh}y] wEolth £EL B
Aol F2 GEADY uhol

A

=
=

s}
ol

HAE AL, Mot el s FEd ALl =olsith
i

=N
=

A

™

fvze)

-

Moo

i=]
R

=
T

2 A

=
h =)

Fck wetA

°

1 9 =A dvEsta, o

AL o] F-7F 100% Bl &= A

o F2 o]FRI}

(e}

}F Z+2; oF 46.1%, 49.2% % F7|% WA E

7

%
ok

4
ol
o
TR

2

Tree
75% 2]

AR 7F

=

=

1

k9
pul

bol oy

42
2]

¥ 2 £(2013~20174)

°

=

=

HHH (Decision  tree,
A

197k 43 ol

A5 )

AA, 2o 343 overfitting) A

I

A,
’

Random ForestZ A&

<

By
=

Kl
)

af

AR I

+71 9
Train set(grs5 Hlo]lH A E)9} 25%2] Test set(FHA} HlolE AE)Z

=

=

1

S
A%

]
)
=

1

By )

ko)
glo]g wlolyd 7|¥ F Tree models

models, Random Forest)S %83} %1t}
A %] 7] (pre-pruning) 7

(outlier) #| A

=
=

bk

%5

%3}9] Tree models ¥ Random ForestZ=

J 258

NI

A

oy
ZO

5

20194 5o

)
=

] 2do] s Test set

=l

el

o 928 Zo|7] 93 Cycling W

_52_

Hr}

-

R

F ok WRE

kS

I3



=

=

SST,

sl HolA 3l

Z1ZHT-SST) ¢t s =RH)7F oF 06129 0.643, 55(T-Td)2+ RH7} ¢F

=

< BASEe°| #H]3] 3DVAR
& %74 2 A (WS,
vl

o)k
e

79}

h

A HF A= (2013~20173) <]
T-SST, T-Td, RH)ZF ZF3##A (correlation) ol A A 8l -

A

o

o)

el
;OU
ToR
&

e

N

G
o
o

Wr

o

BE, A s o

=

=

(feature importance)

el

o

1
fx

-

Deicision tree® 7§ =

o))

)
=

89.2~

ok

=

88.5~98.2%,
5ol o s

-

R

B

S

Heon WRF

AL FalsH7F oF 825%%E ¢ EL AFES EYYh Tree models
ok

1

7_1

ze 7
o R EC R

ki3

A 9]

=

Hel AMafdol] H)3] Tree models’} °F 86.7%, Random Forest”}

Al BT Bl - o

=
=

84.4%, 87.0% % w3l H-o Hl&] ¢ =
Random Forest
984% =
8R9% =2 T FTHAA H
Z © & Decision tree

ok

=

=)

p—

°
o
0

o)
M

o)

o

o

el

)

f

o

, SST9

o] 1HH 7|

o HirtE o] FofA o} 7] =

A

b
A7 A 3

o
-+

B
H
B

I

_53_

e Fol A LSk sl ol o



o

T

o

A, d71%=

1

ox

Akl gk 7]

1l

ro

.AO

7]

Ar

&
{4
w

No
@

%

B

el

Ar

0

o}

il

_54_



o {7149 Ed, 2014, WRF-LES 75 % 37}

1908, @ W sjge] SRR 54, Advsta AAss =R

HES, AFA, 1999, dHlolElutold ejAbAA Y

61-86

u
lo
olo
ofo
o
X
Sh
1z
re
-
N
=

51719, &7 A, 2004, = gk ot

lo
i3
o
_E
re
r )
it
o\
r )
)
s
)
M
e
r

=7)23318] %], 40, 541-556.
A3, 2018 20189 A= IAL A

%

%

3 &7

723, 20190 20199 s 2 AL SAA

Bowman, M. J., W. E. Esaias, 1997, Oceanic fronts in coastal precess,
Springer—Verlag, 114.

Breiman, L., 2001, Random forests, Machine Learning, 45, 5-32.

Cho, Y. K, Kim, M. O.,, Kim, B. C., 2000, Sea Fog around the Korean
Peninsula, J. Appl. Meteor. Soc., 39, 2473-2479.

Choi, G. Y. 2018, Spatio-temporal Patterns and Long-term Trends of
Apparent Temperature in Jeju Island, Korea, Journal of the
Association of Korean Geographers, 7(1), 29-41

Choi, H., Kim, J. W. Takahashi, S. 1998, Three-dimensional numerical

prediction of fog formation over coastal complex terrain, J. Korean

_55_



Meteorol. Soc., 34, 319-335.

Choi, H., Speer, M. S., 2006, The influence of synoptic-mesoscale winds and
sea surface temperature distribution on fog formation near the Korean
western peninsula, Meteorol. Appl., 13(4), 347-360.

Desroziers, G., Ivanov, S., 2001, Diagnosis and adaptive tuning of observation
error parameters in a variational assimilation, Quarterly Journal of the
Royal Meteorological Society, 127(574), 1433-1452.

George, Joseph, J., 1951, Fog, Compendium of meteorology., American
Meteorological Society, Bostonm, MA, 1179-1189.

Heo, K. Y., Ha, K. J., Mahrt, L., Shim, J. S., 2010, Comparison of advection
and steam fogs: From direct observation over the sea, Atmospheric
research, 98(2-4), 426-437.

Hong, Song-You, Hua-Lu Pan. 1996, Nonlocal Boundary Layer Vertical
Diffusion in a Medium-Range Forecast Model. Mon. Wea. Rev., 124,
2322-2339.

Hong, Song - You, Jimy Dudhia, and Shu-Hua Chen., 2004, A revised
approach to ice microphysical processes for the bulk parameterization
of clouds and precipitation. Mon. Wea. Rev., 132, 103 - 120.

Hwang, Y. J, Ha, J. C., Kim, Y. H, Kim, K. H., Jeon, E. H., Chang, D. E,,
2011, Observing System Experiments Using KLAPS and 3DVAR for
the Upper—Air Observations over the South and West sea during
Probex-2009, J. Korean Meteorol. Soc., 21(1), 1-16.

Jeong, H. D., Kwoun, C. H, Kim, S. W., Cho, K. D.,, 2009, Fluctuation of
Tidal Front and Expansion of Cold Water Region in the Southwestern
Sea of Korea, Journal of the Korean Society of Marine Environment
& Safety, 15(4), 289-296.

Jhun. J. G.,, Lee. E. ], Ryu. S. A, Yoo, S. H., 1998, Characteristics of
Regional Fog Occurrence and Its Relation to Concentration of Air

Pollutants in South Korea, J. Korean Meteorol. Soc., 34, 486-496.

_56_



Kain, J. S. and J. M. Fritsch., 1993, Convective parameterization for mesoscale
models; The kain-Fritsch scheme. The representation of cumulus
convection in numerical models, Meteor Monogr, American
Meteorological Society, 24, 165-170.

Kamila. Pawlusezek-Filipiak and Andrzej Borkowski, 2020, On the Importance
of Train—-Test Split Ratio of Datasets in Automatic Landslide
Detection by Supervised Classification, Remote sensing, 12(18), 3054.

Kim, D. Y. Lee, S. D, Kim, J. Y., Woo, J. T.,, Oh, J. H, 2006, Study on
Characteristics of Fog in the Coastal Area of Mokpo, Journal of
Environmental Sciences, 15(7), 623-634.

Kim, J. S, Kim, J. H, Park, S. H., Kim, Y. C., 2013, The Study of
Characteristics of Korea Fog and Forecast Guidance, Journal of the
Korean Society for Aviation and Aeronautics, 21(1), 68-73.

Kim, K. J, Park, S. Y., Ko, J. M,, Kim, Y. T,, Kim, M. H.,, 2015, Cause of
Rapid Decline in Sea Surface Temperature Near the Southeast Coast
of Korea in Summer 2014, Korean Journal of Hydrography, 4(1),
45-52.

Kim, Y. T., Han, C. K., Kim, K. J.,, Kim, H. K., Kim, Y. N,, 2017, Preliminary
Investigation of Oceanographic and Meteorological Conditions before
and after Sea Fog Formation around Busan Harbor, Korean Journal of
Hydrography, 6(2), 43-50.

Korea Meteorological Administration (KMA), 2010, http://www.kma.go.kr/abou
tkma/biz/observation07.jsp

Lee, E. B, Yun, J. H, Chung, S. T., 2012, A study on the development of the
response resource model of hazardous and noxious substances based
on the risks of marine accidents in Korea, Journal of Navigation and
Port Research, 36(10), 857-864.

Lee, H. D., Ahn, J. B, 2013, Study on Classification of Fog Type based on

Its Generation Mechanism and Fog Predictability Using Empirical

_57_



Method, Atmospheric. Korean Meteorological Society, 23(1), 103-112.

Lee, H W., Lee, D. G, Lee, T. Y., Kim, Y. K, Won, G. M., Han, H. W,
1998, A Numerical Simulation for Flow Current in Coastal Urban
Area, Asia-Pacific J. Atmos. Sci., 34(1), 75-86.

Lee, H W, Ji, H. E.,, Lee, S. H,, 2009, A Study of Interrelationships between
the Effect of the Upwelling Cold Water and Sea Breeze in the
Southeastern Coast of the Korean Peninsula, Journal of Korean
Society for Atmospheric Environment, 25(6), 481-492.

Lee, Y. H,, Lee, J. S., Park, S. K., Chang, D. E., Lee, H. S., 2010, Temporal
and spatial characteristics of fog occurrence over the Korean
Peninsula, Journal of Geophysical Research. Atmospheres, 115(D14).

Leem, H. H. Lee, H W. Lee, S. H. 2005 The Analysis of the
Characteristics of the Fog Generated at the Incheon Intl Airport,
Asia-Pacific J. Atmos. Sci., 41(6), 1111-1123.

Leipper, D. F., 1994, Fog on the U.S. west coast: A review, Bulletic of the
Amer. Meteor. Soc., 75(2), 229-240.

Lindner, B. L., Mohlin, P. J., Caulder, A. C., Neuhauser, A., 2018, Development
and Testing of a Decision Tree for the Forecasting of Sea Fog Along
the Georgia and South Carolina Coast, J. Operational Meteor., 6(5),
47-58.

Lorenz, E. N., 1963, Deterministic nonperiodic flow, Journal of the atmospheric
sciences, 20(2), 130-141.

Moon, J. H., Hirose, N., Yoon, J. H., 2009, Comparison of wind and tidal
contributions to seasonal circulation of the Yellow Sea, Journal of
Geophysical Research: Oceans, 114(C8).

Park, M. O. Lee, Y. W, Ahn, J. B, Kim, S. S, Lee, S. M., 2017,
Spatiotemporal Distribution Characteristics of Temperature and Salinity
in the Coastal Area of Korea in 2015, Journal of the Korean Society

for Marine Environment & Energy, 20(4), 226-239.

_58_



Park, S. H.,, Song. S. K., Park, H. S., 2020, Temporal and Spatial Variations
of Marine Meteorological Elements and Characteristics of Sea Fog
Occurrence in Korean Coastal Waters during 2013-2017, Journal of
Environmental Science International, 29(3), 257-272.

Parrish, D. F., Derber, J. C., 1992, The National Meteorological Center’'s
spectral statistical-interpolation analysis system. Monthly Weather
Review, 120(8), 1747-1763.

Ramon, D. U.,, Sara, A. A. 2006, Gene selection and classification of
microarray data using random forest, BMC Bioinformatics, 7(1), 3.

Seo, B. K, Byon, J. Y, Lim, Y. J., Choi, B. C.,, 2015, Evaluation of Surface
Wind Forecast over the Gangwon Province using the Mesoscale WRF
Model, Journal of the Korean Earth Science Society, 36(2), 158-170.

Seo, J. W, Oh, H. J., Ahn, J. B, Youn, Y. H., 2003, A study on Prediction
System of Sea Fogs in the East Sea, Journal of the Korean Society
of Oceanography, 8(2), 121-131.

Skamarock, W. C., Klemp, J. B., Dudhla, J. Y., Gill, D. O., Liu, Z., Berner, J.,
Wang, W., Powers, J. G., Duda, M. G., Barker, D. M., Huang, X. Y.,
2019, A Description of the Advanced Research WRF Model version 4,
National Center for Atmospheric Research, www.ucar.edu.

Wang, H., Huang, X. Y., Sun, J., Xu, D., Fan, S., Zhong, J., Zhang, M., 2013,
Background Error Modeling for WRF-Var using the NMC method,
Journal of Applied Mathematics and Computing.

Won, D. J., Kim, S. Y., Kim, K. E., Min, K. D., 2000, Analysis of
Meteorological and Oceanographic Characteristics on the Sea Fog over
the Yellow Sea, Asia—Pacific J. Atmos. Sci., 36(6), 631-642.

WRF-ARW V3: User’s Guide, 2015

Yoon, Y. H., Park, J. S, Park, Y. G., Noh, I. H., 2007, Marine environment
and the distribution of phytoplankton community in the southwestern sea of
Korea in summer 2005, J. Korean Soc. Mar. Environ. Energy, 10(3), 155-166.

_59_



A study on the construction of sea fog observation and
prediction guidance in the coastal sea areas of the

Korean Peninsula

So-Hee Park

Faculty of Earth and Marine Convergence, Earth and
Marine science, Graduate School, Jeju National University,

Jeju, Korea

Abstract

This study compared the characteristics of marine meteorological
elements(T, SST, T-SST, Td, T-Td, WS, WD) by the coastal sea areas of
South Korea when the sea fog occurred using hourly data observed at
Automated Synoptic Observing System (ASOS) (7 sites), marine
meteorological buoys (4 sites), Automatic Weather System on lighthouse
(lighthouse AWS) (2 sites) during 2013~2017.

It occurred generally the most in the southern part of the Yellow Sea,

secondly Middle of the East Sea. It also occurred the most in summer out of
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all seasons (spring ~winter), especially in July. The Southern part of the East
Sea was excluded because there was very little time sea fog (14 hours). In
the event of a sea fog, the spring temperature and SST showed the highest
and lowest temperatures, and most sea fog events showed a value of positive
(+) (excluding the Middle of the Yellow Sea), and there were mostly
advection fog (excluding the Middle of the East Sea). Td, T-Td, RH were
higher than the seasonal average in all the coastal sea areas, because
sufficient water vapor was supplied in the atmosphere. In the summer, T and
SST showed various changes and T-SST was similar or larger than the
seasonal average. In the summer, air temperature and SST showed various
changes, and the thawing car was similar to or larger than the seasonal
average. Thus there has been an advection fog in all the coastal sea areas.
Most of the dominant wind direction was south~south west series in the
event of a sea fog, and the wind speed was weak in Middle and Southern
part of the Yellow Sea, western and eastern part of the South Sea, whereas
strong in the Middle of the East Sea and Southern part of the Jeju Island.
This study predicted the possibility of the sea fog by applying statistical
techniques such as Decision tree, Tree models, and Random Forest to the
Southern part of the Yellow Sea and Middle of the East Sea, where the sea
fog most frequently occurred. And it was verified using the 2019 year
observation data and WRF (weather research and forecasting) model. As a
result, the prediction accuracy of the observation data (2019) was higher than
in Southern part of the Yellow sea in the case of Decision tree. In the case
of Tree models and Random Forest, it was generally high except for the

summer in the Southern part of the Yellow Sea. Verification using WREF.
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