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Fig. 1. The nested model domains used in this study for coupled
atmosphere-ocean model (WRF and ROMS) simulations and the geographical
locations of four buoy and six tide stations for SST and six monitoring sites

for meteorological variables.
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AA A=, WA v AE 38 (Microphysics)] 7-¢- D14+
Single-Moment 3-class, Hong et al., 2004), U™ =] = <l(D

WSM3 (WRF
2~D4)s 4= WDM6
(WRF Double-Moment 6-class, Lim et al, 2010)< & &3}% 1, A3 9 GasE
ARl Epdhs 7
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st

Z}7k RRTM (Rapid Radiatvie Transfer Model, Mlawer et al.,
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Table 1. Details of the grids and physical options used in the coupled

atmosphere-ocean model

[A] WRF
Domains Domain 1 Domain 2 Domain 3 Domain 4
Horizontal grid 120x120 120x117 102x108 135x147
Horizontal resolution (km) 27 km 9 km 3 km 1 km
Vertical layers 30 layers
WSM 3 WDM 6 for D2-D4
Microphysics

Short wave radiation
Long wave radiation
Planetary Boundary layer
Land surface

Meteorological data

(Hong et al., 2004) (Lim and Hong, 2010)
Dudhia (Dudhia, 1989)

Rapid radiative transfer model (RRTM) (Mlawer et al., 1997)
YSU (Hong and Pan, 1996)

Noah Land Surface Model (NLSM) (Dudhia, 1996)

NCEP GDAS/FNL 0.25 Degree Global Analyses and Forecast data

[B] ROMS
Domains Domain 1 Domain 2
Horizontal grid 186x206 123x114
Horizontal resolution (km) 9 km 3 km

Vertical layers
Vertical mixing Parameterization
Initical condition of model

Tidal data

20 layers
Generic Length-Scale mixing
Global Hybrid Coordinate Ocean Model (HY COM)

TPXO 7

_’IO_
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2 ATl AHEH WRF AEF3F 7| o=Z+= NCAR/UCAR (National
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A gt 271845 MAdsAtH(Routray et al., 2010). WRFDA Al 2=®l 552 Fig
49} #Zom, #oly, GPS &3 Z& e AFARE 3L + U WRF
REAL #do=z AAHE =x7|=1dE3 OBSPROC (A=t 24},
Background Error (M7 2zt FEANES F3 A EF33TE. OBSPROCS
o3E B9
WRFDAIA A 4= Ql= @5 25 FHE tHE7 ft. OBSPROC= A4

LITTLE_R =Z9°] ez, Hostx ¥ #52 AAstay &

Jm

sl7] Y8 A AHElY (2019 3€ 17Y)o PREPBUFR X7 &Ej2] ADP Global
Upper Air and Surface Weather Observations At5& LITTLE R e W33}
of ARgsith wid exks Edo] JHAl= A& 2u|skal, NMC (National
Meteorological Center) WHOoE H|Z A FEAHS A4 STH(Parrish and
Derber, 1992).

F7HH o2 AT AHEE HFEE ROMSY AHE3 7O EF Courtier
et al. (1994)7} A|QHE 4719 W57 2 5 5H(ROMSADVAR) 71'S 28314 3
FEd 27145 MR (Moore et al, 2011). 4eDVARE 24}



AP I AFS k7] As) Bel Be0tE Agstel mAo Azt utE o E
Aot ol gt AT oAt Ak AP BZ AN VSRS FRIY

(Janekovic et al, 2013). #= 33 2 gk ko] H] &34 (cost function)E 4

stale] BAstE 3DVARYE 2], ADVARE A7 742 Yo A5t 3=
E5 185 Agkelr] W el AlZte] AHKAZAE e ¢ Jda, osted
2 e HEE He] AE F7] wjEo AR ATl AAETgy EEA

I1]-(Edwar et al.,, 2015).

3t& A (Yoon et al, 2019), °]# 7 WH AIEAES FPst= HA
A EAsks Zdzbe] 278 ARl 27 =24 2@ el dojuAl H
3, AFRgA E8HA Aol E initialzation shock”} €&  ATHSmith et

al., 2015). ¢HEslA] ¢3S ol W] H ¥ 21E& THE7]d= dAVE A S

_’|3_



T

)

JAl ©t}. Burls and Reason, 200891 4]
H

H| X

&F

27
g

v
o] A QXS AF3H T Heo et al, 20105 o =F

2] 3] A
Al

=3
ol
=

al A
=~
1

ek

23

OO]:

f

3]

o] A8l =

A
s

2.3. 9+ =

of th~]-

S PR WY %P
) = B

up . T oG o)

~ ol ap T w0 K- oo at] o
¢ T oo ¥R g ﬂT B%
o T d T g o T
B oo A% o = oz
B oW W oo B od & gy Ao
D %%So_aﬂmmﬂ_gﬂ
W B T2 W g < oMoy &

(i fo) O ! o
o) M w _ &2 7 om 9w
T R - 9 oo 2 ox o M
FR sy s E9 52 X
S oo W= L wom N
G4 o2y g = B X o BE e
o o E WA o S BT K
F@%i_ﬁe)x@mam
) T W O = -l
T TR E g T % DT
B T E Wr o = ,_ﬁo_,l <©

. MR o R R M M x
%W_ﬂAi S~ N S
e 5 W oo X @ W o
@O LO 1:1_ ‘Ly:._ L..W »A‘fl n S

Pow T TP e o Lo
s E®z x FE 5N
X0 Ho - oy my o} I —— QTu — -

Pom w N T <

. Bl P o N ° =2 I-

N EE Fo ~ ~ xluﬂ 0 A a ‘m..A

—_ HT_ .ﬁ U.._ [ -
= N = W 4 = Q2%
Sriluedfplit
%aﬂﬂmmﬂﬂa@m%

I - < (Ul
R T - B N <
3 o T O ¥ o o H
oW Lo oo o) LT

_’|4_



Aoz ZsiA Aol %%(2019@ 39 179~ 2019¢ 3¢ 26Y) ¥ A
(2019 1€ 169~ 2019'd 1€ 25¢) F Atglolth. =3, AFAH W sid
FZghol At | gol WA (YA (D)), HAHTA), BT

AHIC)S tdo=E AdstA &2 714 Ed WRFe dl¥Ed ROMSE 27t
T3t A ED(COAWST)H @ s FELROMS)9 s =et A
I B 7IFEL(WRF)S] 713 es FARS] Adse #S5EA Hlusia, &

Q]

A 29 (Uncoupled)? AE = (Coupled) I+ oS54 %5& B7IstAT

B2 Abglol ik SST vl ZA}(Fig. 4), DJA A I TAA A Coupled 2
°] Uncoupled #@EtT #AZZ o FH&HA FARE AR A3(HT oF
0.55C, 0.07C)7F Uet o™, U4z AH(PT, IQ) A= PTS ICAH BF =
AZEtiell Al Uncoupled”t #&3koll B 77k 223K (H - °F 0.78C, 0.80T)=
ey o2 ZA7E BYr) o] Yoz Agdow PT, IC AHo| D], TA

o

it

ARG IR AP AF(W, =, A)sol A AIFRD FIAFAH A
h7l-el < dEzge] 58 mostEt olzgel UNY Aem AgHY, 4
AAA O7)ok g RS Bgste] o] E WA APRDE S| of
g oz dAgdAn

Agd O AR 23s RHFig 5) AW AFRLCOAWST)
o] AgstA ke ZIROMS)l Ml #Zgkol o 77k FA R ARt U
bt AAEE sy BEMSiEW, D] AMoAe #ZFpY =dHE
(Uncoupled, Coupled)®] zto]7} B4 2.24TC, 2.01C¢] zto]E WERY Coupledell
Al FREVE FENeH, 55 2d b (1Y 17€~199)0A AlZteA
2 ©°F 0.87C, 081C, 032T AEE FiatA 49 EES Btk TAXH M
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Fig. 4. Time series of the observed and simulated sea surface temperature
(SST) at several marine buoy monitoring sites for ROMS (Uncoupled) and

COAWST (coupled) during the study period (March, 17-26, 2019).

_’|7_



[B] Winter

| Deokjeok-do (DJ) —e— 0BS

ROMS (Uncoupled)
COAWST (Coupled)

SST (°C)
S N A &N &

1/16 1/17 118 1/19 1/20 1/21 1/22 1723 1/24 1/25

| Taean-Port (TA)

SST (°C)
S N A &N @

1/16 1/17 118 1/19 1/20 1/21 1/22 1/23 1/24 1/25

| Pyeongtaek Dangjin-Port (PT)

SST (°C)
S N A &N X

1/16 117 118 1/19 1/20 1/21 1/22 1/23 1/24 1/25

| Incheon-Port (IC)

SST (°C)
S N A &N @

1716 1/17 1/18 1/19 1/20 1/21 1/22 1/23 1/24 1/25
Time (LST)

Fig. 5. Same as Fig. 4 except for the study period (January 16-25, 2019).
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o, 53 Ds AMolA B oF 15C7AHA 350l 74 A7 FAE FHme
AstE wgich W, HS A YoM E Uncoupledrt bR Aol © @49
sAme] Azt GEREF oF 156T) % AYER e Az ekt
FrlHog BA E£9 AWHAL U(Fig 7

), EEAHA  Uncoupled,
Coupled EF #Z3kel Hj=9ost= Haks B,

=
-

AS, DJ A A-ellA 3/21
d At F A mF #S3kl IA AR st AEFS FEEHA UE
Bt FUHReR, 7 AP 3 dFA8ses BUEARS W, EE AFdA
Coupledoll Al #Z5gkell o FFHJFET °F 025m/s). A=d FTH9 45
(Fig. 10), &A1 7129 X152l AF}HT} Coupled®t Uncoupled E5F SH
Aol A A EdA AgrAow AZgke Ahrost= BFS Bt &
3, i ARSel 14 21¥ &5 A A11A~134) BS54kl Hls] =7
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Fig. 7. Same as Fig. 6 except for wind speed.
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Fig. 9. Time series of the observed and simulated at six meteorological
monitoring sites for WRF (Uncoupled) and COAWST (Coupled) during the
study peorid (January 16-25, 2019).
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Fig. 10. Same as Fig. 9 except for wind speed.
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Fig. 12. Time series plot of meteorological variables deviation (air temperature, mixing ratio, pressure) for the observed and

model-simulated at several monitoring site for the study period (March, 17-26, 2019).
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Fig. 13. Same as Fig. 12 except for the study period(January, 16-25, 2019).
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Table 2. Statistical evaluation of sea surface temperature and meteorological
variables for the observed and model-simulated values (Uncoupled and

Coupled) at the monitoring sites during the study period.

[A] Spring
ROMS (Uncoupled) COAWST (Coupled)

Site RMSE MBE COR RMSE  MBE COR

Deokjeok-do (DJ) 0.568 0.517 0.752 0.306 -0.25 0.755
Taean-Port (TA) 0.652 0.572 0.625 0.341 -0.212 0.707
Pycongtack dangjin-Port (PT) 0.361 0.065 0.846 0.773 -0.707 0.569
Incheon-Port (IC) 0.358 -0.191 0.88 1.038 -0.997 0.576

WRF (Uncoupled) COAWST (Coupled)
Site Variable

I0A* RMSE® MBES I0A* RMSE® MBE*

TEMP 0.921 1.996 -0.614 0.932 1.684 -0.614

Y congjong-do (YJ) WS 0.626 2.956 2.533 0.647 2.847 2.476
RH 0.814 15.011 5.955 0.779 17.180 9.448

TEMP 0.911 2.818 0.686 0.915 2.560 -0.219

Ansan (AS) WS 0.411 3.674 3.105 0.436 3.390 2.900
RH 0.874 14.382 5.770 0.841 16.020 8.042

TEMP 0.939 2.309 0.458 0.938 2172 -0.620

Siheung (SH) WS 0.826 1.512 0.845 0.851 1.355 0.637
RH 0.854 15.543 9.954 0.806 18.440  13.090

TEMP 0.961 1.668 -0.190 0.949 1.864 -1.218

Hwaseong (HS) WS 0.537 2.705 2.220 0.568 2.465 2.010
RH 0.711 22.482 18.898 0.687 24210  20.950

TEMP 0.913 1.752 0.730 0.914 1.747 -0.837

Dacsan (DS) WS 0.554 2725 1.456 0.617 2.276 1.029
RH 0.746 15.861 5.239 0.740 16.860 9.166

TEMP 0.954 1.740 0.510 0.955 1.710 -0.510

Dangjin (DJ) WS 0.523 3.208 2.588 0.524 3.048 2.569
RH 0.840 14.070 8.709 0.792 16.260 10.850

@ |0OA: index of agreement.
® RMSE: root mean square error.
¢ MBE: mean bias error.
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[B] Winter

ROMS (Uncoupled) COAWST (Coupled)
Site RMSE  MBE COR RMSE  MBE COR
Deokjeok-do (DJ) 2.309 -2.267 -0.155 2.068 -2.025 0.47
Taean-Port (TA) 4.225 -4.183 0.244 2.566 -2.482 0.558
Pycongtack dangjin-Port (PT) 4.806 -4.769 -0.639 3.623 -3.592 -0.123
Incheon-Port (IC) 1.593 -1.507 0.522 2.205 -2.119 0.619
WRF (Uncoupled) COAWST (Coupled)
Site Variable

I0OA® RMSE® MBE" IOA* RMSE® MBE*

TEMP 0.931 1.855 -0.522 0.901 2.258 -1.614

Yeongjong-do (YJ) WS 0.525 2.985 2431 0.581 2.640 2.246
RH 0.714 18.797 11.129 0.709 19.942 13.585

TEMP 0.849 3.583 1.197 0.893 2.887 -0.130

Ansan (AS) WS 0.417 3.030 2.538 0.472 2.663 2.290
RH 0.780 17.848 5.681 0.785 18.368 9.547

TEMP 0.938 1.975 -0.411 0.912 2.392 -1.976

Siheung (SH) WS 0.807 1.274 0.547 0.809 1.280 0.481
RH 0.795 19.400 13.659 0.778 20.815 15.767

TEMP 0.938 1.975 -0.411 0.912 2.392 -1.976

Hwascong (HS) WS 0.749 2.536 2.094 0.784 2218 1.816
RH 0.568 26218  22.350 0.561 29.600 26934

TEMP 0.779 3.028 2,582 0.931 1.452 0.569

Daesan (DS) WS 0.544 2.512 1.924 0.684 1.722 0.553
RH 0.531 15.002 10.016 0.587 19.555 16.393

TEMP 0.907 2.198 -1.462 0.936 1.725 0.516

Dangjin (DJ) WS 0.560 2.349 1.881 0.622 1.978 1.561
RH 0.647 19.978 14.084 0.690 20.040 15.757
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Fig. 14. Time series plot of sea level anomaly the observed and model-simulated at four tidal station for the study period

(March, 17-26, 2019).
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Fig. 15. Same as Fig. 14 except for the study period (January, 16-25).
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Table 3. Statistical evaluation of the sea level anomaly between the observed

and model-predicted values at four tidal stations for the study period.

[A] Spring
COAWST BASE COAWST DA
Site Variable IOA RMSE MBE IOA RMSE MBE
B ARG 0957 108112  <0.001 0988 56291  <0.001
QHLH(AS) Sea 0935 125953  <0.001 099 32033  <0.001
ggevm e
S anomaly (cm) 0936 120816  <0.001 0995 33220  <0.001
OIH(IC) 0957 105569  <0.001 0990 52062  <0.001
[A] Winter
COAWST BASE COAWST DA
Site Variable IOA RMSE MBE IOA RMSE MBE
ZAFGH 0969 8072  <0.00 0980 65324  <0.001
QHLH(AS) Sea 0953 96898  <0.00 0993 36480  <0.001
dg=(YH) anon:ea‘ll;l(cm) 093 12081  <0.001 0995 3322  <0.001
QI (IC) 0954 91973  <0.001 0992  39.670  <0.001
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Fig. 16. Time series of the observed and simulated sea surface temperature
(SST) at several marine buoy monitoring sites for COAWST_BASE and
COAWST_DA during the study period (March 17-26, 2019).
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Fig. 17. Same as Fig. 16 except for the study period (Winter 16-25, 2019).
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Table 4. The deviation of three meteorological variables between two
model-simulated values (COAWST_WRFDA and COAWST_BASE) and

observations at six monitoring sites during the study period.

[A] Spring
Site Variable EXP_WRFDA (COAWST_WRFDA - OBS) EXP_BASE (COAWST_BASE - OBS)
TEMP -0.494 -0.614
Yeongjong-do (YJ) WS -1.308 -1.179
RH 5.944 9.450
TEMP -0.372 0.360
Ansan (AS) WS -1.097 -1.107
RH 5.833 8.050
TEMP -0.429 -0.620
Siheung (SH) WS -2.634 -2.652
RH 11.286 13.130
TEMP -0.924 -1.218
Hwaseong (HS) WS -2.228 -2.222
RH 18.530 20.960
TEMP -0.837 -0.837
Daesan (DS) WS -1.060 -1.964
RH 8.014 9.240
TEMP -0.330 -0.510
Dangjin (DJ) WS -1.182 -0.990
RH 8.280 10.850
[B] Winter
Site Variable EXP_WRFDA (COAWST WRFDA - OBS) EXP_BASE (COAWST_BASE - OBS)
TEMP -0.502 -0.314
Yeongjong-do (YJ) WS 2.450 2.220
RH 11.657 13.585
TEMP -1.479 -1.201
Ansan (AS) WS 2.402 2.290
RH 8.385 9.547
TEMP -0.534 -0.790
Siheung (SH) WS 0.547 0.661
RH 15.393 15.779
TEMP -0.062 0.210
Hwaseong (HS) WS 1.845 2.063
RH 25.392 26.934
TEMP 0.220 -0.872
Daesan (DS) WS 0.553 0.830
RH 15.482 16.393
TEMP -0.092 -0.279
Dangjin (DJ) S 1.561 1.724
RH 10.642 15.757
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Fig. 18. Mean differences of sea surface temperature and meteorological
variables (air temperature, wind speed, and relative humidity) between two
simulation experiments (COAWST_WRFDA and COAWST_BASE) during the
study period (March 17-26, 2019).
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[B] Winter (WRFDA - BASE)
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Fig. 19. Same as Fig. 18 except for the study period (January 16-25, 2019).
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Fig. 20. Time series of the observed and simulated sea surface temperature
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COAWST_DA  during the study  period (March  17-26,  2019).
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Fig. 21. Same as Fig. 20 except for the study period (January 16-25, 2019).
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Fig. 22. Time series of the observed and simulated at six meteorological

monitoring sites for COAWST_BASE and COAWST_DA during the study
peorid (March 17-26, 2019).
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Fig. 23. Same as Fig. 22 except for wind speed.
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Fig. 25. Time series of the observed and simulated at six meteorological
monitoring sites for COAWST_BASE and COAWST_DA during the study

period (Winter 16-25, 2019).
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Fig. 27. Same as Fig. 25 except for relative humidity.
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Table 5. The deviation of three meteorological variables between two
model-simulated values (COAWST_DA and COAWST_BASE) and observations

at six monitoring sites during the study period.

[A] Spring
Site Variable EXP_DA (COAWST DA - OBS) EXP_BASE (COAWST_BASE - OBS)
TEMP 0.037 -0.614
Yeongjong-do (YJ) WS -1.229 -1.179
RH 5.848 9.450
TEMP -0.219 0.360
Ansan (AS) WS -1.059 -1.107
RH 5.066 8.050
TEMP -0.077 -0.620
Siheung (SH) WS -2.585 -2.652
RH 10.590 13.130
TEMP -0.656 -1.218
Hwaseong (HS) WS -2.137 -2.222
RH 17.780 20.960
TEMP -0.449 -0.837
Daesan (DS) WS -1.904 -1.964
RH 7.267 9.240
TEMP -0.040 -0.510
Dangjin (DJ) WS -0.929 -0.990
RH 7.625 10.850
[B] Winter
Site Variable EXP_DA (COAWST_DA - OBS) EXP_BASE (COAWST_BASE - OBS)
TEMP -0.304 -0.314
Yeongjong-do (YJ) WS 2.219 2.220
RH 10.634 13.585
TEMP -1.179 -1.201
Ansan (AS) WS 2213 2.290
RH 7.306 9.547
TEMP -0.533 -0.790
Siheung (SH) WS 0.546 0.661
RH 12.724 15.779
TEMP -0.015 0.210
Hwaseong (HS) WS 1.841 2.063
RH 24.148 26.934
TEMP 0.218 -0.872
Daesan (DS) WS 0.551 0.830
RH 12.097 16.393
TEMP -0.052 -0.279
Dangjin (DJ) WS 1.560 1.724
RH 10.348 15.757

_60_



A5 Ago mE FARY A3 AAE £4 D A B SAH HASE

= T8 sigdes B U1daart A7 i AN FREH FEENee
A F Atk I F DYRdS AR HusE A4 —Eréi(Fig. 12,
Fig. 13)3} v}xt7}A 2, Fig. 283 Fig. 29v AEE3IZ s /A 71484 <

disE A3l dis]l Hoh AAsHAl 4] e, ARsIE BT A&
COAWST DA Ad& Z3g FUFEd s & AAI, 5, FUHFE)
=9 #FHH 22359 WA (Uncoupled - OBS, Coupled - OBS, DA
OBS)& A A3ttt
WA A HdisEet 712, T, 7Iske] Wkl die dwEgke ),
i Ao APE BT Rt AFS AL
3¢ 1897 3¢ 19¢0A Gdrdo] Agrdrt AZ3 o 7HgA 2od
Ax7F yetst =, AREE AEside W FARY A3t ¥ FEEHAT
(Fig. 28). mIxt7IA 2 39 23¥A = DA AFel FAHA Fd=HAeH, 7%
Hap =3k & Al wls] 7bE wHarh dasdes & 7 AT Aed
AUEE AR EA AR @IE 199, 19 2¢~23Y)0] Auiss FAR
ol7} DASA FEeHAl #Sgkoll 7HA Bolstes Ae & 5 Ao, of At
o] Uncoupled, Coupled Rt DAZ} 7I%te] HaE 7H 7H4sklal Zpol7h
Al UEFSR S (Fig. 29). F AHEIE 7123 52 HAto] dis) duEte W, As
o] Fdol wls) ¥ Zastom, Atel 25 DACA AR 7HE @A UERE
I 7123 F52] Moz s 71k Adaxrt FEsislen,
AfAo 2 FUFE 7HA FdE= 237 dEld Aoz AR

_6‘]_



[A] Spring

2 10 )
°\ Daesan (DS) <
S 100 . \; Daesan (DS) == Uncoupled - OBS
z ! m A G = —— Coupled - OBS
o & | = 5 s DA - OBS
80 ' : "c-"
© p— :
£ >
= 60 e 0
= =
) 40 5}
I~ ~—
o p— -5
s 8~
o -
=4 X 0
3/17 3/18 3/19 3/20 3/21 3/22 3/23 3/24 3/25 3/26 a 3/17 3/18 3/19 3/20 3/21 3/22 3/23 3/24 3/25 3/26
~
—,' 15 .
» Daesan (DS) —~ . Uncoupled - OBS
[ 6 [ Coupled - OBS
E [~ =1 DA - OBS
- 10 e
5
T p
[-P] e 4
=TI =
»n N 7]
@? 3
=] cD
= S
o p—( 0 (=% 2
4 =3
E (=
B 0
Y17 318 3/19 3120 3/21 3/22 3123 3/24 3/25 3126 3/17 3/18 3/19 3/20 3/21 3/22 3/23 3/24 3/25 3/26
Time (LST) Time (LST)

Fig. 28. Time series plot of meteorological variables deviation (air temperature, wind speed, pressure) for the observed and

model-simulated at several monitoring site for the study period (March, 17-26, 2019).
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Fig. 29. Same as Fig. 28 except for the study period(January, 16-25, 2019).
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Table 6. Statistical evaluation of sea surface temperature and meteorological

variables for the observed and model-simulated values

(COAWST_BASE,

COAWST_WRFDA and COAWST_DA) at the monitoring sites during the

study period.

[A] Spring
COAWST BASE COAWST WRFDA COAWST DA
Site
RMSE MBE COR RMSE MBE COR RMSE MBE  COR
Deokjeok-do (DJ) 0306  -025 0755 0227 -025 0825 0161  -0036 0785
Tacan-Port (TA) 0341 0212 0707 046 0349 074 0312 0151 0741
Pyeongtack dangjin-Port (PT) 0774 0689 0517 034  -015 0561 034  -0145 0564
Incheon-Port (IC) 1038  -0997 0576 0916 -0.739 0441 0916 -0734 0429
. variant COAWST BASE COAWST WRFDA COAWST DA

1e arable T i0A* RMSE® MBES  IOA* RMSE® MBE® IOA* RMSE® MBES

TEMP 0932 1684 0614 0951 1491 -0255 0953 1378 0037

Yeongjong-do (YJ) WS 0647 2847 2476 0640 2743 2460 0667 2600 2336
RH 0779 17180 9448 0830 15195 5944 0832 14550 5848

TEMP 0915 2560 -0219 0951 2080 0206 0952 2004 0360

Ansan (AS) WS 0436 3390 2900 0436 3335 2908 0439 3346 2904
RH 0841 16020 8042 0891 13481 4933 0891 13490 5060

TEMP 0938 2172 -0620 0974 1445 -0.131 0975 1428 -0.077

Siheung (SH) WS 0851 1355 0637 0838 1399 0714 0864 1288 0611
RH 0806 18440 13.090 0846 16977 11285 0851 16320 10490

TEMP 0949 1864 -1218 0977 1282 -0731 0978 1241  -0.656

Hwaseong (HS) WS 0568 2465 2010 0560 2540 2095 0574 2458 2024
RH 0687 24210 20950 0745 21623 18530 0751 20800 17.680

TEMP 0914 1747 -0837 0928 1715 -0515 0932 1665 -0449

Daesan (DS) WS 0617 2276 1029 0647 2184 1060 0652 2182 1081
RH 0740 16860 9166 0776 15291 7.114 0784 15260 7.142

TEMP 0955 1710 -0510 0981 1124 -0078 0981 1123  -0.040

Dangjin (DJ) WS 0524 3048 2569 0550 2990 2556 0533 3084 2629
RH 0792 16260 10850 0866 12605 8280 0872 12570 7.607
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[B] Winter

COAWST BASE COAWST WRFDA COAWST DA
Site

RMSE MBE COR RMSE MBE COR RMSE MBE  COR

Deokjeok-do (DJ) 2068  -2025 047 2610  -2571  0.037 0.34 0.021 0.684
Tacan-Port (TA) 2566  -2482 0558 3196  -3145 0664 1711  -1611 0556
Pyeongtack dangjin-Port (PT) 3623 3592 0123 39241 3897 0332 2453 2415 0212
Incheon-Port (IC) 2205 2119 0619 2037 -1906 0483 0634 0389  0.605

] ) COAWST _BASE COAWST WRFDA COAWST DA
Site Variable

10A? RMSE? MBE* 10A? RMSE? MBE* 10A? RMSE? MBE*

TEMP 0901 2258 -1614 0917 198 0940 0948 1582 0324

Yeongjong-do (YJ) WS 0554 2704 2206 0548 2887 2469 0581 2639 2246
RH 0709 19942 13585 0707 19146 11657 0757 17683 10633

TEMP 0893 2887 -0130 0879 2999 0438 0896 2869 0932

Ansan (AS) WS 0472 2663 2290 0463 2793 2402 0476 2790 2265
RH 0785 18368 9547 0789 17978 8294 0815 16874 7306

TEMP 0928 2466 -0857 0920 2464 -0283 0936 2282 0359

Siheung (SH) wS 0.809 1.280 0481 0.799 1.362 0.661 0.806 1.353 0.668
RH 0778 20815 15767 0793 19680 14056 0812 18577 12724

TEMP 0912 2392 -1.976 0.933 2.003 -1.409 0.959 1.582 -0.889

Hwaseong (HS) wS 0.749 2.536 2.094 0.761 2437 2.028 0.767 2434 2.006
RH 0561 29600 26934 0569 28354 25728 0592 26798 24148

TEMP 0931 1.452 0.569 0.821 2.593 -2.092 0.905 1.761 -1.107

Daesan (DS) WS 0.684 1.722 0.553 0.652 1.876 0.830 0.684 1.742 0.930
RH 0587 19555 16393 0590 18302 15003 0676 15267 12097

TEMP 0936 1725 0516 0928 1902 -0910 0954 1503  -0517

Dangjin (DJ) WS 062 1978 1561 0600 2137 1724 0640 1967 1609
RH 0690 20040 15757 0701 18762 13731 0720 18123 12871
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Fig. 30. Mean differences of sea surface temperature and meteorological
variables (air temperature, wind speed, and relative humidity) between two
simulation experiments (COAWST_DA and COAWST_BASE) during the study
period (March 17-26, 2019).
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Fig. 31. Same as Fig. 30 except for the study period (January 16-25, 2019).
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Fig. 32. Time series of the deviation of sea surface temperature (SST) and sea
surface wind speed between observations and model-simulated values at four

monitoring sites the study period (March 17-26).
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Fig. 34. Correlation between sea surface temperature and three meteorological variables (air temperature, wind speed, and

relative humidity) for observations and two simulation experiments during the study period (March 17-26, 2019).
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Fig. 35. Same as Fig. 34 except for the study period (January 16-25, 2019).

_75_

Sea surface temperature (°C)



=i
=

)

AgELe o

~26%

]

[e]
=

B

hel $ede Asiet A

°©

2}g-o)

+

E

ok o
e TYEPH(Uncoupled)?t ZAGEZ

I

S

4 8% 2 AL

b

i

°
pil

ez tf7]-sf

7_(4]
o] H|WA
128 A dojyd 20199 FEHEE 17
o

A AA
2 angl

T

T

Aol A

=R

A 7)4e] M)

o AR N
N 0 il <
P B g TN A B S )
I N pen FPLRPRER
Naqﬂnocgﬂgiﬂcaa I
o} 0 _ U_._ — &H A—l ﬁﬂ On— ,‘w x_ “W . ,q o MAF o ;01_ 1:MO
T, D TE W o E A T X
X BT R ) = & B o 8% e T
S = > e 29 =T % o= 5B
M ox g B 2 E R B s 9
O I S B R LR IR R T
mﬁ g T uj m_w iy o . K T oo o muu v H o= oK
"oy N M P | T ow M T 0 BN G AR
Bk W i} = ﬂw 0T B o U ooy T A g
a%ﬂwac_a @%ﬁ%%%%ﬂ,g%%o_aw
T oo g T y E U¢ LT b e g ) B E R
O_E ._.“_mwo ,_Ir” . ﬂ m AH = ﬂ_u J Jrly i/ X ﬁo
T 0 ® o o J .
T T w o mrm +T W o N %o B W Mo MM ~ ¥ Aﬂo
o & T 0| W . M oo T N oy R ,ﬁ\ W o
m N m ] " R %o A|n X = o w_m — M_Al of ¥ ik X
= o = 4 BB _ o 3 o X Do W
X ZT A.:u o nA_.O F ‘DI 7 R ﬂ,_ NrL T o ‘,AI ~ N
w5 F e T = o= BE R RD® ~ BB N
TR s T B < N = = T g— W B W o X
BEEREEITELQ 2 E TR O wo_ poH T
Q. T ol s o o T 9 N No U @y ! U
aom 24 T W R = o o oo woN g
o oo 2 N 20 T 2 M T W = =
) g qgp =] o 5} ~ 7 o B oz B
Aﬂ T 2 O ] m ko op _ma O ol w = W o A <0 = ol
T X e EOP B mon ~ 0 m T M " A o= =
- ® O O W o5 ow K ow & F N oo B o= o
TRPEL 2 E IR 5 T o om oo Ton
T ) = X F q v 3 X o Z %
S Noa S m,# o __4 o = & i = F X B o
N oK i J = ~ 0 - p—
my XH MJl N ..an u ‘* ‘_Ir_/.” ,W_/MA NMM ._I/ = W MMM IJI H_T_ HL &.o HL
Koo T AR I U B
N T ORW oo W

_76_



2 (COAWST_WRFDA)Z A5 %535 283172 e 43 (COWAST_BASE)L
2 UR #FH AREEITHRE, 714 84)0 FARIE vt BEH
Me BE AHNA COAWST_WRFDA A3o] #=#3 o fASE X529 &2
HE BHoY, ALHAME 2318 COAWST_BASECA T &&4dH AHE0]

AR 1 F TAXHANA HT F 066TE 7HE £ FAE Btk =
& 7NFeAE AT, 712 2 F5 EF COWAST_WRFDACA MAE A=
o] Az T AT 53], o ddrde] dgolA Agrde] dths

=
= & roFx EIe= FXRo AHIFS COWAST WRF7F 234 MAH

i Eto 2, s FRA7HA] AE5F3E X E(COWAST_DA)SHH A5E3HE 4

oAl F2e] dde vustdle W, Aed 3 5d BE ARECA sjed

a
et AnEse] EnE A% FAmY ANE FAT F YTk

FIHAor, A5 AdPoA MAE diisE FARe] A3 9l A FF

3], %) ol9dlE, drHeEet s W #Ae B 2 AmnTIHE

sl ANE AFdLEst A2 AY FA/Ge] mAE FFo] AL FAY 5

_77_



, B8, 2021, 2 27 A EX b E A ATl A

=

t 9g Wb BE AEE AT PP VIV FEI =T,

, BAR, $-FH, 73k, 2005, 2 =0F EEAEQE Ao 7] 5o W)
Ae 9 A T3] et =2 F, 356-364.

e A, A, B3], 2017, A7 ALY AuH EAIE WHEIL 3271

B H7L 7], 27(4), 399-409.

AR, 4T, 58, 2021, 20199 FEAH AFAEA 71 EDY B4 WA
A5 T3 PMys 5 RO mX&= &3 =74 5357, 37(2),
231-247

g, S8, 78, 2022, 20199 AEAY 1FE PM,s AtEle] B EA

gl =235 A o= 4. =i r1e7d e A, 38(2), 220-236.

Arakawa, A., Lamb, V. R. (1977). Computational design of the basic
dynamical processes of the UCLA general circulation model. In
Methods in Computational Physics, 17, Academic Press, New York,
173-265.

Balmaseda, M., Anderson, D. (2009). Impact of initialization strategies and
observations on seasonal forecast skill. Geophysical Research
Letters, 36, L011701.

Barker, D. M., Huang, W., Guo, Y. R, Bourgeois, A. J., Xiao, Q. N. (2004). A
three-dimensional variational data assimilation system for MMS:
implementation and initial results. Monthly Weather Review, 132,
897-914.

Burls, N., Reason, C. J. C. (2008). Modelling the sensitivity of coastal winds
over the Southern Benguela upwelling system to different SST

forcing. Journal of Marine Systems, 74, 561-584.

_78_



Carrier, M. J.,, Ngodock, H., Smith, S., Jacobs, G., Muscarella, P., Ozgokmen,
T., Brian, H., Lipphardt, B. (2014). Impact of assimilating ocean
velocity observations inferred from Lagrangian drifter data using the
NCOM-4DVAR. Monthly Weather Review, 142, 1509-1524.

Choi, W., Lee, ]J. G., Kim, Y. J. (2012). Sensitivities of WRF simulations to the
resolution of analysis data and to application of 3DVAR: a case sutdy.
Atmosphere, 22, 387-400.

Courtier, P., Thépaut, ]J. N., Hollingsworth, A. (1994). A strategy for
operational implementation of 4D-Var, using an incremental approach.
Quarterly Journal of the Royal Meteorological Society, 120, 1367-1387.

Deremble, B., Lapeyre, G., Ghil, M. (2012). Atmospheric dynamics triggered by
an oceanic SST front in a moist quasigeostrophic model. Journal of the
Atmospheric Sciences, 69, 1617-1632.

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.

Dudhia, J. (1989). Numerical study of convection observed during the winter
monsoon experiment using a mesoscale two-dimensional model.
Journal of the Atmospheric Sciences, 46, 3077-3107.

Dudhia, J. (1996). A multi-layer soil temperature model for MMb5. The Sixth
National Center for Atmospheric Research, 22-24.

Edwards, C. A., Moore, A. M., Hoteit, 1, Cornuelle, B. D. (2015). Regional
ocean data assimilation, Annual Review of Marine Science, 7, 21-42.

Egbert, G. D., Erofeeva, S. Y. (2002). Efficient inverse modeling of barotropic
ocean tides. Journal of Atmospheric and Oceanic Technology, 19,
183-204.

Ha, J. H, Kim, H W, Lee, D. K. (2011). Observation and numerical
simulations with radar and surface data assimilation for heavy rainfall

over central Korea. Advances in Atmospheric Sciences, 28, 573-590.

_79_



Han, S. B, Song, S. K, Shon, Z. H.,, Kang, Y. H., Bang, J. H, Oh, I. (2021).
Comprehensive study of a long-lasting severe haze in Seoul megacity
and its impacts on fine particulate matter and health. Chemosphere,
268, 1-12.

Han, Y. H,, Jeong, J. S. (1991). On the effects of sea surface temperature to
temperature and humidity of Western Region of Korea. Asia-Pacific
Journal of Atmospheric Sciences, 27, 197-203.

Heo, K. Y, Ha, K J. (2010). A coupled model study on the formation and
dissipation of sea fogs. Monthly Weather Review, 138(4), 1186-1205.

Hong, S. Y., Dudhia, J.,, Chen, S. H. (2004). A revised approach to ice
microphysical processes for the bulk parameterization of clouds and
precipitation. Monthly Weather Review, 132, 103-120.

Hong, S. Y., Lim, J. O. J. (2006). The WRF single-moment 6-class microphysics
scheme (WSM6). Asia-Pacific Journal of Atmospheric Sciences, 42,
129-151,

Janekovi¢, 1., Powell, B. S., Matthews, D., McManus, M. A., Sevadjian, ].
(2013). 4D-Var data assimilation in a nested, coastal ocean model: a
Hawaiian case study. Journal of Geophysical Research Oceans, 118,
5022-5035.

Jung, T. S, Jeong, J. K. (2013). Spatial distribution and time variation of m2
tide and m4 tide in the western coast of korea. Journal of Korean
Society of Coastal and Ocean Engineers, 25, 255-265.

Kang, Y. Q. Jin, M. S. (1984). Seasonal variation of surface temperatures in
the neighbouring seas of Korea. Journal of the Korean Society of
Oceanography, 19, 31-35.

Kumar, N., Voulgaris, G., Warner, ]J. C., Olabarrieta, M. (2012). Implementation
of the vortex force formalism in the coupled
ocean-atmosphere-wave-sediment transport (COAWST) modeling system

for inner shelf and surf zone applications. Ocean Modelling, 47, 65-95.

_80_



Laloyaux, P., Balmaseda, M., Dee, D., Mogensen, K. Janssen, P. (2016). A

Lee,

Lee,

Lee,

Lee,

Lee,

Lee,

Lee,

coupled data assimilation system for climate reanalysis. Quarterly

Journal of the Royal Meteorological Society, 142(694), 65-78.

C. I, Lee, ]J. H, Kim, D. S. (2007). Effects of meteorological factors on

water temperature, salinity in the West Sea of Korea. Journal of the

Korean Society of Marine Environment and Energy, 13, 29-37.

H. W, Kim, Y. K, Jung, W. S. (2000). A numerical simulation for an

effect of terrain on the onset of a sea breeze over the complex coastal

area. Asia-Pacific Journal of Atmospheric Sciences, 36, 561-572.

H. W, Won, H. Y., Choi, H. ], Lee, K. Y. (2005). Numerical simulation

of effect on atmospheric flow field using high resolution terrain height
data in complex coastal regions. Journal Korean Society for
Atmospheric Environment, 21, 179-189.

H., Kim, T. K, Pang, I. C, Moon, J. H. (2018). 4DVAR data
assimilation with the regional ocean modeling system (ROMS): impact
on the water mass distributions in the Yellow Sea. Ocean Science

Journal, 165-178.

. H, Moon, J. H, Choi, Y. ]J. (2020). Comparison of data assimilation

methods in a regional ocean circulation model for the Yellow and East

China seas. Ocean and Polar Research, 42, 179-194.

. H, Chun, J. H. (2003). The distribution of snowfall by Siberian High

in the Honam region. Journal of the Geological Society of Korea, 38,

173-183.

. H., Ahn, K. D, Lee, Y. H. (2016). Parametrization of the tidal effect

for wuse in the Noah land-surface model: development and

validation. Boundary-Layer Meteorology, 161, 561-574.

Lim, E. H, Kim, Y. H.,, Lee, C. W. (2003). The assimilation effect of radar

gaze velocity data in 3D variational data assimilation for regions.

Atmosphere, 13, 94-97.

_8‘]_



Lim, K. S. S, Hong, S. Y. (2010). Development of an effective double-moment
cloud microphysics scheme with prognostic cloud condensation nuclei
(CCN) for weather and climate models. Monthly Weather Review, 138,
1587-1612.

Liu, N., Ling, T., Wang, H., Zhang, Y., Gao, Z., Wang, Y. (2015). Numerical
simulation  of  Typhoon  Muifa (2011) using a  coupled
ocean-atmosphere-wave-sediment  transport  (COAWST)  modeling
system. Journal of Ocean University of China, 14, 199-209.

Mlawer, E. ], Taubman, S. ], Brown, P. D. lacono, M. J, Clough, S. A.
(1997). Radiative transfer for inhomogeneous atmospheres: RRTM, a
validated correlated k model for the longwave. Journal of
Geophysical Rserch Atmospheres, 102, 16663-16682.

Moore, A. M., Arango, H. G., Broquet, G., Powell, B. S, Weaver, A. T,
Zavala-Garay, ]J. (2011a). The Regional Ocean Modeling System (ROMS)
4-dimensional variational data assimilation systems: Part I - System
overview and formulation. Progress in Oceanography, 91, 34-49.

Moore, A. M., Arango, H. G., Broquet, G., Edwards, C., Veneziani, M.,
Powell, B., Robinson, P. (2011b). The regional ocean modeling system
(ROMS) 4-dimensional variational data assimilation systems: part II -
performance and application to the California Current System. Progress
in Oceanography, 91, 50-73.

Murphy, J., Kattsov, V., Keenlyside, N., Kimoto, M., Meehl, G., Mehta, V.,
Smith, D. (2010). Towards prediction of decadal climate variability and
change. Procedia Environmental Sciences, 1, 287-304.

Ninomiya, K. (1974). Influence of the sea surface temperature on the
stratification of airmass and the cumulus activity over the East China
Sea in the Baiu season. Papers in Meteorology and Geophysics, 25,
159-175.

Olabarrieta, M., Warner, J. C, Armstrong, B., Zambon, J. B, He, R. (2012).

_82_



Ocean - atmosphere dynamics during Hurricane Ida and Nor'lda: an
application of the coupled ocean - atmosphere - wave - sediment
transport (COAWST) modeling system. Ocean Modelling, 43, 112-137.

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

Phadnis, M. J.,, Robe, F. R, Klausmann, A. M., Scire, ]J. S. (2003). Importance
of the spatial resolution of sea-surface-temperature data in
meteorological modeling. In Proceedings of the 13th PSU/NCAR
Mesoscale Model User’'s Workshop, Boulder, CO, USA, 11.

Qian, H., Suxiang, Y., Yaocun, Z. (2012). Analysis of local air - sea interaction
in East Asia using a regional air -sea coupled model. Journal of
Climate, 25, 767-776.

Routray, A., Mohanty, U. C,, Niyogi, D., Rizvi, S. R. H., Osuri, K. K. (2010).
Simulation of heavy rainfall events over Indian monsoon region using
WRF-3DVAR data assimilation system, Meteorol. Atmospheric
Chemistry and Physices, 106, 107-125.

Roxy, M., Tanimoto, Y. (2007). Role of SST over the Indian Ocean in
influencing the intraseasonal variability of the Indian summer
monsoon. Journal of the Meteorological Society of Japan, 85, 349-358.

Shafran, P. C., Seaman, N. L., Gayno, G. A. (2000). Evaluation of numerical
predictions of boundary layer structure during the Lake Michigan
Ozone Study. Journal of Applied Meteorology and Climatology, 39,
412-426.

Shchepetkin, A. F.,, McWilliams, ]J. C. (2005). The regional oceanic modeling
system (ROMS): a split-explicit, free-surface,
topography-following-coordinate oceanic model. Ocean modelling, 9,
347-404.

Skamarock, W. C., Klemp, J. B. (2008). A time-split nonhydrostatic atmospheric

_83_



model for weather research and forecasting applications. Journal of
Computational Physics, 227, 3465-3485.

Smith, P. ], Fowler, A. M., Lawless, A. S. (2015). Exploring strategies for
coupled 4D-Var data assimilation using an idealised atmosphere -
ocean model. Tellus A: Dynamic Meteorlogy and Oceanography, 67,
27025.

Song, S. K., Shon, Z. H., Bae, M. S,, Cho, S. B.,, Moon, S. H.,, Kim, H. S., Son,
Y. B, Lee, C. R. (2022). Effects of natural and anthropogenic emissions
on the composition and toxicity of aerosols in the marine atmosphere.
Science of The Total Environment, 806, 1-14.

Talagrand, O. (1997). Assimilation of observations, an introduction (gtspecial
issueltdata assimilation in meteology and oceanography: Theory and
practice). Journal of the Meteorological Society of Japan. Ser. II, 75(1B),
191-2009.

Warner, ]J. C, Armstrong, B.,, He, R, Zambon, J. B. (2010). Development of a
coupled ocean - atmosphere - wave - sediment transport (COAWST)
modeling system. Ocean modelling, 35, 230-244.

WRF-ARW V3: User’s Guide (2017).

Yanai, M., Tomita, T. (1998). Seasonal and interannual variability of
atmospheric heat sources and moisture sinks as determined from
NCEP - NCAR reanalysis, Journal of Climate, 11, 463-482.

Yoon, H. J.,, Park, H. S, Kim, B. S, Park, J. H, Lim, J. O., Boo, K. O., Kang,
H. S. (2019). Application of weakly coupled data assimilation in global
NWP System. Atmosphere, 29, 219-226.

_84_



A study on local meteorological analysis in the
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Abstract

In this study, the analysis of meteorogical predictions performance and

data assimilation (WRFDA, DA) on the meteorological prediction in the west
coast of Korea was evaluated using a coupled atmoshere-ocean model (e.g.,
COAWST) in the winter (January 16-25) and spring (March 17-26) of 2019. We
performed two sets of simulation experiments: (1) with the coupled (ie.,
COAWST) and without the coupled (i.e., WRF and ROMS), (2) the coupled
data assimilations (i.e., COAWST _WRFDA, COAWST DA), and without the
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coupled data assimilation (i,e., COAWST_BASE). Overall, compared with the
WRF and ROMS simulation, the COAWST simulation showed good agreement
in the spatial and temporal variations of meteorological variables (sea surface
temperature, air temperature and wind speed) with those of the observations,
but other variable (relative humidity) was opposited result. To improve this
result (relative humidity), an additional data assimilation experiment was
conducted, finally the COAWST_DA simulation showed the most improved
numerical simulation results. This might be primarily due to the prediction
improvement of the sea surfcae temperature resulting from the coupled DA in
the study area. In addition, the improvement of meteorological prediction in
COAWST_DA simulation was also confirmed by the comparative analysis
between sea surface temperature and other meteorological variables (sea

surface wind speed).
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