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Fig. 1. Flow chart of WRF-ARW modeling system.
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& AEstdon, AL B4 AA L Kain-Fritsch 23 (Kain, 2004), @3 2

z

Aat 243tE 242 Dudhia (Dudhia, 1989)9F RRTM (Rapid Radiative Transfer

_10_



Model, Mlawer et al, 1997)& ©o|&3tth wIAHo 2 7| ZAS ET3he=

[}
YSU (Yonsei University, Hong et al, 2006)2 A3t a3t om, AxF =
g2 Noah-Multiparameterization (Noah-MP) A3 22 (Niu et al., 2011)< ©]-&

3} A TH(Table 1).

WRF 2do] ARl g2 FF 2 A AA(two-way interacting
F9D1)S 9= 22.09°N ~ 52.93°

48.68°EE X 3}tsl= 121 x 121709] 27 km ZBAFA S 43

nested grid system)

Ll
Y
ofo
31'4
4%
o
H
St
(E
)

N, %= 100.93°E ~
oS FAIAT F A D)= 124 x 133702 9 km
F9g, Al WA J9D3)E 139 x 142702 3 km 38

o
1L

o,
of?
18
fllo

g

, TR (DY) 2E 175 x 151702 1 km FHA A= A
et G o= dgstThFig. 2).

_11_



Table 1. Details of the grids and the physical options used in a coupled
atmosphere-ocean modeling system (WRF, ROMS) and CMAQ model.
[A] WRF model

Domain D1 D2 D3 D4
Horizontal grid 121x121 124x133 139x142 175%151
Horizontal resolution (km) 27 9 3 1
Vertical layers 30 30 30 30
Microphysics WSM 3-Class WDM 6-Class for D2-D4

(Hong et al., 2004) (Lim and Hong, 2010)
Cumulus Kain-Fritsch scheme for D1 and D2 (Kain, 2004)

Initial & boundary condition NCEP Final Analysis (FNL) 0.25 degree

Land surface Noah-Multiparameterization (Nui et al., 2011)

Short wave radiation Dudhia (Dudhia, 1989)

Long wave radiation Rapid radiative transfer model (RRTM) (Mlawer et al., 1997)
Planetary boundary layer YSU (Hong et al., 2006)

[B] ROMS model

Domain D1 D2 D3
Horizontal grid 234x234 149%173 209%197
Horizontal resolution (km) 9 3 1
Vertical layers 20 20 20

Initial & boundary condition HYCOM 1/12° GLBv0.08 Analysis (Bleck, 2002)
Bathymetric data GEBCO 2020 (Weatherall et al., 2015)
Tidal data TPXO7-atlas (Egbert and Erofeeva, 2002)

Defined minimum depth (m) 1.0

[C] CMAQ model

Domain D1 D2 D3 D4
Horizontal grid 118%118 121x130 136x139 172x148
Horizontal resolution (km) 27 9 3 1
Vertical layers 29 29 29 29
Chemical mechanism CBO05_tucl

Aecrosol module AERO6

Gas-phase chemistry Euler Backward Iterative (EBI) solver

3-D advection WRF_CONS

Diffusion (horizontal/vertical) =~ Multiscale/ ACM2

_12_
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Fig. 2. Nested model domains for a coupled atmosphere-ocean model (WRF (blue frame) and ROMS (red frame)) and CMAQ
simulations (black dotted frame) and the geographical locations of eight sites for meteorological variables (MET, red circles),
six sites for air quality (AQ, yellow circles) four tidal stations for sea surface height (TIDAL, triangles), and two marine

buoy sites for sea surface temperature (BUOY, rectangles).

_13_



COAWST (Coupled Ocean-Atmosphere-Wave-Sediment Transport) Al2=®l-& A}
&3} th(https:/ / code.usgs.gov/coawstmodel / COAWST, Warner et al, 2010).
COAWST Al=®lE 714 mds s =d, 9y v, g§3E sF md2
4=, Model coupling toolkit (MCT)E ©]&3te] 7 mdEe] MFES Wit
ThH(Warner et al., 2010). COAWST Al 2"l 9 F2 A3 A9 FX =R
Aol wo] &5 o (Kumar et al, 2012; Olabarrieta, 2012; Liu et al,,
2011), o8 EPES Adgst AT o Adte Aol Utk B dFoA =
COAWST NEN-E 714 RE(WRF)I} ¥ = (ROMS,
https://www.myroms.org)< A&3ste]  wir]-sid  FEAES &3
COAWST A|Zz=dlel4] ROMS ¥ RE2 vy, 2%, 5, @3 3 a5 HA}
Zardd 22 7] ¥ HeE WRF &
melo A SSTE Wobst thr]-af¢f Faa8<
% &5

2
COAWST A|2Hlo] 28&% ROMS 3% 2d-& Navier-Stokes 474 2]

)

rr

WRF =29 #3 dx

o
12

I

ol
St A9 Boussinesq <AME A&7 A4 A4 B s A& sl gk A

2~

A4S AMEShE 33 Sl &3 = o]th(Shchepetkin and McWilliams,
2005, Moore et al.,, 2011). ROMS 3
AE Abgste] AAke] T4 E 3
o] FHFoAME FHY A AEWS, FstlAe EE ARV ALt
(Arakawa and Lamb 1977). =3, H2F AXE+=  S-coordinate (Stretched
terrain-following coordinate) #ZEAE AR&ste] FHZz oz B WA 4
DAe ARS F o] FYFoly ntgB@AS T W e AAE 3

& o AT (Song and Wright, 1998; Shchepetkin and McWilliams, 2005).

Y

ROMS #% =dlel 27 9@ AAzACEE AAT AFARY s
HYCOM (HYbrid Coordinate Ocean Model/Navy Coupled Ocean Data

Assimilation)2] 1/12°¢] £ 3= 2 6AIF 4 ARE, AIAREE
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GEBCO (General Bathymetric Chart of the Ocean)E ©]-83l3 T ROMS E 29
AEgH =24 FxEE AFHAE #AFES 7|vie®E 3 TOPEX/POSEIDON
(TPXO) 7 A= wrdzM2, S2, N2, K2), ¥Z(K1, O1, P1, Ql), A7) =4
1z AEMm 2 M) 5 10709 =4 HES ARESATHEgbert and
Erofeeva, 2002).

COAWST W] WRF 74 24 992 919 4718 717 =2d 993 FLst

d
A AAstgom, ROMS 1Y 289 $Xud J9e 714 ndnc Jiao
o

(

2 F 3719 = 9 km FHIANFEL] 99234 x 234, D1), @ 3 km FH
174 =9 94149 x 173, D2), A%t 1 km FHHFE=e] FH(209 x 1

ol Al e Yoz FASATHFig. 2). ROMS s mdleo] A B 4
=3 WRF 714 223} &7 Table 10 #4393t
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222 413 =24

2 dFAs "7l T odizid FAERSE fE viw $FRIS(US
Environmental Protection Agency, EPA)ol|Al 7}&¢3t 31 33}s %
CMAQ (Community Multiscale Air Quality Modeling System) 5.0.2
o] &3ttt CMAQ t71d 2d2 71434, B35t wtes 2ol whgste] o
T4 W F8 72, 4R di7] edEde 29 o o Ul R
(Multi-scale)ell thdt 2 H9E 4 (multi-pollutants)= sAlo =Eo|&d 4 Ut (Byun
and Ching, 1999; Byun and Schere, 2006). ©] B2 6719 F+8 A2 #A
1782 3}sh-4=% =d(CCTM: CMAQ Chemical transport model) &2 ©]F0]X]
H, 2d¢ EFE+F Fig. 37 2t CMAQ ti7|d =g Mg #7482 WRF

71’ Rds B3 A" VIdAEE CCIM 3 283 AHAT F2o=
Fgst= MCIP (Meteorology-chemistry interface processor), #Z3ll gl & 4t&<

1%t JPROC (Photolysis rate processor), 27|15 E=F27-& A3t ICON (Initial
conditions processor)¥® ZAIFEE=271-S A4S BCON (Boundary conditions
processor), 3 ¥F# S ol thek A x| P
8l= EMIS (Emission)®= o]Fojxty. CCTM2 57FA HA2 AH(MCIP,
JPROC, ICON, BCON, OCEAN)¢} EMIS AR2E dYAEZ sl 2GEH9] 3}
kg, FE-olF HA AAHe AAH MAE dried=d vEE AMNEH

(US. EPA, 1999, https://www/cmascenter/org/cmaq/).

Ll

TE3H= OCEAN, vl %S 97

Meteorology
Modeli — MCIP — -
stJ;g CMAQ Chemistry-Transport Model (CCTM)
Gas-Phase . I
Emissions Chemistry Advection Diffusion Analysis
Modeling > »| Packages (e.g.
System VERDI or AMET)
Asrosol Aerosol ELOJ':;J:
Photolysis Chemistry Deposition ;
Rates — Chemistry
Initial and
Boundary |——
’—' Conditions

Fig. 3. CMAQ chemistry-transport model and associated preprocessors.
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B AFoHe 47 TIDE 483 CTRL A& o] WRF 714 2d 23S A&
st MCIP A& WPttt CMAQ tiZ|d =del A WAl 4

DY 27 & AAzASZE B U 7| 2EE4 profile A5 (AA 47] F
o tisl CO, NO,, dlo2F A E 5 2004 FH)E 53 HAEJ ¥ (Wang
et al., 2002; Gipson, 1999; Stockwell et al., 1990), T}5 FGHEHE= FH F99
9y A5 ICON 2 BCON =& dHste] 7z d99 =7 2 AA 44
25 AT ZdH o AHSE dol2F WA YES AERO-06, 313 7Y
+< CBO5_tuclelw, <% 9 AZFibol= A2 Multiscale’}  ACM2

o

N

(Asymmetric Convective Method) scheme& A}-8-3} % TH(Table 1).

CMAQ EH M Foprol G99 dAF miEdL 01° x 01° FHH =
£ 7FA= EDGER (Emission Database for Global Atmospheric Research)
version 6.1 AT HlE&EE A 5(CO, NOx, NMVOC, CHi, NO; SO, PMyy,
PM,s, BC, OC)E AH&3taith. EDGER Hi&% A%+ GEIA (Global Emissions
Inventory Activity) ZEAE°] UdFo g wid HuolE Ha o, =71H uj
=2 FA A YA 7] T (International Energy Agency)®] oA +3 FA
Beyond Petroleum (BP)2] =78 &% HolH A EAA =FHH(Crippa et al.,
2022). m=RF F3F G (Al £FhHol A A HiEFS FHEE AL ANA AF
5= CAPSS (Clean Air Policy Supporting System) 2019'd Hl& &5 A5 (TSP

(PMyp £3%), NOx, SOx, VOC, CO, NH3)E AH83tth CAPSS A5 2 <
T A, AN 34, olF 29d, wWrlE A, e B A i 5o 2R
E(Source Classification Codes, SCCO)el wet 1d G=E 4HFHE vl EH kg

yearol™, FtASZE A 1 km x 1 km AAEE bEH ooy WA A
Aol thdt AA vl = (Biogenic emissions)< MEGAN (Model of Emissions
of Gases and Aerosols from Nature) version 2.1 Z&-& o] &3lo] 24zg 2
Z1ste] WE AIZPE wjEFo] AAHE AAE o] &35FATHGuenther et al,
2012).

CMAQ W74 mdo] FARd JF& 29709 Alawt A2 F3 4789 99
o8 FAA3RoH, WRF 714 22 A#ete]l AA x5 £0]7] #15te] WRF



F9E 71 Aot BT 3 AAE AASA FobAlol 27 km FH 3
AEe] g9(118 x 118, D1), 3= 9 km FHHFES] F9(121 x 130, D2),
93t 3 kme $HAEGE (136 x 139, D3), A3l 1 km FH3d=e] 4
o (172 x 148, D4)o. 2 FA3IA th(Fig. 2). CMAQ & Ax 2 E&3 A
of thdt AAIS HRE Table 10| FAISHA T
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23. AME =304 B3 AdE: 9 38 Uy

2 AFolA = Azl whet Wslele 2300 AAE AFESH] 98 ROMS =
2 e WET_DRY E&& A& ©] 2&
21 E o] &3l Trx AlolE wet mask (B AA), rxE AlelE dry mask (SA
A2 vt AAE AL sld RS2 Ao ALte T AT Ha
T4 (Der)= LB 3] ARtE =, sig AA A 24 AlZrol]l thgk =4 (h) 2 =
F Z2d HAm)e & F F40] Dttt oW (h + n < D) MNT AAE

2 Warner et al (2013)°] =&t

A Az, 2 F FH0] DewE 238 (h + n > Deyy) W AR S

o
ARZ AZ2H, B AFgAE ROMS 229 kAL 938 D.ll e 1.0

Hoh &gk 230d W3 AEsty] s, dir]-ey 2 2hoA =%
A ZPE 27 997} Landsat satellite-8 Operational Land Imager (Landsat-8
OL) #4g4de dHolHE &8st wWiAPE =t F9S A=tk
Landsat $14-2 USGSe} NASA7} 35S =2 /st 91 21307 1972\ d 7

1
Bl A7}

e

YHE 98 AZFloew, 71 F Landsat-8 OLI $14& 20139 2¢€
l

3}

4

LY

N
o
of
a

ol
=
=
o
[‘%
[
u
o

ofd
o
i
N
N
)

3 94t} Landsat 8 YAAEE 15 m ~ 100 m9
|FAX Qom, o] o]t I
Aot 2 AT dF7IZ et A4 R A7 EA5HA

=
(
==

rr

A EE

d
)
>
m?_,l'
N

::’4

ol & 7|3 rxst vtz w FFE ow|AE ARSI 4 914 oF A
W Z3t WAL Tucker (1979), Wang et al. (2020), Yang et al. (2022)¢] A
of W} dAFel = 0290 Bt3t 24 A4 (Normalized Difference Vegetation

Index ; NDVI) #<& 7|Wo 2 &3kt

NDVI Poir ~Fret 4)

rlr
N
N
Y
=
=
(@)Y
=
b
(e}
(o))
N
=
g
W,

‘?4 /;}O]]/K-] pred9’]' Pnir E-Zj"g’)‘\:]‘(o85 ~ 0.88
pm) Tiele] AN Qe ~MEY WAE ZAZS YEpaT
=

a
AZE zzboie) X9 % WskEY A4 > §2 AA)E WRF mdlo] 4§



X5 WRF E¥°] GEOGRIDY| wjAIZbE A &3ttt olw Z7ttie] s 33t
A8l LANDMASKE &l SA2, EXvEL 7|EY Y EAAE
(water bodies; WB)Ol A dWtd o= ZItt)e} 714 FASE EX T E O 2 ALE-5

+ herbaceous wetland (HW

fu
+r
o
Qlt
30
X
A
=

®
2.
S
—_
2
B
IS
i
o
+r
o
it

GEOGRIDE ©| 834 20200d 7€ 1¥ 00 UTCHE 7€ 99 00 UTC7HA] 1A%t
BALE WRF E2S d&doz 33500 oW, WRF 222 spin-up A3t

A& Wiyt Agd 7138E CMAQ Rl A &3t CMAQ =Y &3
WRF mde] 48] 7]k} S2ko] 2020 7€ 1% 00 UTCHE 7€ 9

W EF 4Hg A3, wj &2 Isoperene (ISOP)Y 7% TIDE A3 oA CIR
ol ¥l HH 0.00003 moles s? (0.02%) <FF =olx #HS HPoy, NO
(Nitric Oxide)¢} CO (Carbon monoxide)2] 7-¢- ZtZF ¥4 -0.000002 moles s™
(- 0.0004%), -0.000004 moles s (- 0.0006%)e] #o= A@W o7} =A
EhpA] gttt mEkA TIDESH CTRL A3 3He] ti7ledE&d 559 Aol= Hj
=T AolHn AIRPE xT o] EX Y& WEte] o|g 7o Wyt Fd F
golgtal B3t A
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A 3FA A L aF

31. AP zd EXVE #H3e fE £83 54 W3

B AFolAe AE 20U EXSE WstE Hu FgetA =Sty 9
3 thr)-sfk 2% =9 WET DRY =E3 Landsat-8 OLI 914 94-& AL-&3}
Ak oW, th7]-si < AFmdoA = AE 23 Ex] FAEEE A
Hog HFst7] f3l ZF(WRF-ROMS; Coupled) ¥ TY(ROMS; Uncoupled)
2dlof oa mojH SSTS sil4H Fo| HALE Z42be] Fo] #ZF4(ICP, TAP)S}

=9 #ZF4A(ICT, SDT, YHT, DST)®] #Z%k3} vl w st th(Figs. 4~5, Table 2).

#=3Ee] SSTF Coupled®t Uncoupled®] SST =2 ¢k vla A¥, ICP A H o
A= Coupled E&9] SST ko] 205 ~ 24.9TC <] W E, Uncoupled & o] 20.0
~ 237C4 HWHE EAR, TAP AFANAE Coupled EZOIA 16.0 ~ 20.7C,
Uncoupled E&o|A 17.7 ~ 219TC 2] & 2 Coupled Zo| 7 A3 &

H

22211 ~ 231T (ICP), 168 ~ 193T (TAP))ol tls] A2 717te Ades B
Aok B3 29 BZio|A BSE AFU AE WAF2 FPE AFHE
EEXZ -431.0(HA) ~ +404.0 cm (H3) HLAE E I} Coupled®t Uncoupled
48 Zt7h -4799 ~ +5283 cm, -4905 ~ +5355cm W99 W HWAE B
Rom, F RAZ mF AZHPERG F Fo] yehtes AFS EAAR
Coupled ®E@Zto] Uncoupled EEFET #ZZkol 77k HHE BT ol+

W7l AEzrgol o) AME SST/F sw WA A Gl TS
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30T ICP : : : : o  OBS
ROMS
27 4 —— Coupled

18 A
15 ' ) L] L] L)
7/4 7/5 7/6 717 7/8
30 T
TAP
274
244

Sea surface temperature (°C) Sea surface temperature (°C)

7/4 7/5 /6 rT 7/8
Time (day)

Fig. 4. Time series plot of the observed and model-simulated sea surface
temperature (SST) at two buoy sites (ICP and TAP, Fig. 2) for the coupled
(WRF-ROMS) and uncoupled (ROMS) models throughout the simulation
period (July 4-8, 2020).
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Fig. 5. Time series plot of the observed and model-simulated sea surface
height (SSH) anomaly at four tidal stations (ICT, SDT, YHT and DST, Fig. 2)
for the coupled (WRF-ROMS) and uncoupled (ROMS) models throughout the

simulation period (July 4-8, 2020).

Table 25 Z9#Z4 2 A9 Coupled®} Uncoupled®] SSTe} 3+ H=xb
2 A7 Z(I0A, RMSE, MBE)2 et Coupled 22| SST I0AE

2
4
rok

E2E AHANA 074 ©]FSZ Uncoupled®] [I0AETE &2 Fs HIPowH,
Coupled B2 9] 3™ HAF I0OA X3 097 ©]4 S = Uncoupled BTt A4
2o e BEon, FAdd I0A FXE YE Y. RMSEE Coupled =X
oA Z+zF 090 ~ 091TC, 62 ~ 85 cm =, Uncoupled (1.2 ~ 1.7C, 63 ~ 87 cm)
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Table 2. Statistical evaluation of the sea surface height (SSH) and sea surface
temperature (SST) between the observed and model-simulated values for the
coupled and uncoupled models: results compared at four tidal stations (ICT,
SDT, YHT, and DST, Fig. 2) and two buoy sites (ICP and TAP, Fig. 2)
throughout the study period (July 4-8, 2020).

Variable Site Coupled model Uncoupled model?
I0A®? RMSE® MBE*® I0A RMSE MBE
SSH (cm) Incheon (ICT) 0.98 81.34 2.73 0.97 84.62 5.15
Songdo (SDT) 0.98 77.85 0.99 0.98 80.88 3.59
Yeongheong-do (YHT) 0.99 61.82 5.64 0.98 63.24 4.54
Daesan (DST) 0.97 85.13 2.69 0.97 86.84 2.82
SST (°C)  Incheon-Port (ICP) 0.74 0.91 0.37 0.51 1.24 -1.15
Taean-Port (TAP) 0.78 0.90 0.57 0.49 1.75 1.62

* IOA: index of agreement.

® RMSE: root mean square error.

¢ MBE: mean bias error.

4 This means the results simulated without the consideration of

atmosphere-ocean coupling.

Fig. 62 ti7]-s]%F A% wdst 9149 AR ARste] 42 200 Ao
W E1hs) wxs)l 1k2 Landsat$ OLI $14 oM A&

o
oo
o

S A7 ek B 9F 1,090 km’E U
=]

H, 7tz Al Skl A AgE 9 32 kmE 949430 km)H
ARt o2 ¥d FAE B AES 2300 BEo} YA olnAY 23t
B2 E vug A3, AFE 200 BWy 227 QAR ket vz A
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Fig. 6. Temporal and spatial changes in (a) the intertidal zone adjusted using a coupled atmosphere-ocean model and satellite

images from high to low tides (20 LST on July 5-05 LST on July 6, 2020) and (b) the intertidal zone captured by Landsate-8
OLI satellite images at high and low tides.
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Table 3. Summary of land surface parameters (albedo, soil moisture, and
surface roughness length) of two land-use categories (water bodies (WB) and
herbaceous wetland (HW)) in the intertidal zone, at Songdo (SD) and

Yeongheung-do (YH) sites, comparing the TIDE and CTRL simulations.

Albedo Soil moisture Surface roughness
(m* m?) length (m)
CTRL TIDE CTRL TIDE CTRL TIDE
WB 0.08 0.8 1.0 1.0 <0.001  <0.001
HW 0.19°(0.23/0.15)¢ 0.05°(0.05/0.04)¢ 0.12%(0.12/0.
- 0.18°(0.23/0.14 <0.001°(<0.001/<0.001)¢ 0.12°(0.12/0.

a

Values represent the average across all grids corresponding to the
time-varying land cover of the intertidal zone during the study period (July
4-8, 2020).

 Values represent the respective averages for two intertidal sites (SD and
YH) during the study period (July 4-8, 2020).

¢ The values in parenthesis represent the daytime and nighttime averages of
land surface parameters (albedo, soil moisture, and surface roughness length)

due to the time-varying land cover of the intertidal zone (WB — HW).
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AT717H20200d 7€ 4€~72 8Y) T 870 71 #=4(SD, YH, IC, GH, SS,
SW, SL, DD)E o2 74847, dulsE, $4)2 TIDE ¥ CTRL 2 ¥
_]

km ol 91X 370 A sy AFH(IC, GH, SS), 71 ¢ 378 A HF
A (SW, SL, DD)e.2 EF3Ath A771z B¢t 2 @xfol thste] F3ta} of
Zholl Z7bl7t AUlR Seg AZR ke AAD Wel Aed HHor mA
SFAT.

Fig. 72 230t AAlA 9 71daa9 AALE, Figs. 8~102 37t B o
5 Aol 71 ase) AAlde UEdY. 71384 AAdE B, AN

= TSAHA CIRL A& vls] TIDE AdolA =3l o 717t

7F o T3 UEbRTh olg 3 atele 23U EXIE WSt Qs 1x
A AxHE =g WgT 3A WEshr] ee®E AARHTHWB — HW, Table 3

S5 TIDE 234 dA=Z F3+e 7]
2 s 2 AUEE U4 Y F oo, 53] 1tz AV ®mef Fg
oA B 203C (AW 28.3C), YH AFNA B« 197C (AW 27.1TC)= CTRL
(SD AA B+ 195T (Hdh 2217C), YH A H+ 19.6C (227C) Rt £
S Hol #ZZEGD AH H 224CT (Hd 27.3TC), YH AH B+ 215C (25.
9T © 7 5SS HYU(Fig. 7(a)). =3 TIDE Age AulsEE SD
Al A H 87.3% (HA 422%), YH AHNA BFH 91.4% (HA 53.7%)2 #*
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S =2, CTRLY] SD&F YH A He] AulE=(H 93.6% (H4& 805%), H 93.6%
(A4 805%)ETt #ZZHSD AN Bt 83.9% (H4 58.2%), YH A3 ol A
B 86.0% (66.7%))°l B &HT EHES BATHFig. 7(b). BE e € WE
Ao 7|23 AuiEE =3 TIDE AdolA CIRL ARt e FX& B
Rov EX I Fo] WalA grol X3kt A W] A2 HAE B ATh(Figs.

Z4o CTRL ¥ TIDE A% 2% #Egng sone @ Ade ngoy
TIDE A& AE Ad4ol o =7 LEdthFg 7(c), Fig 10). 9 =@, =3

) A<l SD A H e i F5L TIDE AFoA 26 m s, CTRL A4 2.9
m s'2 UEg o, YH AHe HF F45& TIDE 2 CTRL A@olA 2tz 25

s', 26 m s'2 Yel} TIDE Aol #Z#(HET 22 m s' (SD), 24 m s’
(YH)ol © 7M7he FX& Bk a2
23 m sH)olA CTRL A (HT 25 m sH)RT} AAFHoz T4 Hume] A&
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Fig. 7. Time series plot of the observed and model-simulated meteorological

variables ((a) air temperature, (b) relative humidity, and (c) wind speed) at

Fig. 2), located in the intertidal area, in

two meteorological sites (SD and YH,

(July 4-8,

simulations throughout the simulation period

the TIDE and CTRL

Black dotted line in the figures indicate low tide during the simulation

2020).
period.
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Fig. 8. Time series plot of the observed and model-simulated air temperature at (a) three meteorological sites (IC, SG, and

SS, Fig. 2), located in costal areas and (b) the other three sites (SW, SL, and DD, Fig. 2), located in inland areas, for the

Black dotted line indicate low tide times

, 2020).

4-8

July

(

TIDE and CTRL simulations throughout the simulation period

throughout the simulation period.
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Fig. 9. Same as Fig. 8 except for relative humidity.
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Fig. 10. Same as Fig. 8 except for wind speed.
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Fig. 11. Spatial distributions of the differences in air temperature between
TIDE and CTRL simulations (TIDE minus CIRL) at low and high tides
during the day and night of the simulation period (July 4-8, 2020). The dotted

contour lines represent the area of the intertidal zone at low tide.
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Table 4. Contributions (%) of time-varying land cover in the intertidal zone to
meteorological conditions (air temperature (Temp), relative humidity (RH), and
wind speed (WS)) in the intertidal and inland areas in the 1 km model

domain (D4) during the study period (July 4-8, 2020).

Low tide during the day = High tide during the day Low tide at night High tide at night

Temp 24.8/3.4% —0.8/-2.2 -9.9/-1.6 -1.0/0.2
RH -27.1/-9.0 -1.1/-1.0 4.7/-13 1.0/~1.6
WS 6.0/~19.5 4.0/-0.8 —34.0/1.7 —2.4/2.5

® Intertidal zone/Inland area.

717 FARRY i AFH HFS AAE] FRIsh] HE, BE 713 HSA
Ao A =dga #Z53E Alole] FAZ(0A, RMSE, MBE) #41& F3st3dth
(Table 5). ArAo=® RE {ZAFAA CTRL AP (RMSE: 21T (7]12), 11.0%
(dE%), 1.3 m s’ (F£))d ¥§] TIDE 438(0C, 10.0%, 1.1 m s)o] #Z%k
o o 7hE &S BT 53] TIDEAIA S =3t A W& AR o
< 7R e4s Bo AR M BEAsH, 71484 e] H RMSE A
(CTRL - TIDE) A& E¥H 23] AZ A 2+2F 039T (712), 1.38% (&Hh

Hir

&E), 013 m s (FE)E S 2 ulE (22 0.05C, 0.83%, 018 m sh)H
oo 2 g Hel BEge 9xvh o ol AMHUSE Bl TIDE
Ao 10A =3 =3 -2 019 ~ 0.25C, 018 ~ 0.22%, 0.08 ~ 0.12 m

to

shHoll A siek7k 2 W& AAH(0.01 ~ 0.05C, 0.01 ~ 0.08%, <0.001 ~ 0.09 m s?)
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Table 5. Statistical evaluation of meteorological variables (air temperature,
relative humidity, and wind speed) between observed and model-predicted

values in TIDE and CTRL simulations during the study period (July 4-8,

2020).
Air temperature (Temp, °C) Relative humidity (RH, %) Wind speed (WS, m s!)
Site I0A* RMSEP MBE® I0A* RMSE® MBE® I0OA* RMSEP? MBE®
Intertidal site
Songdo CTRL 0.49 3.46 -2.86 0.52 13.51 10.46 0.66 1.41 0.67
(SD) TIDE 0.74 2.89 -2.07 0.74 12.14 3.75 0.78 1.22 0.37
Yeongheong-do CTRL 0.53 2.56 -1.90 0.56 11.56 7.58 0.63 1.44 0.19
(YH) TIDE 0.72 2.35 -1.81 0.74 10.17 5.79 0.71 1.38 0.11

Coastal site

Incheon CTRL 0.86 151  -080 0.80 998  -1.65 060 147  1.08
(IC) TIDE 087 187  -082 086 1058 -2.57 069 134 071
Ganghwa CTRL 0.89 170  -1.13 085 892  -0.26 076 123 081
(GH) TIDE 090 176  -135 (091 7.87  -0.34 078 098 051
Seosan CTRL 090 187  -1.04 1092 835  4.94 070 099 062
(SS) TIDE 095 145  -1.00 093 821  2.30 076 086 040

Inland site

Suwon CTRL 0.85 234  -173 085 1001 4.8 078 101 048
(SW) TIDE 090 208  -1.74 090 858  1.70 082 088 021
Seoul CTRL 090 172 -088 079 1144 -334 045 213 182
(SL) TIDE 091 176  -108 087 1021 -2.22 051 183 144
Dongducheon ~CTRL 096 115 -0.10 076 1491 -11.71 |0.57 148 102
(DD) TIDE 097 109  -024 082 1336 -1049 1061 126  1.02
Al sites CTRL 0.86 212 -133 083 1101 143 081 128 0.8

TIDE 090 196  -128 089 995  0.02 085 113 051

* IOA: index of agreement.
® RMSE: root mean square error.

¢ MBE: mean bias error.
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Fig. 20. Spatial distributions of the PMy in the TIDE and CTRL simulations, and differences in PMjy, between TIDE and
CTRL simulations (TIDE minus CTRL) at low tide during the day and night of the simulation period (July 4-8, 2020). The

dotted contour lines represent the area of the intertidal zone at low tide.
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Fig. 25. Spatial distributions of the Os in the TIDE and CTRL simulations, and differences in Os;, between TIDE and CTRL
simulations (TIDE minus CTRL) at low tide during the day and night of the simulation period (July 4-8, 2020). The dotted

contour lines represent the area of the intertidal zone at low tide.
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Table 6. Contributions (%) of time-varying land cover in the intertidal zone to
air quality (PMip, PMzs, and Os) in the intertidal and inland areas in the 1
km model domain (D4) during the study period (July 4-8, 2020).

Low tide during the day = High tide during the day Low tide at night High tide at night

PMiy -36.4/-14.1* -21.3/4.2 2.2/5.6 —-15.3/-9.7
PMys —21.4/-10.7 —-11.6/8.8 25.9/15.9 -5.9/-13
0s 16.8/16.2 60.4/35.5 35.9/71.5 8.9/11.8

® Intertidal zone/Inland area.

2o 7bsk thr1d #S A olA A4k FA 2 (I0A, RMSE,
MBE) B4& Ru, nE AHoA 7|8 2d=A9 EAF 3= CTRLET
TIDE d3lA #Zgol H 77k & EAtH(Table 7). TIDE A& 2] I0A
= 2+t 0.6(PMy), 0.5(PMy5), 0.9(05)Z CTRLS] %<l 05, 04, 0.8RT =& e
Hom, RMSE %3t 88 ng m>, 9.2 ug m>, 10.4 ppbZ CTRL (10.9 ug m>,
9.0 ug m?, 15.6 ppb) Bt} ¥ AU e gS Bt PMy} PM,s] MBEE
REEe AGoA FARy} Fhdte AFS BAoH, 0;2 EE A YA

I A
EXNAE WMstE 1#ste] 74 AR ATt FHENT] ELE AR
Hth TIDE A& l4 RMSE®| 74 WMe= Xt} 717ko]l HAI1g s et7t A A
0.69 ~ 7.63 ng m™ (PMyg), 0.99 ~ 3.72 ng m® (PMas), 2.94 ~ 9.36 ppb (O3))°l
A W& AH-(-096 ~ 3.18 ng m>, -026 ~ 2.7 ug m>, 2.39 ~ 6.81 ppb)E T}

A vebged, ol 230U d2oA 7184 Jidel AA dEEr] Wi
o7 Atm®th webA A A FA 7| B tir1AE HEsHA 2]
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Table 7. Statistical evaluation of air quality (PMi, PM,s5, and Os) between

observed and model-predicted values in TIDE and CTRL simulations during

the study period (July 4-8, 2020).

PMio (g m”) PMa s (ug m”) O; (ppb)
Site IOA* RMSE® MBE® IOA* RMSE® MBE® IOA* RMSE® MBE®
Costal site
Shinhung CTRL 0.19 1778 542 0.17 11.15 1.56 0.57 2589 -18.62
(SH) TIDE 0.52 10.15  -0.22 045 7.43 0.83 0.68 1920 -11.20
Gilsang CTRL 0.27 1519 4.23 0.35 9.06 -0.09 0.55 23.55 -21.66
(GS) TIDE 0.41 10.88  3.95 049  6.98 0.10 0.71 14.19  -10.93
Dongmundong CTRL 0.51 14.39 -6.73 047 9.05 -5.69 0.57 16.93 -12.26
(DM) TIDE 0.44 1370  -5.81 048 8.06 -5.42 0.65 1399 -10.43
Inland site
Gosaek-dong CTRL 0.42 1528  -3.67 026 8.81 1.26 0.63 2567 -21.13
(GK) TIDE 0.66 12.10 -1.04 0.68 6.11 2.18 0.73 18.86  -13.30
Junggu CTRL 047 11.65 5.46 043  7.97 -3.22 0.55 27.32  -24.78
JG) TIDE 0.53 12.61 7.23 049  7.99 -2.59 0.66 20.69 -18.60
Bosan-dong CTRL 0.52 1026  0.32 047 9.13 -5.48 0.87 11.58 -7.13
(BS) TIDE 0.54  8.99 1.33 049 9.39 -5.64 0.90 9.19 0.17
All sites CTRL 0.45 10.86  0.54 043 9.01 -4.54 0.78 15,60  -10.35
TIDE 0.55 8.77 0.71 0.50 9.16 -5.29 0.87 1035 -2.29

* IOA: index of agreement.

® RMSE: root mean square error.

¢ MBE: mean bias error.
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Abstract

In this study, the effect of time-varying land cover within the intertidal
zone on meteorological predictions and air quality was evaluated on the west
coast of South Korea during the summer of 2020 (July 4-8). Time-varying
spatial distributions of the intertidal zone were generated using a coupled
atmosphere-ocean model and Landsat-8 satellite data. Simulations were
conducted under two land cover conditions: using time-varying (referred to as
TIDE) and fixed land cover (referred to as CTRL) within the intertidal zone.
The results showed that the significant increase in Temp (average +6.2 T)
and planetary boundary layer height (PBLH; average +576 m) and decrease in
RH (-29%) within the intertidal zone occurred during low tide in the daytime.
Conversely, during nighttime, the Temp decreased by an average of -1.6 C
and the RH increased by +1.4%. Furthermore, the nighttime WS exhibited the
most significant decrease (average -1.3 m s'), mainly due to an increase in
surface roughness length, and daytime WS exhibited the moderate increase
(03 m s"), due to an intensified Temp gradient between the intertidal zone

and the open sea. These meteorological changes had implications for air
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pollution concentrations, including PMi, PM,s5, and ozone (O;). At low tide
during the daytime, the decrease in PMj, (average -10.8 pg m”) and PM,s
(-39 ng m®) concentrations is attributed to the increase in PBLH and WS,
leading to increase in vertical and horizontal diffusion. Conversely, the
decrease in RH and WS during the nighttime contributed to increased the
PM;y (0.2 ug m®) and PM,s (1.4 pg m”) concentrations. The O; concentration
increased both day and nighttime, distinguished from the PM;y and PM;s.
This increase might be attributed to enhanced photoreactions of O; (4.6 ppb
(day), 2.3 ppb (night)) due to increased Temp during the daytime and
maintained the increase in concentration at the daytime during the nighttime.
This study suggests the meaningful influence of land cover changes within

the intertidal zone on meteorological and air quality conditions.
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