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Abstract Accurate representation of precursor emissions and photochemical processes is essential for improving ozone
(0s) simulations in air quality models. In this study, we incorporated a wide range of observational constraints and photolysis
rates derived from model calculations that reflect real atmospheric conditions to enhance O3 simulations using a box model.
However, despite the inclusion of these comprehensive observational inputs, the model exhibited limitations in reproducing
observed O; concentrations accurately. To address this issue, a nudging-based data assimilation technique was applied to
optimize precursor influx - including both transport and emissions - while maintaining the physical and chemical consistency
of the model for subsequent applications, such as sensitivity analysis. When using the original emission inventory, nitrogen
oxides (NOx), toluene, formaldehyde (HCHO), and other precursors were overestimated, whereas the carbon monoxide (CO),
sulfur dioxide (SO,), and isoprene were underestimated. However, the assimilated influxes reduced these discrepancies.
Additionally, diurnal variation analysis revealed that the assimilated influxes better captured time-dependent emission
characteristics and statistical analysis indicated that the correlation coefficient between the observed and modeled results
significantly improved, both demonstrating the enhanced capability of the assimilated influxes to capture observed trends.
These improvements in precursor representation ultimately led to a more accurate simulation of O3, both in terms of absolute
concentrations and temporal variations. The results emphasize the importance of integrating reliable observational
constraints and data assimilation techniques in air quality modeling to achieve more reliable predictions of O; and its
precursors, which are crucial for the development of effective air pollution control strategies.
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Fig. 1. Location of the Olympic Park site (37.52°N, 127.12°E) during the KORUS-AQ 2016 campaign.
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Table 1. Summary of the parameters utilized in BOXMOX model.
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Input

Parameters

05, NOx, €O, SO,
HONO, H,0,

Initial concentration
HCHO, HNO3, toluene, xylene

Isoprene, PAR (n-butane + propane)

KRISS?

HUFS®

SIHE®

Air pollution monitoring network

) PBL height Ceilometer at Jungnang-gu
Environment .
Temperature AWS at Olympic Park
Emissions KORUSV5

Calculated using measured COD and AOD data from Tropospheric Ultraviolet and Visible (TUV)

radiation model
COD (Cloud Optical Depth)
AOD (Aerosol Optical Depth)

Photolysis rates

Aqua/Terra MODIS data
Aqua/Terra MODIS data

Calculated using measured total number concentrations of aerosol and PM,, concentrations

Aerosol X .
Aerosol size distribution 10.6 nm~18.5 um
Background Default
Deposition Default
. CBO5TUCI 107 species (Aerosol = 24; Gas = 83)
Mechanism

(With additional HO, aerosol surface scavenging)

199 reactions

#Korea Research Institute of Standards and Science
PHankuk University of Foreign Studies
“Seoul Research Institute of Public Health and Environment

Al A= HO,
2toze] g2 F7H e 2 1853t HO, it 2
2 7] SollA 523 AekA= 285, NO 2
NO,2t0| g5 Foff difd && 84S f=ch=
HAFEd=2 deA Stk (Bedjanian et al,, 2013). 718
U HO,= ooz &0 9] S48 HEE- (hetero-
geneous reaction)< 3ol A71E 4= gloH, o]= tf7]
S HO, s=9} Fafet kg w7y Fol &= vA
AvAor oF Ao Fa% AES 3k (Kohno
et al., 2022; Song et al., 2022; Huijnen et al., 2014). &

5], Kohno et al. (2022)9] 4o k2, ofjo]2 &
AN dofii= HO, A7 RE-go= Qs & A
AES oF 20% ASHA7= Ao= B7hE . uet
A & AFoME ollolzE EHAIA Y HO, =HHZ
o] AAES Hrt HUsHA ¥tgdstr] £l Scanning
Mobility Particle Sizer (SMPS) H|2 =¥ 4z} 4=

Ik ZtmE o853l ol & Foll AR & AR
& 59t A= 5 oA Surface Area Density (SAD)

Arzslieh 1 7S mdl ¢leo 2 vradslelnh &
g, CBOSTUCL HAYZ] ool mH oA <]
HO, 22 A7|& (YHO,)= F7FSkAL Li et al.
(2019)°l14 AAIRE 022 AA5FALY o= H027]- q
olRE A} ZE= A HFIEHo R AAE FEL
et gto g, 0 F HALS] HELE A 7]7] 9
StFask g a4=2 S8t

2 AolA AHEEE BlE AHE+= KORUS-AQ &
2 7= A9|91.S 2|57 $14]) HEHE KORUSYS <l
&2, 5] 219 9] AR} sl d Ea= 3 km, OFAJoF A
12 Q192 HiEde 7o s AAE .

HIE 2]= CREATE (Comprehensive Regional

mlm 4

—=

Emissions inventory for Atmospheric Transport Exper-
iment)E HI 2 S}, 2H-2 Clean Air Policy Sup-
port System (CAPSS) H|& QIHIEZ]E Ftolo] 1=
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Table 3. Comparison of correlation coefficients (R-value) between the observation variables and model simulations.

Type Dataset O3 NOx co SO, HONO Isoprene Toluene Xylene HCHO PAR
Total Obs. vs. Base 0.71 0.22 0.52 0.47 0.25 0.17 0.25 0.42 0.17 0.33
Obs. vs. Assim. 0.86 0.85 0.83 0.88 0.87 0.26 0.74 0.65 0.41 0.77
Rain Obs. vs. Base 0.59 0.21 0.39 0.57 -0.04 -0.11 0.12 0.16 0.41 0.18
Obs. vs. Assim. 0.63 0.84 0.85 0.86 0.83 0.22 0.68 0.65 0.58 0.63
Non-rain Obs. vs. Base 0.73 0.32 0.56 0.37 0.34 0.20 0.38 0.50 0.20 0.37
Obs. vs. Assim. 0.90 0.83 0.81 0.87 0.87 0.28 0.75 0.66 0.40 0.78
Da Obs. vs. Base 0.71 0.33 0.44 0.49 0.28 0.06 0.33 0.44 0.17 0.07
4 Obs. vs. Assim. 0.82 0.85 0.84 0.91 0.80 0.18 0.75 0.67 0.44 0.73
Night Obs. vs. Base 0.37 0.03 0.52 0.54 0.32 0.37 0.13 0.28 0.17 0.17
9 Obs. vs. Assim. 0.79 0.85 0.81 0.89 0.87 0.43 0.75 0.63 0.43 0.43
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