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Abstract

To investigate the relationship between climate change and ozone (O3) concentrations in Seoul and Busan, we analyzed high
O; episodes during an exceptional heatwave in the summer of 2018, which lasted over 17 days in South Korea. The observed
O; concentrations during the heatwave period were compared to those from non-heatwave periods. We utilized the online
WRF-Chem model to simulate concentrations of ozone, nitrogen dioxide (NO,), and volatile organic compounds (VOCs) for
the study period, examining differences in their correlations with temperature between heatwave and non-heatwave periods.
Additionally, we used OMI data from NASA's Aura satellite to derive formaldehyde (HCHO) column densities over Seoul and
Busan and analyze the temperature-HCHO relationships. Our findings reveal that during the 2018 heatwave, WRF-Chem
modeling demonstrated a notable correlation between HCHO concentrations and temperature (R = 0.66-0.68), with more
pronounced diurnal variations and higher peak concentrations during the heatwave period. This is attributed to
temperature-sensitive biogenic VOCs, which significantly influence HCHO production through chemical reactions.
Furthermore, the increase in HCHO concentrations in both Seoul and Busan was found to be exponential rather than linear with
rising temperatures. The OMI satellite measurements also confirmed a strong temperature-HCHO dependency over both
regions. The high correlation between HCHO and temperature, which can also be monitored through satellite observations,
suggests that HCHO could serve as a major factor for evaluations of climate penalty in the quantifying emissions linked to
anthropogenic and biological activities under changing climate conditions, even in the absence of ground measurements of
various VOC components over the two areas.
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VOC) 2 W7 F 443t e Zd(OH) 2 dAksta4- 2t
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= Y A 17} oF 5~108] 7ok Ao R S
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Table 1. Summary of model domain, physical and chemical options used in model simulations in this study

WRF model domain

Horizontal resolution
Horizontal grid
Vertical layer

Running time

27km(D01), 9km(D02), 3km(D03)
175 x 127(D01), 97 x 136(D02), 196 x 214(D03)
29
2018/06/30 ~ 2018/09/01

WREF option
Microphysics Lin et al. scheme
Longwave radiation RRTM Longwave radiation
Shortwave radiation Goddard Shortwave Scheme
Planetary boundary layer YSU(Yonsei University Scheme)
Cumulus parameterization Grell 3D Ensemble Scheme
Land surface Revised MM5 scheme
Surface layer Unified Noah Land Surface Model
Chem option

Photolysis
Gas-phase chemistry
Aerosols
Anthropogenic emissions

Biogenic emissions

Madronich photolysis (TUV)
NOAA/ESRL RACM
MADE-VBS
KORUSv5 (KORUS-AQ 2016
MEGAN version 2.04
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Fig. 1. Model domains and locations of AQMS and ASOS stations in Seoul and Busan used in the study.
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Fig. 2. Annual variations of heatwave day occurrences in (a) Seoul and © Busan respectively, and heatwave
frequencies in (b) Seoul and (d) Busan during the three monthly based 17-year sub-divided periods over 51 years.
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of Os advisory level based on 1-hour average ozone concentration exceeding 0.12ppm.
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Fig. 5. Observed and simulated temperature, wind speed, and precipitation in (a) Seoul and (b) Busan. Heatwave
days with a max temperature exceeding 33 C, indicated in red areas.
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