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Abstract

To analyze the altitude-dependent diurnal and nocturnal variations of ozone, four ozonesonde soundings were
conducted in Ulsan on January 29-30, 2024. Ozonesonde measurements reveal a distinct diurnal variation in ozone within
the planetary boundary layer (below 1 km) with daytime ozone concentrations around 0.06 ppm, dropping to around 0.03
ppm in early evening. In the free troposphere, ozone exhibited weak diurnal variations, except for a notable nighttime
enhancement of 0.01 ppm or more above 1 km on January 30. Meterological factors were found to be less relevant in
affecting the observed ozone enhancement. Meterological conditions, such as temperature, precipitation, and wind
fields, were similar during the ozonesonde launches. Surface wind speeds were very low, suggesting minimal horizontal
transport of ozone and its precursors from upwind regions. In this study, global (WACCM) and regional-scale (WRF-Chem)
atmospheric chemical transport models were employed to link the observed ozone variations with the underlying
dynamical and chemical factors as well as evaluate the consistency between simulation and observation. The global scale
WACCM simulations indicate a higher contribution of stratospheric ozone intrusion to lower tropospheric ozone on
January 30 than on January 29. The regional-scale WRF simulations well represent the vertical distribution of ozone on
January 29, but exhibited a higher degree of uncertainty on January 30, highlighting the impact of stratospheric ozone on
lower tropospheric air quality predictions. Continuous and more precise observations of the vertical distribution of ozone
are expected to contribute significantly to air quality forecasting and studies utilizing ozone profile data.
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Fig. 1. (a) Locations of two meteorological observation sites (ASOS and AWS), an air quality measurement site (AQMS), and
an ozonesonde launch site. (b) The stadium at UNIST where the ozonesondes were launched (Left) and the ground
receiving system (Right). (c) Trajectories of four launched ozonesonde balloons.
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Fig. 2. WRF-Chem model domains with spatial distribution of PM; 5 emissions used in this study.

Table 1. Summary of physical and chemical schemes used in WRF-Chem simulation

Meteorological

NCEP/FNL 0.25° x 0.25°reanalysis data

IC & BC
Microphysics Lin et al.
Longwave radiation RRTM
Shortwave radiation Goddard
Phy'swal Surface layer Monin-Obukhovsimilarity
options
Land surface Unified Noah Land surface model
Planetary boundary layer YSU
Cumulus parameterizations Grell3D ensemble
Gas phase NOAA/ESRL RACM
Chemical mechanisms
Aerosols MADE/VBS
Anthropogenic ASIA-AQ v3.0
Emissions
Biogenic MEGAN v.2.04
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Fig. 3. Vertical distributions of ozone concentrations measured by four ozonesonde launches conducted from January 29 to 30,
2024. (Top) O; partial columns from the surface up to the balloon bursting altitude (~ 30 km). (Bottom) O3 mixing

ratios in the lower troposphere below 5 km.
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