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Analysis of the Relationship between Local Circulation Patterns
and Ground-Level Ozone Concentrations in Chungcheongnam-do
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Abstract Ground-level ozone concentration in Chungcheongnam-do has consistently increased, frequently exceeding the
Korea Ambient Air Quality Standards (KAAQS). While previous studies have primarily examined the relationship between ozone
concentrations and anthropogenic precursor emissions, as well as regulatory measures aimed at reducing those concentrations,
the influence of local circulation patterns, particularly the sea breeze, has received limited attention in the region. This study aims
to investigate the relationship between local circulation patterns and ground-level ozone concentrations in Chungcheongnam-
do, addressing a gap in understanding local ozone air quality. We analyzed the summer months from May to September in 2021,
during which the highest ground-level ozone concentrations were recorded across the 1989~2022 period. Three local circulation
patterns were classified based on criteria suggested using routine meteorological measurements at a coastal site: sea-breeze
days, southerly non-sea-breeze days, and northerly non-sea-breeze days. Among these, sea-breeze days occurred on 26.8% of
non-precipitation days during the analysis period, while southerly and northerly non-sea-breeze days accounted for 29.4% and
30.7%, respectively. Sea-breeze days in Chungcheongnam-do exhibited the largest diurnal ozone variation and highest peak
concentrations, reaching up to 66 ppb in the cluster mean concentrations, which is substantially greater than other local
circulation clusters. Analysis of 14 air quality monitoring stations in Chungcheongnam-do revealed that sea-breeze days
exhibited the highest median MDA8 ozone concentration (64 ppb) and exceedance rate (63%) relative to southerly and northerly
clusters, surpassing the KAAQS threshold up to 1.8 times more frequently. The strong association between sea breezes and
ground-level ozone concentrations underscores the importance of incorporating local circulation patterns into the inter-
pretation of ozone air quality in Chungcheongnam-do, and highlights the need for future research into the mechanisms by
which these patterns regulate ozone concentrations. These findings suggest that future air quality assessments and policy
frameworks should account for the dynamic role of sea breeze circulation in shaping ozone distributions at the local scale.
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Fig. 1. Locations of meteorological measurement sites (ASOS:
solid triangles, AWS: open triangles, Buoy: diamond) and air
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Boryeong meteorological measurement site and the buoy sta-
tion is located at Oeyeondo.
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Fig. 2. Flowchart for classifying local circulation patterns into sea-breeze days, southerly non-sea-breeze days, and northerly
non-sea-breeze days in Chungcheongnam-do (Modified from Lim and Lee, 2019). Daytime hours are defined as 09~18 LST, and
nighttime hours include both early morning (00~08 LST) and evening (17~23 LST) periods.
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Table 1. Occurrence frequencies of local circulation patterns in Chungcheongnam-do during the period of May to September

in 2021.
Precipitation days Sea-breeze days Southerly Northerly Total
non-sea-breeze days non-sea-breeze days
20 41 45 47 153
(13.1%) (26.8%) (29.4%) (30.7%) (100%)
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northerly non-sea-breeze days. Mean concentrations were calculated using all days except those with precipitation.
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