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Abstract  This study investigated the transport characteristics and potential source regions of nitrogen dioxide (NO,) in
Yeosu, a coastal industrial city in South Korea, using five years (2020~2024) of ground-based air quality observations. Uniform
Manifold Approximation and Projection (UMAP) and K-Means clustering were applied to major air pollutant concentrations to

identify four pollution clusters (Clusters 0~3), while associated meteorological conditions were examined separately.
Backward trajectories (48 h, 500 m) were calculated using the Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) model, and cluster-specific Concentration Weighted Trajectory (CWT) and Potential Source Contribution Function
(PSCF) analyses were conducted. The results revealed that the mean NO, concentration in the high-pollution cluster (Cluster
3) was approximately 2.6 times higher than that in the low-pollution cluster (Cluster 2). Cluster 3 was primarily associated with
wintertime northwesterly continental airflows and atmospheric stagnation, with potential source regions identified over the

central Yellow Sea and eastern China. In contrast, Cluster

2 was dominated by summertime marine air masses and high

precipitation, indicating limited long-range influence. Cluster 0 and 1 represented intermediate or transitional states
characterized by particulate matter-dominant patterns and active photochemistry, respectively. This integrated approach
demonstrates the critical importance of cluster-specific analysis in deciphering the complex transport dynamics of NO, within

coastal industrial regions.
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Fig. 1. (a) Daily mean NO, concentration and 30-day moving average in Yeosu during 2020~2024. (b) Monthly count of high
NO, days defined as the top 10% (overall 90th percentile, threshold =0.023 ppm), classified by season.
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Fig. 3. Boxplots of major air pollutant concentrations across UMAP-K-Means clusters in Yeosu from 2020 to 2024. Shown are
PM, 5, PM;g, SO,, Os, CO, and NO, concentrations for each cluster (Clusters 0~3). The central line in each box indicates the
median, boxes represent the interquartile range, and whiskers denote the data range.
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