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Abstract Long-term analyses of air quality are crucial for understanding trends and evaluating the effectiveness of
environmental policies. However, the reliability of such analyses can be significantly influenced by both the number and spatial
arrangement of monitoring stations. This study investigates the effects of Korea's expanded air quality monitoring network from
2001 to 2024 using quality-controlled data from AirKorea. Our findings reveal that both the density and distribution of
monitoring sites play key roles in shaping average pollutant concentration estimates and trend interpretations. When monitor-
ing sites are evenly distributed, the calculated averages align more closely with true values; conversely, networks concentrated in
certain areas tend to introduce bias. After 2017, the swift increase in the number of monitoring locations led to greater variability
in concentration deviations, most notably for nitrogen dioxide (NO,) and particulate matter. Regions such as Gangwon, Gyeong-
buk, and Chungnam exhibited heightened sensitivity to these changes. These results emphasize that simply increasing the
number of monitoring stations does not automatically enhance the robustness of long-term air quality analyses. Instead,
ensuring spatial representativeness is critical to maintaining the integrity and accuracy of these studies. This perspective aligns
with recent research advocating for a qualitative focus on monitoring network design rather than relying solely on expanding
monitoring numbers.
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Fig. 1. Conceptual illustration of the Bull's Eye Test used in this study. The spatial distribution of measurement sites is divided
into three scenarios: (left) grid measurement, representing evenly distributed sites across the domain; (center) concentrated mea-
surement, where sites are clustered around the center; and (right) random measurement, in which sites are scattered without
spatial regularity.
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Comparison of statistical indicators by sampling strategy
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Fig. 2. Statistical comparison of true values and three measurement strategies (grid, concentrated, random). The bar chart pres-
ents key statistical indicators (mean, standard deviation, minimum, maximum, and median).
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Concentration distributions by sampling strategy
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Fig. 3. Histogram and kernel density estimation (KDE) curves of concentration distributions across four scenarios: the true
underlying values (true) and three different measurement approaches (grid, concentrated, and random).
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Annual vs. Cumulative Station Installation by Year
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Fig. 4. Annual and cumulative number of air quality monitoring stations installed in Korea from 2000 to 2024. Blue bars repre-
sent the annual number of stations newly installed, while the red line indicates the cumulative number of stations. The period is
divided into three phases: gradual increase (2000~2007, shaded in blue), stagnation (2008~2016, shaded in green), and rapid

increase (2017~2024, shaded in red), respectively.
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Pearson Correlation Coefficient
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Fig. 5. Pearson correlation coefficients between the annual number of monitoring stations and (top) annual mean concentra-
tions and (bottom) annual standard deviations of major air pollutants (SO,, CO, NO,, PM;,, PM, 5, and Os) across administrative
regions in Korea.
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Fig. 6. Comparison of yearly mean NO, concentrations under different monitoring station scenarios (Scenario 1~3 vs. Scenario 4).
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Fig. 8. National average concentration variations of air pollutants (SO,, CO, NO,, O3, PM;o, and PM, ) across three comparative
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