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Surface ozone concentrations in the Seoul Metropolitan Area (SMA) have persistently increased over the past

two decades (2003~2022), especially during the ozone season. This study examines the meteorological drivers behind this

trend using long-term observations and a Random Forest model. We analyzed annual trends of meteorological factors at

three Automated Synoptic Observing Systems (ASOS) stations (Seoul, Suwon, Incheon) and observed a steady increase in

insolation by 0.8% per year, with less significant changes in temperature and relative humidity. Analysis of the ozone data

reveals that observed increasing trends remained generally similar among stations, implying shared major drivers influencing

these trends. Correlation analyses between meteorological factors and maximum daily 8-hour average (MDA8) ozone

anomalies indicated that insolation, sun duration, and temperature had positive associations, whereas relative humidity and

cloud fraction showed negative correlations. Insolation emerged as the most influential factor, followed by temperature and

relative humidity. We used the Random Forest model to calculate the contributions of meteorological variables to ozone

changes. The model explained 69% of the observed variance in surface ozone, with predictions closely tracking observed

median values. Meteorological factors, particularly increasing insolation, were significant drivers of the ozone increase in the

SMA. Further investigations into the rising trend of insolation and the natural and anthropogenic factors contributing to this

increase are necessary for understanding various aspects of photochemical air pollution and developing practical policies for

air quality management.
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Fig. 1. Map of Seoul metropolitan area and surface observing
stations. Orange dots indicate air pollution monitoring sites at
AirKorea (www.airkorea.or.kr) and blue dots indicate ASOS
sites.
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Fig. 2. Heatmap displaying monthly averages of MDA8 ozone concentrations. Annual average of MDA8 ozone and linear
regression slope (black), annual average of April, May, and June and linear regression slope (red). Monthly distribution of

MDAB8 ozone (right).

ppbZHA] A7t 0.79 ppb F7ISHATE. @F AlE oF
%= 55 ppboll Al 70 ppb2 A7 0.94 ppb7} Z715H

HollA Hdaste FA7E Ao, aile A7 55
of YIAIstal 17} 1%l f1AI5tek A& &
S7H= 0.9 ppb/yrE 0.5 ppb/yrd} 0.6 ppb/yr] 173}
737100 HlshA iAo R EA UEE o H, 489
= 5744014 0.6 ppb/yro] @& F7HE Eirh ¥
ARl 57t FAl= Aol 7HE =8toH, BE 54
ol A A7t 0.6 ppb o1Fo] @& F7HE H A

Mann-Kendall 452 59f L& 5L HIE 5
7h Az, 34 gha Al el R ERskalnh Ikl
ARG A A @Eo] Fashs FAE B, o
£ ARolME SAHCRE et A AL A
= 2] Akt 487]9] S A0l F FEIT STt}

H:!

I~>F=LI

A >2[ppbiyr]
A\ <0lppb/yr]

Z

Fig. 3. Annual changes of MDA8 ozone during the ozone
season (closed circles). Blue triangles indicate sites showing
decreasing trend and red triangles show sites with increasing
rates greater than 2 ppb per year.
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Fig. 4. Anomaly of MDA8 ozone concentrations averaged at air pollution monitoring sites close to the ASOS site in Seoul,
Suwon, and Incheon during the ozone season. Magenta, cyan, and lime lines indicate the median values of daily anomalies in

Seoul, Suwon, and Incheon, respectively.
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Fig. 5. Long term trend of annual meteorological variables averaged at ASOA sites in SMA during the ozone season.
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Table 1. Correlation coefficient between anomalies of meteorological variables and MDA8 ozone in SMA, Seoul, Suwon, and

Incheon.

Insolation Temperature Relative humidity Cloud fraction Sun duration
SMA averaged 0.61 0.46 -0.45 -0.54 0.61
Seoul 0.59 0.46 -0.46 -0.52 0.59
Suwon 0.55 0.47 -0.38 -0.48 0.54
Incheon 0.53 0.35 -0.38 -0.49 0.55
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