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Abstract

In this study, we analyzed long-term measurements and air quality simulation results of four criteria air
pollutants (PM,,, O;, NO,, and SO,) for 10 years, from 2006 to 2015, with emphasis on trends of annual
variabilities. With the observation data, we conducted spatial interpolation using the Kriging method to estimate
spatial distribution of pollutant concentrations. We also performed air quality simulations using the CMAQ model
to consider the nonlinearity of the secondary air pollutants such as O, and the influence of long-range transport. In
addition, these simulations are used to deduce the effect of long-term meteorological variations on trends of air
quality changes because we fixed the emissions inventory while changing meteorological inputs. The nation-wide
inter-annual variability of modeled PM,, concentrations was —0.11 ug/m?/yr, while that of observed concentrations
was — 0.84 pg/m*/yr. For the Seoul Metropolitan Area, the inter-annual variability of observed PM,, concentrations
was — 1.64 pg/m*/yr that is two times rapid improvement compared to other regions. On the other hand, the inter-
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annual variability of observed O, concentrations is 0.62 ppb/yr which is larger than the simulated result of 0.13 ppb/

yr. Magnitudes of differences between the modeled and observed inter-annual variabilities indicated that decreasing

trend of PM,, and increasing trend of O, are more influenced by emissions and oxidation states than meteorological

conditions. We also found similar patterns in NO,. However, NO, trends showed greater regional and seasonal

differences than other pollutants. The analytic approach used in this study can be applicable to estimate changes in

factors determining air quality such as emissions, weather, and surrounding conditions over a long term. Then

analysis results can be used as important data for air quality management planning and evaluation of the chronic

impact of air quality.
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Fig. 1. CMAQ modeling domains at horizontal resolutions of 27 km and 9 km.
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Table 1. WRF and CMAQ configuration used in the study.
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(a) Precipitation
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Fig. 2. Monthly variations of (a) precipitation, (b) 2-m temperature, and (c) 10-m wind speeds averaged across 120
meteorological observation sites shown in Fig. 1 during the simulation period of 2006 ~ 2015.
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Fig. 4. Normalized anomalies of annual PM,, concentrations in (a) South Korea, (b) SMA, (c) Chungcheong, (d)
Gangwon, (e) Honam, (f) Youngnam, and (g) Jeju. Black and red circles represent modeled with fixed emissions
and spatially interpolated observed concentrations, respectively.
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Fig. 6. Normalized anomalies of annual NO, concentrations in (a) South Korea, (b) SMA, (c) Chungcheong, (d)
Gangwon, (e) Honam, (f) Youngnam, and (g) Jeju. Black and red color circles represent modeled with fixed
emissions and spatially interpolated observed concentrations, respectively.
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Fig. 7. Normalized anomalies of annual SO, concentrations in (a) South Korea, (b) SMA, (c) Chungcheong, (d)
Gangwon, (e) Honam, (f) Youngnam, and (g) Jeju. Black and red color circles represent modeled with fixed
emissions and spatially interpolated observed concentrations, respectively.
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Table 2. Regional mean spatially interpolated observed
concentrations and modeled concentration of
PM,,, O;, NO,, and SO, between 2006 ~ 2015.

PM,, 0, NO, SO,
(ng/m’)  (ppb)  (ppb)  (ppb)
Observed 419 463 148 42

SouthKorea \iijeled 233 544 68 22
SMA Observed 53.7 45.1 22.7 5.1
Modeled 306 518 150 26
Chunech Observed 440 445 158 43
UNECHCONS  Modeled 265 547 85 23
Ganewon Observed 42.8 454 153 4.4
£ Modeled 202 542 46 19
Hon: Observed 348 480 103 32
onam Modeled 223 556 42 18
Younenam Observed 433 46.2 159 4.8
& Modeled 218 542 67 25
. Observed 300 516 56 18
Jeju

Modeled 174 56.6 1.6 0.8
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Fig. 8. Period mean concentrations of (a) PM,,, (b) O;, (c) NO, and (d) SO, between 2006 ~ 2015 after spatial interpola-

tion based on the observations.
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Fig. 9. Decadal changes of spatially-interpolated observations (left) and modeled values (right) for (a) PM,,, (b) O;, (c)
NO,, and (d) SO, between 2006 ~ 2015. Decadal change was defined as the difference between the second five-
year (2011 ~ 2015) mean and the first five-year (2006 ~ 2010) mean.
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