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1 Introduction

Tropospheric ozone is known to cause wide-ranging problems including not only global
warming and air pollution but also human health and agricultural damage in both regional
and global scales. Since a distribution of tropospheric ozone concentrations tends to indicate
presence of strong gradients in both spatial and temporal, it is difficult to capture it in model
simulations because it requires horizontal grid sizes to be adequately small. Thus, so far,
simulating an accurate reproduction and transport of ozone is still plagued by large
uncertainties, and to reduce such error, use of precise atmospheric chemistry and detailed
regional transport models are necessary. In this study, our focus is to modify and improve
atmospheric chemistry model formulations so that it can run together with a state of the art
cloud resolving regional climate model, also to verify the concentration of ozone and the related

trace gases in such simulations.

2 Methods

We updated an atmosphere chemistry model, CHASER, coupled to the global Non-hydrostatic
Icosahedral Atmospheric Model, NICAM. This model, NICAM-CHASER, includes a global
variable resolution mode called “Stretched-NICAM” where initially uniformly distributed
horizontal grids can be stretched to vary lengths in grid sizes such that it’s possible to
concentrate grid points to the area of interests to save computational resources. Here we
focused on ozone and the related trace gases grids around Kanto region, where the detailed
observational data is readily available, in high horizontal resolutions (approximately 10km
around a Kanto region) during summer (Aug. 1 through Aug. 20) 2007. Results were later
compared to observation and other models; Atmospheric Environmental Regional Observation
System (AEROS), Fine Aerosol Measurement and Modeling in Kanto Area (FAMIKA), and the
Community Multi-scale Air Quality (CMAQ) driven by the Weather Research and Forecasting
(WRF) model named WRF-CMAQ. To properly simulate ozone concentrations, we modified the
timestep in the gas-phase reaction and a resolution of the wavelength to calculate the

photo-dissociation rate, J-value.

3 Results

Simulated wind speeds and direction were generally comparable to the observed ones in the



Kanto region, except for the areas near the mountains. Simulated precipitation and surface
downward solar radiation were also compared with the observations. Simulated ozone
concentrations by NICAM-CHASER were good agreement with observed ones by FAMIKA, in
terms of its diurnal variation and magnitude (Figure A). Also, on comparison against FAMIKA,
at locations (Sinjuku, Narita, Tsuchiura, Tama and Saitama) the diurnal variations of the
simulated ozone were comparable to those of the observed ozone, with high correlation
coefficient values of more than 0.72, which is adequately acceptable. At other locations
(Ichihara and Fujisawa), the values were estimated to be 0.67 and 0.62, respectively, and the
values were consistently larger in models than the observations at those two locations. For
locations at inner regions of Kanto, Oyama and Maebashi, correlation coefficients are again
smaller (0.57 and 0.55, respectively) due to little deviations of model wind directions from the
observational data. Also, for NOx, a precursor of ozone showed a consistent diurnal cycle to the
observed data, where the concentration increases at night and decreases in a day, contrary to
ozone. For OH radicals, a resulting product of ozone, resulting concentrations were generally
similar to that of WRF-CMAQ outputs. For CO, its simulated concentrations were consistently
smaller than observed ones at most stations, except at Ichihara where the CO emissions from
surrounding industrialized area are somewhat well represented. However, in general, CO
emissions inventory data that we used, tends to show an underestimation.

In spring, where transboundary air pollutions from China to Japan often arrive,
NICAM-CHASER properly captured the simulated ozone distributions (Figure B) and their

seasonal variation.
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Figure A: Time series graph of tropospheric ozone concentration (ppbv). Thick black line, thin
black line, and dotted line represent the modified NICAM-CHASER, the original
NICAM-CHASER, and the Observation.

Figure B: Transboundary air pollution from mainly China and South Korea

4 Future works

In this study, our focus is to correctly simulate ozone concentrations by NICAM-CHASER in
regional scale, and the results showed decent correlations to the observational data. Still, there
i1s a need to improve CO emission inventory, which tends to underestimate in general.
Furthermore, we would need to estimate contributions of transboundary air pollution to the

total pollutions by source/receptor experiments.



