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Abstract of Thesis

Air quality in future will change in response to climate change as well as anthropogenic emission change. In this
study, an advanced online coupled Weather Research and Forecasting (WRF) and Community Multiscale Air
Quality (CMAQ) model was applied. The targets were to investigate the impacts of climate change alone, the
impacts of anthropogenic emission change alone, and the combined impacts of changes in both climate and
anthropogenic emissions on future air quality in Continental Southeast Asia where the pollutant emissions were
estimated to increase in the future. Incidentally, since online model was applied, the study was also aimed to
evaluate the impacts of aerosol direct effects on meteorology and air quality for this region and East Asia where

aerosol load is high.

In East Asia and Continental Southeast Asia, the aerosol direct effects generally decreased shortwave radiation,
temperature, planetary boundary layer (PBL) height, and wind speed. Particulate matter with an aerodynamic
diameter of 2.5 pm or less (PMz.5), sulfur dioxide (SO2), and nitrogen dioxide (NO2) concentrations were found to
increase while ozone (O3) concentration was found to decrease due to direct effects. Analyzing the cause-effect
relationships among the responses of the above meteorological variables and air pollutants indicated that the
reduction in radiation at ground surface caused directly by aerosol direct effects produced decreases in
temperature and PBL height, leading to increase in PMz.5, SO2, and NOz concentrations. The increase or decrease

in O3 concentration depended on the responses of the atmospheric dynamics and the photolysis rates.

Investigating the impacts of potential climate change alone on meteorology and air quality over Continental
Southeast Asia in the decade 2050s revealed the followings. Future atmosphere gets warmer, more humid, rainy
and stagnant. Affected by climate change, nitrogen oxides (NOx) and non-methane volatile organic compounds
(NMVOCs) biogenic emissions increase. Subsequently, the changes in meteorology and biogenic emission affect
air quality. Under Representative Concentration Pathway (RCP) 4.5 scenario, future atmosphere appears to be
reduced in O3 and PMz25 concentrations. However, climate change worsens Os and PM25 air pollution under
RCP8.5 scenario. The decrease in O3 concentration is due to the water vapor increase and the increase in O3
concentration is affected largely by the temperature increase, stagnant condition, and biogenic emission increase.
The responses of PMz5 to climate change depend on the physical and chemical characteristics of each PM2s

species. The major climate change effect on PMzs.5 is the physical effect, rather than the chemical effect.

Projected anthropogenic emission change alone produces higher PM25 and Os levels in the decade 2050s over
Continental Southeast Asia in general. PMz25 increase is attributed to the emission growth of primary PM2s and
PMa2.5 precursors. Os increase is driven by NOx emission increase rather than NMVOCs emission increase since
NOy-limited regime mostly dominates in the region. Both future PM25 and O3 air quality in Continental
Southeast Asia are also affected more by pollutant emission growth in India. Driven by climate change and
emission change in combination, PM25 and O3 concentrations increase. The rise in PM25 and O3 concentrations is
larger in RCP8.5 scenario that than in RCP4.5 scenario. The simulation results indicated that emission trend is a
major factor in the variation in PM25 and Os concentrations, while the climate change also plays an important

role.
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