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RESEARCH INTEREST

®  Aerosol parameterization and modeling
® Aerosol-cloud interactions

® Climate-Chemistry interactions

® Cloud Physics

®  Atmospheric Physical Chemistry

RESEARCH HIGHLIGHTS

Tropospheric aerosols account for a small fraction of the mass and volume in the atmosphere;
however, they strongly affect radiant energy transfer, cloud and precipitation formation, visibility,
biogeochemical cycles, and human health. My research interests are investigating the role of aerosol-
and cloud in the Earth’s system and their interactions. | was recruited as an assistant research fellow
in January 2015, and my research has been dedicated to understanding aerosol and cloud microphysical
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processes and their effects on climate over East Asia by developing and improving regional models.
My work has focused on three areas: aerosol-cloud interactions, aerosol effects on climate, and the risk
climate change pose for Taiwan. The accomplishments are highlighted in the following.

[
>

Aerosol-Cloud Interactions

Concerning aerosols in Taiwan, | have published papers indicating that (i) biogenic sources and
aqueous-phase processes dominated organic aerosol production in northern Taiwan; (ii) the
mixing process between sulfate and dust particles can reduce the overall single scattering albedo
by up to 10% during a dust event; and (iii) urban aerosols may affect the microphysical properties
of fog droplets over the Taiwan Strait in April.

I improved the transportation emissions inventories covering the Greater Taipei Area by
incorporating web-based traffic information and implementing a vision-based traffic analysis
system. The simulation results indicated that the addition of real-time traffic data improved the
air quality model’s performance, especially for CO and PM2 s concentrations.

In collaboration with National Taiwan University, | performed Kinetic calculations of isotope
fractionation due to various microphysical phase-change processes in clouds into a regional
model. Different factors controlling isotopic composition, including water vapor sources,
atmospheric transport, phase transition pathways of water in clouds, and Kinetic versus
equilibrium mass transfer, contributed significantly to variations in isotope composition. This
work advanced our understanding of the stable isotopocules of water, informing the
understanding of the water cycle.

I employed the homemade aerosol parameterization scheme in the Taiwan Earth System Model
(TailESM) to increase Taiwan’s climate modeling capability and capacity. After verification
through reanalysis data and observations, TailESM can comprehensively reproduce a robust
climatological state and near-surface aerosol concentrations. Most large-scale circulations and
precipitation were accurately simulated in the historical simlation, and TaiESM is now registered
as one of the models in the sixth phase of the Coupled Model Intercomparison Project.

B Aerosol Effects on Climate

The effect of aerosols on summer and winter Asian monsoons were investigated by improving
and conducting earth system model simulations. Anthropogenic aerosols were shown to (i)
weaken East Asia’s summer monsoon due mainly to the southward shift of the 200 hPa East Asia
Jet and the decrease in 850 hPa winds; (ii) weaken and strengthen the intensity of the Aleutian
Low and the Siberian High, respectively, resulting in a weakened East Asia Winter Monsoon
(EAWM) in the lower atmosphere over the extratropical areas. The tropical rain belt shifts
southward for the southern area, representing the Hadley circulation change, and the precipitation
Is decreased in southern Asia.

B Risk of Climate Change in Taiwan

By conducting high-resolution simulations, | estimated the effect of climate change on Taiwan
under 2 °C and 4 °C warming climate. We indicated (i) the number of heatwaves over urban areas
increased more quickly than over other land-use types, and forests were less vulnerable to global
warming; (ii) the warming climate worsens the polluted days in Taiwan due to weaker near-
surface wind; and (iii) the warming climate reduced the relative yield for wheat, tomatoes, and
potatoes. The Osz-induced relative yield reduction dominated the additional yield reduction for a
2 °C warming climate, but climate-induced relative yield prevailed under 4 °C warming.
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