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Major Achievements and Contributions (2020-present) 
 Enhancing Climate Predictions in Taiwan: The Role of Aerosol and Cloud in the Taiwan Earth 

System Model  
Using a locally developed aerosol parameterization scheme, the Taiwan Earth System Model 

(TaiESM) has been validated against reanalysis and observational data, demonstrating strong 
performance in simulating circulation, precipitation, and aerosol distributions. TaiESM contributed to 
CMIP6 and was further used to assess aerosol impacts on the East Asian winter monsoon. Results 
indicate that anthropogenic aerosols intensify the Siberian High, weaken the Aleutian Low, and 
suppress monsoonal flow, particularly over extratropical regions. These changes lead to a southward 
shift of the tropical rain belt and reduced precipitation in southern Asia, reflecting aerosol-induced 
modifications to the local Hadley circulation. 
 Assessing the Multifaceted Impacts of Climate Change on Taiwan: Urban Vulnerability, Air Quality, 

and Agricultural Productivity 
We performed high-resolution simulations to evaluate the impacts of climate change across 

Taiwan, uncovering critical regional vulnerabilities in urban climate, air quality, and agriculture. Urban 
areas exhibit a more rapid increase in heatwave frequency than other land-use types, highlighting their 
elevated exposure to climate stress, while forested regions remain comparatively resilient. Warming 



also weakens near-surface winds, contributing to more frequent air pollution episodes. Agricultural 
assessments indicate declining yields of key crops such as wheat, tomatoes, and potatoes under 
warming scenarios—primarily driven by ozone stress at +2°C and direct thermal stress becoming 
dominant at +4°C. These findings underscore the complex and spatially differentiated impacts of 
climate change in Taiwan, reinforcing the urgency of tailored mitigation and adaptation strategies. 

  Advanced Traffic Data Integration for Improved Air Quality Modeling in the Greater Taipei Area: 
Our study focuses on the Greater Taipei Area, which aims to refine transportation emissions 

inventories by incorporating web-based traffic data and a vision-based traffic analysis system. The 
findings reveal that sedans and scooters represent approximately 90% of the traffic, with notable spatial 
variations: sedans are more common in rural areas, whereas scooters dominate urban and suburban 
regions. We also identified distinct traffic patterns for weekdays versus weekends, which significantly 
improved the accuracy of our air quality models, especially in predicting concentrations of carbon 
monoxide and particulate matter. This research addresses a significant gap in the literature by 
providing a comprehensive spatial and temporal analysis of scooter traffic, a crucial factor in urban 
transportation. The insights gained from this study illuminate the impact of vehicle types on air quality 
and highlight the potential of advanced traffic data integration for developing more effective urban air 
quality management strategies, underscoring the importance of targeted interventions based on 
vehicular behaviors and preferences.  
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