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ABSTRACT 

In high density mega cities, air pollution has a higher impact on public health than cities of lower 
population density. Apart from higher pollution emissions due to human activities of densely populated 
street canyons, stagnated air flow due to closely packed tall buildings result in lower dispersion potentials. 
The coupled result leads to high air pollution concentrations being reported frequently at street side 
stations in Hong Kong. High density urban morphologies need to be carefully designed to lessen the ill 
effects of high density urban living. This study addresses the knowledge-gap between planning and 
design principles and air pollution dispersion potentials in high density cities. The air ventilation 
assessment understandings for high density planning and design are advanced to relate the air pollutant 
dispersion issues. The methods in this study are CFD simulation and parametric study. The SST κ- ω 
model is adopted after balancing the accuracy and computational cost in the comparative study. 
Urban-scale parametric studies are conducted to clarify the effects of urban permeability and building 
geometries on air pollution dispersion, for the outdoor pedestrian environment. Given the finite land 
resources in high-density cities and the numerous planning and design restrictions for development 
projects, the performance of mitigation strategies is evaluated to optimize the benefits. A real urban case 
study is conducted to demonstrate that suggested design strategies are feasible in the urban design. 
 
Key Words: CFD, Parametric study, Air pollutant dispersion 
 
 
1. INTRODUCTION 

 Emissions from motor vehicles contribute to air pollution in urban areas, particularly at the street 
canyon level. The European Environment Agency (EEA) (2012) has reported seven types of pollutants 
that are primarily or secondarily related to road traffic emission. The risks associated with exposure to 
air pollution are relatively low for individuals but are a significant public health concern (Kunzli et al., 
2000). Understanding the problem in densely populated cities is therefore paramount. To decrease 
traffic pollution, an improved vehicle emission control program has been implemented in Hong Kong by 
the Hong Kong SAR Government. Nonetheless, the roadside concentration of NO2 continues to 
increase (Environmental Protection Department, 2011). High hourly, daily, and annual average 
concentrations of NO2 have been recorded at the roadside stations in Central, Causeway Bay, and 
Mong Kok in Hong Kong. The reported higher concentration of NO2 is the result of the larger NO2 
percentage in total traffic emissions (European Environment Agency, 2012; Grice et al., 2009) and of 
poorer urban air ventilation in high-density urban areas (Ng et al., 2011; Tominaga & Stathopoulos, 
2011). As shown in Figure 1, vehicles crowd the streets at these urban areas which are traffic hotspots 
and mostly occupied by high buildings. Therefore, apart from having control measures to decrease 
vehicle emissions, understanding pollutant dispersion as related to the urban planning and design is 
necessary to guide policymakers, planners, and architects to make evidence-based decisions.  
 
      The Severe Acute Respiratory Syndrome episode in 2003 triggered the Air Ventilation 
Assessment (AVA) study in Hong Kong. Since 2006, AVA has been implemented as a prerequisite for 
urban development and old-district redevelopment (Ng, 2009). The technical guideline, Sustainable 
Building Design Guidelines (APP-152), has also been drawn up by the Hong Kong Government. This 
guideline allows architects to evaluate the effects of their proposed building designs on the surrounding 
wind environments, and then to enhance urban environmental design (Hong Kong Building Department, 
2006). We built up this study based on our previous parametric study (Yuan & Ng, 2012) to extend the 
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