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Abstract of Thesis

Urban areas represent a major environmental challenge because the air quality degradation in urban
environments could impact a great part of the global population. The dispersion of air pollutants in urban areas
is conditioned by the interaction of three main factors: the pollution sources, the urban form and components,
and meteorological variables. Appropriate quantitively and qualitatively assessment of these interactions will
allow better urban planning practices to reduce air pollution in cities.

In the second chapter of this doctoral dissertation, a review about urban modeling scales, urban geometries
types, and mathematical formulation to numerically model urban areas using Computational Fluids Dynamics
(CFD) is presented.

The third chapter presents a qualitative and quantitative assessment of the interaction between meteorological
variables and the urban form and components. Three ideal urban environments are studied to investigate urban
features such as building packing density and the relationship with meteorological variables. Also, two real
urban environments located in Osaka, Japan, are presented. The locations were selected to identify the variables
influencing the ventilation efficiency in urban areas. The ventilation efficiency indices employed were the
local age of air, purging flow rate, and air exchange efficiency. The results indicated that the local age of air,
the purging flow rate, and the air exchange efficiency could help describe the urban environment's
characteristics. However, the air exchange efficiency requires further considerations. The results also indicated
that similarly, when the spread of contaminants is diminished for specific building packing density, the same
occurs to street widths.

In chapter four, the interaction between meteorological variables and urban components was quantitative and
qualitative assessed to know the role in distributing pollutants in secondary streets and the influence of
emission sources. The ventilation efficiency was evaluated using the local age of air in idealized building
blocks with a four-way intersection of two perpendicular streets. The results indicated that the wind speed
influences the levels of pollutants but does not alter the distribution of contaminants in the intersections and
secondary streets.

Chapter five describes the interaction between the emission source, urban form and components, and
meteorological variables. The emission source was evaluated considering reactive pollutants (nitrogen
monoxide, nitrogen dioxide, and ozone) in a realistic urban environment located in Umeda Shin-Michi, Osaka,
Japan. A 24 hours simulation by integrating a CFD model coupled with a chemical reaction model (CBM-1V),
a radiation model, and boundary conditions from mesoscale models (WRF-CMAQ) was conducted. The
conclusions were that the production of NOx or fading of O3 was mainly found in regions with low wind speed
and high turbulence. Also, the distribution of O3 was directly affected by chemical reactions near the roadside,
where fresh NO was being emitted (NOx titration). The results indicated that the same urban form under
different meteorological variables (wind speed, wind direction) and emission rates lead to a very different
distribution of reactive contaminants during the day.

In the last chapter, recommendations for future studies about the variation of the urban forms and components
(urban trees, open spaces, water bodies, building packing density), different meteorological variables (wind
direction, humidity, temperature), and other ventilation efficiency indices are mentioned. This doctoral
dissertation intends to advance the description of the factors influencing the dispersion of air pollutants in
urban areas so that the urban development process would benefit from a more comprehensive understanding
of the urban area dynamics.
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