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Abstract

The continuous progression of urbanization has resulted in an increasing
number of people living in cities or towns. In parallel, advancements in
technologies, such as the Internet, telecommunications, and transportation,
have allowed for better connectivity among people. This has engendered drastic
changes in urban systems during the recent decades. From a social geographic
perspective, the changes in urban systems are primarily characterized by
intensive contacts among people and their interactions with the surrounding
urban environment, which further leads to subsequent challenging problems
such as traffic jams, environmental pollution, urban sprawl, etc. These
problems have been reported to be heterogeneous and non-deterministic.
Hence, to cope with them, massive amounts of geographic data are required to
create new knowledge on urban systems.

Due to the thriving of Volunteer Geographic Information (VGI) in recent
years, this thesis presents knowledge on urban systems based on extensive VGI
datasets from three sources: highway dataset from the OpenStreetMap (OSM)
project, photo location dataset from the Flickr website, and GPS tracking
datasets from volunteers, taxicabs, and air flights. The knowledge primarily
relates to two issues of urban systems: the urban space and the corresponding
human dynamics. In accordance, on one hand, urban space acts as a carrier for
associated geographic activities and knowledge of it benefits our understanding
of current social and economic problems in urban systems. On the other
hand, human dynamics reflect human behavior in urban space, which leads to
complex mobility or activity patterns. Its investigation allows a derivation of
the underlying driving force that is very instructive to urban planning, traffic
management, and infectious disease control. Therefore, to fully understand the
two issues, this thesis conducts a thorough investigation from multiple aspects.

The first issue is investigated from four aspects. First, at the city level, the
controversial topic of city size regularity is investigated in terms of natural
cities, and the conclusion is that Zipf’s law holds stably for all US cities. Second,
at the sub-city level, the size distribution of spatial units within different
cities in terms of the clusters formed by street nodes, photo locations, and
taxi static points are explored, and the result shows a remarkable scaling
property of these spatial units. Third, enlightened by the scaling property of
the urban space at the city or sub-city level, this thesis devises a novel tool
that can demarcate the cities into three categories: compact cities, normal
cities, and sprawling cities. The tool is then applied to cities in both the US
and three European countries. In the last, another representation of urban
space is taken into account, namely the transportation network. The findings
report that the US airport network displays the properties of scale-free, small-
world, and disassortative mixing and that the individual natural airports show
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heterogeneous patterns that are probably subject to geographic constraints and
socioeconomic factors.

The second issue is examined from four perspectives. First, at the city
level, the movement flow contributed by agents using two types of behavior
is investigated through an agent-based simulation, and the result conjectures
that the human mobility behavior is mainly shaped by the underlying street
network. Second, at the country level, this thesis reports that the human travel
length by air can be approximated well by an exponential distribution, and
subsequent simulations indicate that human mobility behavior is largely
constrained by the underlying airport network. Third, at the regional level, the
length that humans travel by car is demonstrated to agree well with a power
law with exponential cutoff distribution, and subsequent simulation further
reproduces this levy flight characteristic. Based on the simulation, human
mobility behavior is again revealed to be primarily shaped by the underlying
hierarchical spatial structure. Finally, taxicab static points are adopted to
explore human activity patterns, which can be characterized as the regularities
in space and time, the heterogeneity and predictability in space.

From a complex system perspective, this thesis presents the knowledge
discovered in urban systems using massive volumes of geographic data.
Together with new knowledge from empirical findings, the development
of methods, and the design of theoretic models, this thesis also shares
the research community with geographic data generated from extensive
VGI datasets and the corresponding source codes. Moreover, this study is
aligned with a paradigm shift in that it analyzes large-size datasets using
high processing power as opposed to analyzing small-size datasets with low
processing power.
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