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Global urbanization has brought changes in urban spatial morphology as well as URT
network system, which deserves careful study for an effective management of urban
system, as do the key factors affecting location choice of urban residents and economic
entities. In developing countries, the spatially-resolved statistical data required by
many models do not always exist, while recently a number of spatial data are accessible
on a global scope. This thesis develops a spatial modelling technique incorporating
remote sensing data and open data with neo-classical urban economic models and graph

theory to evaluate urban development under data limitation.

Chapter 1: Introduction & contribution

This rapid urbanization accelerates the migration of population into urban areas and
the development of URT network all around the globe. In most developing countries,
rapid urbanization is often accompanied by the lag of socioeconomic surveys, which
leads to inadequate understanding of how much impact urban strategies have on urban
activities. The thesis contributes to providing a methodology to evaluate urban
development using a modelling technique, particularly an urban economic model and a

centrality-based model under data constraints.

Chapter 2: Literature review
Spatial modelling technique manages spatially-detailed information to develop model in
order to elucidate the mechanism of urban development. This thesis evaluates urban

development from two perspectives, an overall perspective of urban sprawl and a



perspective of URT network shape, to contribute to sustainable urban development in
the future. A survey of existing literature, including the evolution of urban structure,
urban development intensity, urban model, network centrality, and accessibility, finds
that a significant advance in urban models and network analysis, but also poses the

challenge of collecting data in developing countries.

Chapter 3: Application I: a monocentric urban economic urban model

In the view of urban system itself, this chapter seeks first to expand the classical AMM
urban model to make it applicable to large-scale simulation in developing countries
today, whose features include massive urbanization, population growth, building
construction, and urban expansion. Also this chapter introduces a market for
residential floor space and developers who provide this space. A dataset is prepared for
building an extended AMM model that includes socioeconomic and spatial data derived
from remote-sensing satellite data. A comparison between observed and simulated
results for key urbanization indices in three Chinese cities is conducted to examine the

applicability of the proposed urban model.

Chapter 4: Application II: the model of centrality-based index of a location

In the view of URT network shape, this chapter incorporates actual spatial distance into
topological centrality properties of URT network aiming to amplify its impact in
real-life space. An index reflected the importance of a location affected by URT network
shape was proposed based on centrality. Potential accessibility is defined as the ease to
economic activities by the means of URT & walking, whose attractiveness is determined
by the values of nightlight time data. By integrating this two grid-based properties of a
location, the decision of economic activities to locate in somewhere can be inferred. A
case study is conducted in Beijing, and the result is validated in comparison with the

observed distribution of commercial facility points.

Chapter 5: Exploration of two models for future possibility

The proposed monocentric urban model relies on several important assumptions, and
one of which is that urban areas are monocentric structures with homogeneous
households and uniform space. It allows us to neglect the effects due to the actual
shapes of urban areas. But approximating polycentric cities by monocentric structures
may deteriorate the simulation accuracy. Therefore, identifying where urban cores
located in could be a solution for identification of urban structure whether monocentric

or polycentric. As URT network plays an undoubtedly important role in forming urban



skeleton, combining the two methods proposed in chapter 3 and 4 could be beneficial for
works related to polycentric urban model, especially in the context of limited

availability of spatially-resolved statistical data in developing countries.

Chapter 6: Conclusion

The thesis uses a spatial modelling technique to develop models that incorporate remote
sensing data and open data with neo-classical urban economic model and graph theory
to evaluate urban developments under data limitation.

Two applications from two perspectives were carried out to analyze two types of urban
development. One is an overall perspective from urban sprawl to evaluate urban
expansion in 3 Chinese cities. The other is a perspective from URT network shape to
evaluate the importance of a location affected by URT network in Beijing. Developing
basic urban models by utilizing spatial modelling technique shows its practicability,
validity and future possibility as a quick evaluation tool for urban planning under data
constraints. It also provides a holistic understanding of urban planning and is flexible to
be applied into different scenarios. Spatial modelling technique involving open spatial

data is confident of widespread use in urban spatial analysis in the future.
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The defense committee examined the doctoral dissertation entitled “Analysis on urban
development using spatial modelling technique under data constraints in China”,
submitted by the above applicant for a doctoral degree. The aim of this study is to
develop a spatial modelling technique for urban infrastructure investment policy
evaluations incorporating remote sensing data and open data with neo-classical urban
economic models and graph theory to evaluate urban development under data
limitation.

The dissertation consists of 8 chapters as follows.

Chapter 1: I Introduction & contribution

This rapid urbanization accelerates the migration of population into urban areas and
the development of URT network all around the globe. In most developing countries,
rapid urbanization is often accompanied by the lag of socioeconomic surveys, which
leads to inadequate understanding of how much impact urban strategies have on urban
activities. The thesis contributes to providing a methodology to evaluate urban

development using a modelling technique, particularly an urban economic model and a



centrality-based model under data constraints.

Chapter 2: Literature review

Spatial modelling technique manages spatially-detailed information to develop model in
order to elucidate the mechanism of urban development. This thesis evaluates urban
development from two perspectives, an overall perspective of urban itself and a
perspective of URT network shape, to contribute to sustainable urban development in
the future. A survey of existing literature, including the concept of urban development
intensity, urban model, network centrality, and accessibility, finds that a significant
advance in urban models and network analysis, but also poses the challenge of

collecting data in developing countries.

Chapter 3: Application I: a monocentric urban economic urban model

In the view of urban system itself, this chapter seeks first to expand the classical AMM
urban model to make it applicable to large-scale simulation in developing countries
today, whose features include massive urbanization, population growth, building
construction, and urban expansion. Also this chapter introduces a market for
residential floor space and developers who provide this space. A dataset is prepared for
building an extended AMM model that includes socioeconomic and spatial data derived
from remote-sensing satellite data. A comparison between observed and simulated
results for key urbanization indices in three Chinese cities is conducted to examine the

applicability of the proposed urban model.

Chapter 4: Application II: the model of centrality-based index of a location

In the view of URT network shape, this chapter incorporates actual spatial distance into
topological centrality properties of URT network aiming to amplify its impact in
real-life space. An index reflected the importance of a location affected by URT network
shape was proposed based on centrality. Potential accessibility is defined as the ease to
economic activities whose attractiveness is determined by the values of nightlight time
data. Integration of centrality-based index and potential accessibility offers a new
investigation way to explore the concentration of economic activities from the viewpoint
of URT shape. A case study is conducted in Beijing, whose result is validated in

comparison with the observed distribution of commercial facility points.

Chapter 5: Exploration of two models for future possibility

The proposed monocentric urban model relies on several important assumptions, and



one of which is that urban areas are monocentric structures with homogeneous
households and uniform space. It allows us to neglect the effects due to the actual
shapes of urban areas. But approximating polycentric cities by monocentric structures
may deteriorate the simulation accuracy. Therefore, identifying where urban cores
located in could be a solution for identification of urban structure whether monocentric
or polycentric. As URT network plays an undoubtedly important role in forming urban
skeleton, combining the two methods proposed in this thesis could be beneficial for
works related to polycentric urban model, especially in the context of limited

availability of spatially-resolved statistical data in developing countries.

Chapter 6: Conclusion

The thesis uses a spatial modelling technique to develop models that incorporate remote
sensing data and open data with neo-classical urban economic model and graph theory
to evaluate urban developments under data limitation, by studying 3 Chinese cities
from an overall perspective of their expansions, and the rail transit network in Beijing
from the perspective of its shape. Two applications using spatial modelling technique to
develop models showed practicability, validity and future possibility of the proposed
method as a quick evaluation tool for urban plan under data constraints. The methods
presented here can particularly be useful to urban/rail transit planners. Spatial
modelling technique involving open spatial data is confident of widespread use in urban

spatial analysis in the future.

The achievements presented in the dissertation were published in the following two
journal papers as the first author and one journal paper as third author. All the

publications were made during his doctoral period.
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