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The impact of transportation system development on the human society is widely recognized. Yet the
limitation of qualitative assessments highlights the critical need for a quantitative approach for deeper
understanding on the history and for the prediction on future changes. However, the challenge for such a
quantitative approach is often exacerbated by the notable shortage of data and appropriate methodology. This
is particular challenging for a long-term historical study. To address this issue, this study aims to refine the
data availability and methodologies employed in the analysis for long-term historical transportation system
and its social impacts, with a particular focus on ancient China.

The thesis has three main contributions: a comprehensive and open-access database combining massive
historical transportation and social data of ancient China from Han Dynasty to Ming Dynasty, robust
mathematical models and methods for analyzing the transportation accessibility and other social indicators
with the aforementioned database, and a comprehensive quantitative analysis on the impact of transportation
systems on the society including population dynamics, imperial examination, exile destination, and more.

First, data processing serves as the foundational stage of the study, aimed at compiling and analyzing
historical transportation records to map the evolution of diverse transport networks consisting of roads,
rivers, and canals, throughout successive Chinese dynasties. By digitizing the data with a Geographic
Information System (GIS), it is possible to calculate the transportation accessibility in the ancient age.
Moreover, this study also includes a broad spectrum of historical data to study the socioeconomic
repercussions of transportation infrastructure, including demographic data, social links, wars, imperial
examination, exile destination of government officials, pandemic, and more. This comprehensive and open-
access database shall serve as a critical and standard resource for future historical inquiries. Chapter 7
describes the database and demonstrates how to use it to analyze social activities.

Transportation accessibility modeling forms the cornerstone of the research. Based on the extensive
historical demographic data and travel time metrics estimated with a standard mathematical model, this study
yields a nuanced understanding on transportation accessibility across different historical periods. It sheds
light on the transition of economic centers from north to south in ancient China and positions transportation
as a catalyst for economic redistribution and development. Transportation accessibility is also utilized for
the evaluation of the most important transportation infrastructure in ancient China, i.e., the Grand Canal.
The methodology developed by this analysis may offer a valuable framework for evaluating the impact of
other historical infrastructures. Chapters 3 and 5 thus contribute to the calculation of transportation
accessibility in different periods of time.

A notable finding of this study is on how transportation-induced demographic shifts are indicative of a
society’s developmental trajectory, particularly in response to wars and natural disasters that have been
primary drivers of immigration in history. Chapter 4 illustrates that the role of transportation accessibility as
a catalyst may be not just a facilitator but also an accelerator for immigration.

Chapter 6 explores the impact of transportation on the formation of social links, by developing a Modified
Gravity Model (MGM) to explain the phenomenon. Notably, it was discovered that the parameter indicating
travel time deterrence in the MGM varied minimally across various dynasties in ancient times, essentially
remaining close to a constant value. This finding aligns with a previous study on ancient Switzerland,
suggesting that the travel time deterrence parameter may be consistent for most ancient ages. The stability
of this parameter not only validates the accessibility model applied but also lays a methodological




groundwork for determining the transportation deterrence parameter using data on historically recorded
social networks. To address the limitations of the MGM, machine learning techniques are applied, which
may uncover overlooked mechanisms of social link formation, such as the self-reinforcement effect. This
approach offers a more nuanced understanding of the forces that shape social networks. Additionally, an
alternative accessibility-based model has been developed to shed light on the impact of non-transportation
factors on long-distance travel behaviors. The model introduces a generalized social deterrence parameter,
providing a novel perspective for historical analysis and highlighting the significant influence of factors
beyond travel time on social dynamics.

Transitioning from a historical analysis to the context of contemporary China, Chapter 8 explores the
trajectory of urban development throughout Chinese history, with a particular focus on the transformative
impact of transportation advancements. This includes the construction of the Grand Canal and the
introduction of the railway system. The subsequent analysis highlights the significant role of transportation
and connectivity in shaping the spatial governance of modern China. The contemporary relevance of this
study was showcased through discussions with international experts and government officials at a
knowledge-sharing forum organized by UN-Habitat.

Chapter 9 concludes the thesis. And the appendix includes technical description of some models used by this
study, programs developed, and a report on the overseas internship at UNESCO and the Project Based
Research (PBR), which underscores potential future applications of this study for modern society and
beyond.

In summary, this thesis studied transportation accessibility and presents a thorough investigation on the
impact between transportation networks and social dynamics in ancient China. Utilizing an interdisciplinary
methodology that integrates transportation engineering, historical analysis, network science, and machine
learning, it unraveled the enduring historical socioeconomic effects of transportation infrastructure and
provides discussions on future studies.
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