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Abstract

This thesis investigates the transformative impact of the Great Migration on urban
spatial structure in the United States and its subsequent economic and environmental
consequences. The Great Migration (1910-1970), marked by significant African Ameri-
can migration from the South to Northern and Western cities, reshaped the demographic
and spatial landscape of receiving cities. Yet, the long-term spatial dynamics and their
implications remain underexplored, a gap this study aims to address.

Using a novel dataset constructed through the City Clustering Algorithm (CCA), this
research redefines historical urban boundaries, creating “synthetic cities” (Syncities) that
more accurately reflect urban development from 1900 to 1970. The analysis reveals how
demographic shifts influenced the size and shape of cities, with implications for their eco-
nomic performance and environmental quality. By employing instrumental variable regres-
sion and mediation analysis, this thesis identifies the causal pathways through which these
spatial transformations affected income levels and air quality, both immediately following
the migration and decades later.

The findings highlight both economic growth and environmental challenges linked to
urban expansion. Cities with larger and more dispersed urban forms benefited economically
in the short term but faced greater environmental degradation over time. These results
underscore the importance of urban spatial structure in shaping sustainable development
trajectories.

By bridging historical demographic changes with contemporary urban outcomes, this
study offers valuable insights for urban planning and policy, demonstrating how historical
conditions continue to shape modern challenges. This work also provides a methodolog-
ical foundation for future research on the interplay between migration, urban form, and
sustainability.

This thesis is organized into seven chapters. Chapter 1 introduces the research goals and
questions, explaining the importance of the study. Chapter 2 describes how the new urban
spatial dataset was created and provides an overview of the key data. Chapter 3 looks at
how urban areas in the U.S. changed between 1900 and 1970, providing background for the
main analyses. Chapter 4 studies how the Great Migration affected the size and shape of
cities, while Chapter 5 examines the economic and environmental effects of these changes.
Chapter 6 explains how changes in urban areas connected the Great Migration to economic
and environmental outcomes. Finally, Chapter 7 brings the findings together, discusses
what they mean for policy, highlights limitations, and suggests ideas for future research.
These chapters work together to show how the Great Migration reshaped American cities
and what that means for sustainability today.
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Chapter 1

Introduction

The cities we inhabit today are the result of historical transformations that have shaped
their form, function, and sustainability. Among the most signi cant of these transforma-
tions is the Great Migration{a massive movement of African Americans from the rural
South to urban centers in the North and West during the 20th century. This migration
not only rede ned the demographics of American cities but also in uenced their economic
opportunities, spatial organization, and environmental challenges. Yet, the e ects of this
period on the physical structure of cities and their lasting economic and environmental
consequences remain underexplored. How did this sweeping demographic shift reshape the
urban landscape, and what can it teach us about the interconnected dynamics of popula-
tion, economy, and sustainability? This chapter sets the stage by outlining the historical
background of the Great Migration and introducing the objectives and research questions
that guide this study.

1.1 Background & Objectives

Understanding how cities respond to major demographic changes is crucial for addressing
today's challenges of urban sustainability, economic equity, and environmental health. One

of the most signi cant demographic shifts in American history was the Great Migration,

a period of large-scale movement of African Americans from the South to urban centers
in the North and West between 1910 and 1970. This migration fundamentally reshaped

the social, economic, and spatial landscape of the receiving cities. By 1950, more than
2.5 million Southern-born African Americans had moved to non-Southern areas, a number
that grew to over 4 million by 1980, with additional impacts from subsequent generations
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[56]. Despite the profound changes brought about by this migration, its e ects on urban
spatial structure and its long-term consequences remain underexplored.

This thesis addresses this gap by focusing on how the Great Migration in uenced the
size and shape of cities and their subsequent economic and environmental outcomes. The
study is motivated by the need for better historical data on urban spatial structure and a
deeper understanding of how major demographic shifts shape urban development.

1. To construct a reasonable and useful urban spatial dataset and study the
urban spatial development during the period of the Great Migration. By
rede ning historical city boundaries through the City Clustering Algorithm (CCA),
this study creates a dataset of synthetic cities (Syncities) from 1900 to 1970. This
dataset provides a clearer picture of urban spatial development during the Great
Migration, addressing the limitations of administrative boundaries and traditional
datasets.

2. To investigate the relationships between the Great Migration and the
urban spatial structure by applying the novel urban spatial dataset we
construct. The thesis investigates how the in ux of African Americans during the
second wave of the Great Migration (1940{1970) shaped urban spatial characteristics,
including size and cohesion, in receiving cities.

3. To verify the importance of the urban spatial structure in the last century
in America. By focusing on urban size and shape, the study explores their roles
in shaping income levels and air quality in the short term (1974 and 1980) and the
long term (2010). It aims to demonstrate both economic bene ts and environmental
challenges associated with urban expansion.

4. To examine the underlying mechanism of the impact of the Black pop-
ulation redistribution on economic and environmental performance. The
research examines how urban spatial structure mediated the e ects of the Great
Migration on economic and environmental outcomes. Using mediation analysis, it
identi es direct and indirect pathways, o ering a more nuanced understanding of
these relationships.

Together, these objectives provide a framework for analyzing the interplay between
historical demographic shifts, urban spatial evolution, and sustainability challenges.



1.2 Research Questions

To achieve the objectives of this thesis, the following research questions guide the ex-
ploration of how the Great Migration in uenced urban spatial structure and its broader
economic and environmental implications. These questions are designed to address gaps in
existing research and connect the historical impacts of demographic shifts to contemporary
urban challenges.

1. How did cities grow spatially during the 20th century?

(@) How did urban spatial structure evolve in the United States from
1900 to 19707

(b) What patterns characterized the growth and organization of the U.S.
urban system during this period?

Answering these questions will help trace the trajectory of urban development in the
U.S., focusing on how cities expanded horizontally, how their spatial connectivity
changed, and how these changes contributed to the organization of the urban system
as a whole. This includes examining newly formed urban clusters, analyzing city
growth patterns, and applying Zipf's Law to quantify trends in urban hierarchy.

2. What was the impact of the Second Wave of the Great Migration on urban
spatial structure?

This question investigates how changes in racial composition in uenced urban expan-
sion and spatial connectivity at the end of the Great Migration in 1970. The study
seeks to quantify how the arrival of African American migrants a ected the built-up
area and cohesion of cities, shedding light on how demographic shifts translated into
changes in urban form.

3. What are the economic and environmental consequences of urban spatial
structure?

These questions explore the outcomes of urban spatial structure on two critical di-
mensions: economic performance and environmental quality. By investigating the
relationships between urban size, shape, and these outcomes, the analysis aims to
uncover economic benets, such as higher income levels, and environmental costs,
such as deteriorating air quality, over both short-term and long-term horizons.

4. What is the underlying mechanism of the impact of the African American
migrants' redistribution on economic and environmental performance?

3



(&) What were the short- and long-term economic and environmental
impacts of the in ux of African American migrants during the sec-
ond wave of the Great Migration (1940-1970) on U.S. cities?

(b) How did changes in urban size and spatial structure mediate the
relationship between this demographic shift and its e ects?

Addressing these questions involves identifying the pathways through which changes
in racial composition shaped income levels and air quality. The study focuses on
the role of urban spatial structure as a mediating factor, analyzing both the direct
e ects of the Great Migration on economic and environmental outcomes and the
indirect e ects channeled through changes in urban size and shape. This approach
provides a deeper understanding of the processes that link demographic shifts to
urban development.

Together, these questions form a comprehensive framework for examining how the
Great Migration reshaped urban America. They connect historical demographic changes
to broader themes of urban sustainability, economic equity, and environmental health, pro-
viding insights into the lasting impacts of past events on contemporary urban challenges.

1.3 Research Contributions

This thesis makes several important contributions to the study of urban spatial structure,
migration, and sustainability.

First, it introduces a novel dataset of synthetic cities (Syncities) from 1900 to 1970,
constructed using the City Clustering Algorithm (CCA). This dataset provides a unique
and precise view of historical urban spatial structure, addressing the limitations of admin-
istrative boundaries and o ering a foundation for new empirical research in urban studies.
By rede ning urban boundaries based on data rather than subjective criteria, the thesis
ensures more accurate measurements of urban size and cohesion.

Second, this thesis advances our understanding of the Great Migration's impact on
urban form. While prior research has primarily focused on the social and economic di-
mensions of migration, this study is the rst to systematically examine its e ects on urban
size and shape. By quantifying changes in urban spatial structure and connecting them to
racial composition shifts, the research lIs a critical gap in the literature on demographic
shocks and urban development.



Third, the research explores both economic and environmental outcomes, highlighting
the interactions between urban expansion and sustainability. By analyzing the short- and
long-term impacts of urban spatial structure on income levels and air quality, the study
provides a nuanced perspective on how historical events shape contemporary challenges.
This dual focus ensures a balanced consideration of urban growth's bene ts and costs.

Fourth, the thesis employs a rigorous methodological framework that combines medi-
ation analysis and instrumental variable (IV) approaches to disentangle complex causal
relationships. The mediation analysis identi es the urban spatial structure as a critical
intermediary, capturing how changes in racial composition indirectly in uence economic
and environmental outcomes through the urban form. For example, the study demon-
strates how the in ux of African American migrants altered city size and cohesion, which
in turn a ected income levels and air quality. The IV approach strengthens these ndings
by addressing endogeneity concerns, such as reverse causality and omitted variable bias.
By using predicted Black migration and predicted urban spatial structures as instruments,
the analysis isolates the causal e ects with greater precision. Together, these methods
provide a robust framework for studying the interplay between demographic shifts, urban
form, and outcomes, advancing methodological practices in the eld.

Finally, this work has signi cant policy implications. By linking historical demographic
shifts to contemporary urban challenges, the thesis underscores the importance of consid-
ering past events in planning for sustainable cities. The ndings inform debates on urban
sustainability, racial equity, and environmental justice, demonstrating the long-term conse-
guences of demographic and spatial transformations. Moreover, the research o ers valuable
insights for urban planning, highlighting the importance of designing cities that balance
economic growth with environmental sustainability.

1.4 Scope of the Study

This study focuses on the impact of the Great Migration on urban spatial structure and
its economic and environmental consequences. The scope is deliberately structured to
balance historical breadth and empirical depth, ensuring a comprehensive analysis of how
demographic shifts in uenced urban development. Key aspects of the study's scope are
outlined below:

Temporal Scope

The analysis spans the 20th century, with a primary focus on the period from 1900
to 1970. This time frame captures the historical evolution of urban spatial structure
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during the Great Migration, particularly the second wave (1940{1970). To assess long-
term outcomes, the study also examines economic and environmental impacts up to 2010.

Geographical Scope

The study is limited to urban areas in the United States, speci cally those signi -
cantly a ected by the Great Migration. By rede ning urban boundaries through the City
Clustering Algorithm (CCA), the research constructs synthetic cities (Syncities) that bet-
ter re ect historical urban expansion than traditional administrative boundaries. This
approach ensures consistency in analyzing urban forms across diverse regions.

Conceptual Scope

The research is centered on urban spatial structure, de ned by two key dimensions:
urban size (built-up area) and urban shape (cohesion index). These dimensions are ana-
lyzed in relation to economic outcomes (income levels) and environmental outcomes (air
quality). The study explicitly focuses on causal pathways, emphasizing the mediating role
of urban form in linking demographic changes to urban outcomes.

Methodological Scope

The study employs a mixed-methods approach, combining quantitative techniques like
mediation analysis and instrumental variables with qualitative methods such as interpre-
tative analysis of maps. The quantitative methods address endogeneity concerns and allow
for robust causal inference, while the qualitative methods identify the trajectory of urban
evolution. The study is grounded in a novel dataset constructed to overcome the limitations
of existing historical urban data.

Exclusions and Limitations

While the focus on urban size and shape provides valuable insights, the study does
not examine other dimensions of urban spatial structure, such as land use or transport
networks. Additionally, the analysis is restricted to the U.S. context and may not fully
capture cross-national variations in urban dynamics. The temporal scope ends in 2010,
meaning recent trends in urban development are beyond the thesis's purview.

1.5 Thesis Organization

This thesis is organized into seven chapters, each building toward a comprehensive under-
standing of how the Great Migration reshaped urban spatial structure and its economic
and environmental consequences. The chapters are designed to guide the reader from



the historical background to methodological innovations, empirical analyses, and broader
implications, providing a cohesive narrative that addresses the research objectives.

Chapter 1 introduces the research problem, objectives, and key questions that guide
the study. It provides an overview of the Great Migration's historical signi cance and its
potential long-term impacts on urban spatial structure, economic outcomes, and environ-
mental sustainability. The chapter also outlines the contributions of the thesis and its
broader relevance to urban and environmental research.

Chapter 2 describes the construction of the novel dataset of synthetic cities (Syncities)
using the City Clustering Algorithm (CCA). It explains how historical urban boundaries are
rede ned to better capture spatial development and provides detailed descriptive statistics
for the key variables.

Chapter 3 examines the evolution of urban spatial structure in the United States from
1900 to 1970. Itidenti es key trends in urban growth and spatial organization, highlighting
how the Great Migration ts within broader patterns of urban development. The chapter
sets the stage for understanding how historical urban dynamics inform the analyses in
subsequent chapters.

Chapter 4 investigates how the arrival of African American migrants in uenced the
size and shape of cities in receiving regions. Using an instrumental variable approach, the
analysis quanti es the causal e ects of demographic changes on urban form, emphasizing
the interplay between migration and spatial expansion or cohesion.

Chapter 5 explores the outcomes of urban size and shape on two critical dimensions:
income levels and air quality. It examines both short-term impacts (1974 and 1980) and
long-term consequences (2010), highlighting the interactions between economic growth
and environmental degradation. The ndings underscore the dual-edged nature of urban
expansion, o ering insights into the sustainability challenges posed by historical urban
dynamics.

Chapter 6 investigates the pathways through which the Great Migration in uenced
economic and environmental outcomes. Using mediation analysis, it demonstrates how
changes in urban spatial structure acted as intermediaries, linking demographic shifts to
broader urban outcomes. This chapter provides a deeper understanding of the mechanisms
driving the observed e ects.

Chapter 7, the nal chapter, synthesizes the ndings of the thesis, discussing their
broader implications for urban sustainability, economic equity, and environmental justice.
It highlights the policy relevance of the study, particularly in addressing the contemporary
challenges of urban planning and demographic change. Moreover, this chapter discusses
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limitations regarding data and also identi es areas for future research, building on the
methodological and empirical advances of this work.

Together, these chapters o er a comprehensive analysis of the Great Migration's lasting
impacts on American cities, bridging historical demographic shifts with modern urban
challenges.



Chapter 2

DATA

2.1 Data Sources and Dataset Construction

This section discusses data sources and construction for key variables, including population,
urban spatial structure, economic level, environmental outcomes, and necessary control
variables'.

2.1.1 Population

The city population data at the beginning (1940) and the end (1970) of the second wave of
the Great Migration are derived from the County and City Data Book 1944-1977 (CCDB)
[63] and from the full-count US censuses in the Integrated Public Use Microdata Series
(IPUMS) [55], respectively. These city-level data are for both the overall population and
the Black population. Then, we aggregate these data into the county-Syncity union level
for further calculations.

Following Derenoncourt's paper [16], we de ne the changes in the share of Blacks be-
tween 1940 and 1970 in non-southern county-Syncity union in the United States following
the equation below:

(Bpop.1970  BPOP. 1040) (2.1)
POR: 1940

'Regardless of whether the original data were at the city-level, Syncity-level, or county-level, they nally
aggregated to the county-Syncity union level to be comparable and consistent to each other.

Bpop: 1940 1970 =

9



where i denotes each county-Syncity union. The change in the share of Blacks is the
urban Black population increase from 1940 to 1970 as a share of the urban population in
1940.

2.1.2 Urban Spatial Structure

The urban spatial structure includes two dimensions, which are urban size and urban
shape. Before calculating these two urban spatial metrics, we rst need to determine the
historical urban boundaries. We choose to construct our own urban boundaries by using
building data rather than administrative urban boundaries for three reasons. First, the
administrative urban boundaries have limited data available for us to study cities from
1900 to 1970 [28]. Second, the administrative boundaries are often hard to capture the
true economic and social dynamics of urban areas [24]. Third, other alternative methods
to administrative boundaries, such as commuting zones, nighttime lights, and population
density, are limited by the lack of historical data [5, 24]. Thus, building data is the most
suitable choice for us to de ne the historical urban boundaries. We delineate the urban
areas by following the steps below:

1. De ning the CCA clusters. We obtained the raster datasets of built-up area
(BUA) from 1900 to 1970 derived from the Historical Settlement Data Compilation
for the United States (HISDAC-US) [29]. This raw dataset divides the United States
into grid cells for each half-decade from 1810 to 2015. The original data source is
provided by Zillow, which is one of the most comprehensive sources of real estate
information. According to this raw raster data, each grid cell is counted as 1 when
there is at least one built-up property in a given year, and it is counted as 0O when
there is no built-up property. In Figure 2.1(a), cells in Black are counted as 1, and
white areas are counted as 0. Moreover, each grid cell represents a 250r850m
area on the map. Following the City Clustering Algorithm (CCA), we set a 250-
meter threshold for clustering cells in the raster BUA dataset [57]. For each cell
that is counted as 1, they will be considered one CCA cluster whenever the distance
between them is smaller than the threshofd As shown in Figure 2.1(b), the cells in
Figure 2.1(a) are grouped to represent continuous urban clusters rather than isolated
pixels. Also, clustering at a scale of a 250-meter threshold allows for a meaningful

2Given that the average length of a block in America is around 200 to 900 feet (60 m - 275 m). For
example, the city block in Chicago is around 330 by 660 feet (100 m 200 m) [51]. Thus, a 250-meter
threshold means whenever the distance between cells is less than the length of a city block, these cells are
considered part of the same CCA cluster.
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analysis of urban development patterns while avoiding the noise that might come
with smaller or larger thresholds.

(a) BUA Grid Cells (b) CCA Clusters

Figure 2.1: De ning CCA Clusters: An Example
Note: For each decade in our sample, we used R to cluster the gird

cells (Figure 2.1(a)) into polygons (Figure 2.1(b)) for the threshold
we set. The example in Figure 2.1(b) shows the clustering in 1900
for what is now around Clark Atlanta University in Atlanta. Each
color in Figure 2.1(b) identi es a cluster.

2. Constructing the Syncities. As shown in Figure 2.2(a), the pink polygons display
the CCA clusters' appearance in 1970. However, they cannot all be considered urban
clusters because some are too small. Therefore, as shown in Figure 2.2(b), we dropped
the CCA clusters with seven or fewer gird cells (when the areas of the CCA cluster
polygons 437,500 square meters). This elimination of noise allowed us to zoom in
on only the signi cant CCA clusters, which are more likely to be urban areas rather
than rural areas. Then, We intersected the 1970 CCA clusters without noise with
the 2020 administrative city boundaries we obtained from the Integrated Public Use
Microdata Series (IPUMS) [54], shown in Figure 2.2(c). Then, we could identify the
1970 CCA clusters that belonged to contemporary cities and then de ne the 1970
Syncity boundaries and shapes in Figure 2.2(d). Finally, we could identify Syncity
boundaries and shapes from 1900 to 1960 by keeping the cleaned CCA clusters within
and intersecting with Syncity boundaries in 1970. The nal map shows how CCA
clusters emerged and merged within the Syncity boundaries decade by decade from
1900 to 1970.
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