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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 significant 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 redefined the demographics of American cities but also influenced their economic
opportunities, spatial organization, and environmental challenges. Yet, the effects 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 significant 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



[56]. Despite the profound changes brought about by this migration, its effects on urban
spatial structure and its long-term consequences remain underexplored.

This thesis addresses this gap by focusing on how the Great Migration influenced 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
redefining 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 influx 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 benefits 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 effects of the Great
Migration on economic and environmental outcomes. Using mediation analysis, it
identifies direct and indirect pathways, offering 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 influenced 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?

(a) 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 influenced 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 affected 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 benefits, 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?



(a) What were the short- and long-term economic and environmental
impacts of the influx 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 effects?

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
effects of the Great Migration on economic and environmental outcomes and the
indirect effects 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 offering a foundation for new empirical research in urban studies.
By redefining 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 first to systematically examine its effects on urban
size and shape. By quantifying changes in urban spatial structure and connecting them to
racial composition shifts, the research fills 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 benefits 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 identifies the urban spatial structure as a critical
intermediary, capturing how changes in racial composition indirectly influence economic
and environmental outcomes through the urban form. For example, the study demon-
strates how the influx of African American migrants altered city size and cohesion, which
in turn affected income levels and air quality. The IV approach strengthens these findings
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 effects 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 field.

Finally, this work has significant 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 findings inform debates on urban
sustainability, racial equity, and environmental justice, demonstrating the long-term conse-
quences of demographic and spatial transformations. Moreover, the research offers 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 influenced 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



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, specifically those signifi-
cantly affected by the Great Migration. By redefining urban boundaries through the City
Clustering Algorithm (CCA), the research constructs synthetic cities (Syncities) that bet-
ter reflect 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, defined 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 significance 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
redefined 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. It identifies key trends in urban growth and spatial organization, highlighting
how the Great Migration fits 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 influenced the
size and shape of cities in receiving regions. Using an instrumental variable approach, the
analysis quantifies the causal effects 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 findings underscore the dual-edged nature of urban
expansion, offering insights into the sustainability challenges posed by historical urban
dynamics.

Chapter 6 investigates the pathways through which the Great Migration influenced
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 effects.

Chapter 7, the final chapter, synthesizes the findings 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



limitations regarding data and also identifies areas for future research, building on the
methodological and empirical advances of this work.

Together, these chapters offer 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 [1(], we define 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:

(BpOpi,m?o - BpOPi,1940)
POp;,1940

ABpop;,1940-1970 = (2.1)

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



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 first 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 define the historical urban boundaries. We delineate the urban
areas by following the steps below:

1. Defining 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 0 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 250m x 250m
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 threshold?. 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 x 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.

: T}
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(a) BUA Grid Cells (b) CCA Clusters

Figure 2.1: Defining 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) identifies 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 significant 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 define 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 final map shows how CCA
clusters emerged and merged within the Syncity boundaries decade by decade from
1900 to 1970.
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(c) CCA Clusters (d) CCA Clusters

Figure 2.2: Constructing Syncities: An Example
Note: Figure 2.2(a) shows an example of CCA clusters on the
map around Atlanta in 1970. Figure 2.2(b) shows the CCA clus-
ters when dropping the CCA cluster in Figure 2.2(a) that is <
437,500 square meters. Figure 2.2(c) shows how the CCA clusters
in Figure 2.2(b) intersect with the administrative city boundaries
of Atlanta in 2020. Finally, Figure 2.2(d) shows the 1970 Atlanta
Syncity urban areas in blue polygons that intersect with the 2020
Atlanta administrative boundary.

Next, we picked two representative shape metrics to show the multidimensional aspects
of the Syncities we defined. Firstly, we used the built-up area (BUA) to study the size
of each Syncity. Recall that the BUA on the map represents the total area of grid cells
marked as one, which is 625000m? (250m x 250m) per such cell. We added up the total
BUA for the cells included in each Syncity to serve as the horizontal size of the urban
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land area®. A higher BUA value means a larger area of the Syncity, which means a larger
horizontal expansion.

We used the cohesion index (S) to study Syncities’ shape. The cohesion index (S) is
used to represent the compactness characteristic of a Syncity, and the equation is shown
below:

Cdit+do+ o+ dy

S =
# of point pairs

(2.2)

where di,ds, ..., d, denotes the distance between the center point of any two CCA
clusters within the same Syncity.

Similar to Harari’s paper [11], we defined our cohesion index as the average distance
between the center point of any two CCA clusters within a Syncity. A higher distance
between CCA clusters in a Syncity indicates a more significant disconnection and a longer
transportation distance between those clusters. In other words, a higher cohesion index
value means a lower connectivity level and higher spatial dispersion in a Syncity.

2.1.3 Economic Performance

We are interested in past economic performance during the second wave of the Great
Migration and today’s economic performance. Regarding the past, we used the total income
in 1974 to measure the economic performance. The total income is the product of the city
population for 1975 and city-level income per capita for 1974, obtained from the County
and City Data Book (CCDB) [63]. In addition, the total income in 2010, used to measure
today’s economic performance, is the product of the city population in 2010 and city-level
income per capita in 2010. However, the CCDB only covers the period until 1977, so
the city population and income data in 2010 are derived from the Integrated Public Use
Microdata Series (IPUMS) [54] instead.

To analyze the effects of the changes in the share of Blacks and urban spatial structure
on income levels in 1974 and 2010, we adjusted the income values using the Consumer Price
Index (CPI) to account for inflation. Specifically, we converted the historical dollar values in
1974 into the dollar values in 2010 to consistently compare the income level across different
periods. In other words, we can ensure that the outcomes of both causal relationships are
measured on the same financial standard, making the analysis more meaningful.

3The BUA does not precisely capture the actual building footprint; it indicates the presence of built-up
properties. Therefore, the BUA is greater than or equal to the total actual building footprint over all cells.
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2.1.4 Environmental Performance

We used the Air Quality Index (AQI) data to measure environmental performance. The
main index we focus on is the county-level median AQI in 1980 and 2010, derived from the
United States Environmental Protection Agency (EPA) [18]. We also tested the county-
level max AQI and ratio of unhealthy weather days in 1980 and 2010, derived from the
EPA. In detail, AQI is an indicator that measures air quality. A higher number means
worse air quality. To clarify, an AQI from 0 to 50 means good air quality, 51 to 100 means
moderate air quality, 101 to 150 means unhealthy air quality for sensitive groups, 151 to
200 means unhealthy air quality, 201 to 300 means very unhealthy air quality, and values
over 300 means hazardous air quality [!]. Based on these categories, the ratio of unhealthy
weather days is the ratio of the number of days with AQI over 100 out of the total AQI
recorded days.

2.1.5 Control Variables

Control variables are needed to eliminate the influence of confounding factors in the em-
pirical study. Due to the similarity of the research background and some core variables, we
refer to the selection of control variables in the study of Derenoncourt [16]. These control
variables include shares of the manufacturing labor force, educational upward mobility, the
share of the Black migrants, and region fixed effect. There may be multiple relationships
between these variables and the urban Black population, urban size, shape, income, and
air quality. Therefore, we need to control these potential confounding factors to improve
the accuracy of the regression model in the subsequent empirical study.

Shares of the manufacturing labor force. — This variable is about the share of the labor
force employed in the manufacturing sector in 1940. The county-level data on labor in
the manufacturing sector in 1940 and the total labor force in 1940 were obtained from the
Inter-university Consortium for Political and Social Research (ICPSR) 7736 [64]. Different
cities may experience different development paths because of their different share of the
manufacturing labor force at the beginning of the second wave of the Great Migration.
Therefore, we control for the initial manufacturing labor share of the second wave of the
Great Migration to study the economic and environmental effects of the changes in the
Black population between 1940 and 1970 and the urban spatial structure in 1970 without
the disturbance of the manufacturing factors.

Educational upward mobility. — The county-level education data is derived from the full-
count IPUMS dataset [55]. The share of the population with Grade 9 and above education
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backgrounds in 1940 is used to represent educational upward mobility. At the beginning
of the second wave of the Great Migration, a higher proportion of the population with
a specific education background means more education opportunities in this place. This
place may attract more people who want to pursue better education, especially the Black
migrants from Southern areas. They expect to find more opportunities for themselves and
the next generation during the Great Migration. This may result in urban spatial structure,
economy, or environment changes. Therefore, we need to control the education variable to
avoid the bias brought by education’s impact on the core variables’ causal results.

Share of the Black migrants. — The raw data to calculate this variable is obtained
from the full-count IPUMS dataset [55]. It shows the share of mean numbers of Black
migration from each southern county to the non-southern city in 1940. The proportion
of Black migrants at the beginning of the second wave of the Great Migration may have
significantly influenced the choice of destination for subsequent Black migrants from the
South. For example, they may be more likely to choose cities where they already have
friends and relatives as a destination for migration. In addition, cities with a higher share
of Black migrants in 1940 may have experienced different trajectories in the following
decades, such as changes in urban spatial structure, economy, or environment. Therefore,
we need to control for the proportion of Black migrants at the initial stage to exclude the
potential impact of this initial condition on the causal analysis.

Regional fized effects. — These are dummy variables for different census regions®. Dif-
ferent areas may differ significantly regarding history, culture, and economic and social
policies. The regional characteristics may affect cities’ geographical or economic develop-
ment, migration patterns, and environmental changes. By controlling regional fixed effects,
the study can reduce the disturbance of unobservable factors caused by regional differences
in the regression results to explain the causal results more accurately.

4There are four census regions, including Northeast Region, Midwest Region, South Region, and West
Region.
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2.2 Descriptive Statistics

obs  mean sd min max
Population
Urban Black Population Increase (1940-1970) 133 50,880.8 164,049.8 -516 1,323,171
Urban Population Increase (1940-1970) 133 46,157.8 182434 -170,823 1,859,012
Urban Spatial Structure
Built-up Area (million m?) (1940) 133 156 276 1.5 1580
Built-up Area (million m?) (1970) 133 313 522 5.7 3040
Cohesion Index (km.) (1940) 133 10.6 8.1 0 46.6
Cohesion Index (km.) (1970) 133 9.8 8.3 0 45.9
Economic Performance
Total Income (million) (1974) 133 9,050 25,400 0 194,000
Total Income (million) (2010) 84 15,000 39,600 931 266,000
Environmental Performance
Median AQI (1980) 103 43.1 19.4 15 134
Median AQI (2010) 118 47.3 10.7 18 87
Max AQI (1980) 103 194.4 474 28 336
Max AQI (2010) 118 137.6 44.9 57.5 501
Ratio of Unhealthy Weather Days (1980) 103 0.12 0.12 0 0.63
Ratio of Unhealthy Weather Days (2010) 118 0.03 0.06 0 0.40

Table 2.1: Summary Statistics of Key Variables

Table 2.1 displays descriptive statistics® of key variables for non-southern county-Syncity
unions. First, in terms of the population, there was an average increase in the urban
Black population of around 50 thousand individuals during the second wave of the Great
Migration (1940-1970). Through simple calculations, we can estimate that during the
second wave of the Great Migration, there was an increase of approximately 6.77 million
(50,880.8 x 133) in the urban Black population across non-southern urban areas. Ac-
cording to Tolnay’s paper [56], over 4 million southern-born Blacks lived in non-southern
regions by 1980. Also, based on the literature about the Great Migration, we know that
a significant proportion of this, over 4 million Black migrants, moved during the second
wave of the Great Migration. Therefore, the critical reason for the increase in the urban

5The descriptive statistics presented here are based on the observations that are analyzed in the following
Chapters of empirical studies.
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Black population in non-southern areas during this period was the Black migrations from
the South to non-southern areas. In addition, the non-southern urban area had an ap-
proximately 45 thousand increase in urban population on average over the second wave
of the Great Migration (1940-1970). Compared to around 50 thousand increase in urban
Black population between 1940 and 1970, which is five thousand more than the increase
in total urban population during this period, we reasonably suspect that this five thou-
sand difference is due to the influx of African American migrants into non-southern urban
areas, which push numbers of non-Black residents, mostly are White population, to leave
non-southern cities. Moreover, the large standard deviations for the increase in popu-
lation between 1940 and 1970 indicate a significant difference in total and Black urban
population across county-syncity unions. In our samples, the urban Black population had
the most significant decrease of 516 Black residents while the largest increase of 1,323,171
Black residents. Also, the urban population had the most significant reduction of 170,823
individuals, while the largest increase was 1,859,012 individuals.

Regarding the second key variable, which is the urban spatial structure®, we focus on
two typical spatial metrics, including the built-up area and cohesion index. During the
second wave of the Great Migration (1940-1970), the Built-up area increased from 156
million m? to 313 million m? on average. This 157 million m? increase shows double urban
horizontal expansion between 1940 and 1970. Moreover, during this period, the minimum
built-up area increased nearly fourfold while the maximum built-up area approximately
doubled. The difference in built-up areas across county-syncity unions increases over time
according to the increased standard deviation between 1940 and 1970. On the other hand,
the average cohesion index, which shows the average distance between clusters in Syncities,
slightly decreased from 10.6 km in 1940 to 9.8 km in 1970. Similar to the built-up area, the
difference in cohesion index across county-syncity unions also increased from 1940 to 1970
based on a more significant standard deviation in 1970 compared to 1940. In addition,
the minimum cohesion index is always zero, meaning there was at least a Syncity with
only one cluster, whether in 1940 or 1970. Like the average cohesion index, the maximum
index slightly decreased from 46.6 km in 1940 to 45.9 km in 1970. These decreases show
that the overall spatial connectivity of urban shape was slightly improved while the urban
horizontal expansion increased during the second wave of the Great Migration. Although
the average cohesion index slightly decreased between 1940 and 1970, our empirical study
in Chapter 4 for studying the effect of the increased urban Black population between 1940
and 1970 on the cohesion index in 1970 shows a positive causal result. That is to say, a
region with a higher increase in Black population correlates with a higher spatial dispersion

6Detailed descriptive statistics of urban spatial structure for all America from 1900 to 1970 are shown
in Chapter 3.2.2 when discussing urban spatial development trajectory.
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urban shape in that region.

Based on the summary statistics of Economic performance, the average total income
in 1974 was $9,050 million. It increased to $15,000 million in 20107. The large standard
deviations for the income in 1974 and 2010 indicate a significant difference in income
performance across our regional units, and the increasing standard deviation from 1974 to
2010 shows that the variation in income level today in 2010 became larger compared with
the variation in income level in the last century in 1974. In 1974, the income level was as
low as $0 and as high as $194,000 million. In addition, in 2010, the income level was as
low as $931 million and as high as $266,000 million.

The summary statistics of Environmental performance specifically focus on median
AQI, max AQI, and ratio of unhealthy weather days in 1980 and 2010. According to Table
2.1, the average median AQI was 43.1 in 1980 and 47.3 in 2010. Based on the AQI guide®,
the median AQI in 1980 and 2010 are considered satisfactory air quality with little or no
risk. However, the value is increasing over time, so the air quality is generally worsening.
In terms of the Max AQI, which shows the highest value of AQI for the year, the average
value across regions in America was 194.4 in 1980 and decreased to 137.6 in 2010. This
implies that the extremely unhealthy air quality conditions almost hit very unhealthy levels
of concern in 1980, which indicates a risk of health effects for everyone. This unhealthy
risk of extreme conditions is reduced over time to the level that only causes health risks
to the members of sensitive groups but not the general public in 2010. Recall that the
ratio of unhealthy weather days is the proportion of the days with AQI over 100 out of
the total AQI recorded days. The average ratio of unhealthy weather days in 1980 was
0.12 and reduced to 0.03 in 2010. This indicates an average of 43.8 unhealthy weather
days (0.12 x 365) annually in 1980, and the number of days reduced to 10.95 (0.03 x 365)
annually in 2010. In addition, the standard deviations for median AQI, max AQI, and
ratio of unhealthy weather days decreased over time between 1980 and 2010. That is to
say, the variation in each of these three environmental performance indicators becomes
smaller, meaning the air quality performance across regions in America becomes more and
more similar. Based on our samples, the minimum median AQI in 1980 was as low as 15,
and the maximum was as high as 134. On the other hand, 30 years later, the minimum
median AQI increased to 18, and the maximum value was reduced to only 87. The max
AQI had a minimum value of 28 in 1980, which increased to 57.5 in 2010; the maximum
value of the max AQI in 1980 was 336 in 1980, reaching hazardous levels of concern, and
this maximum value increased to 501 in 2010. Regarding the ratio of unhealthy weather

"We adjusted the monetary values from 1974 to their 2010 equivalents using the Consumer Price Index
(CPI) to account for inflation.
8The AQI Basics for Ozone and Particle Pollution [1].
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days, the minimum number of unhealthy weather days annually was zero in both 1980 and
2010; the maximum number of unhealthy weather days annually was as high as 229.95
(0.63 x 365) in 1980, and this maximum value reduced to 146 (0.4 x 365) days annually in
2010.
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Chapter 3

The Evolution of Urban Spatial
Structure in US: 1900-1970

3.1 Introduction

Urban spatial evolution is a topic that directly impacts people’s lives, particularly as cities
play an essential role in achieving Sustainable Development Goals (SDGs). The way cities
evolve affects economic opportunities, environmental conditions, and social well-being. As
of 2008, more people lived in urban areas than in rural ones, and understanding how cities
develop has never been more crucial. This chapter aims to shed light on how American
cities evolved between 1900 and 1970—a period of significant urban growth and change
driven by technological advancements and major demographic shifts.

This chapter addresses the following questions: (i) How did urban spatial structure
evolve in the United States from 1900 to 19707 (ii) What patterns characterized the
growth and organization of the U.S. urban system during this period? By examining these
questions, we aim to understand the physical expansion of cities and how they transformed
into interconnected urban systems.

Our investigation is supported by two primary motivations. First, the United States,
as a highly urbanized nation, presents a unique case, with urban areas accounting for 74%
of the population in 1970 and 80% by 2008. Second, the availability of data from the
Historical Settlement Data Compilation for the United States (HISDAC-US) allows us to
construct detailed historical urban boundaries, helping to fill a gap in studying U.S. urban
spatial development during this important period.
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Many previous studies have explored the rise and functions of cities, often focusing on
spatial equilibrium theories in economics. For instance, Bosker [11] provided many insights
into the factors underlying the creation of cities, while Jedwab, Johnson, and Koyama [19]
discussed city growth patterns during the Middle Ages, especially in Europe. However,
these studies frequently overlook the initial emergence of cities and neighborhoods, as-
suming a simple outward expansion from a central core. Furthermore, Uhl et al. [28]
highlighted that the lack of comprehensive historical urban data in the U.S. before 1970
limits our understanding of urban spatial development, which creates significant gaps in
understanding the underlying mechanisms of urban evolution.

To construct an appropriate urban spatial dataset, it is essential to consider how urban
boundaries are defined. Many studies have used existing geographical boundaries of offi-
cial administrative units to classify and analyze geospatial data, including state, county,

MSA, city, or town boundaries [28, 30, 53, 66, 70, 71]. However, relying on administra-
tive definitions that depend on qualitative and subjective criteria can lead to inaccuracies,
particularly in rapidly growing urban agglomerations [24]. Administrative boundaries of-

ten fail to capture the true economic and social dynamics of urban areas, and they are
inconsistent across countries [21].

Galdo et al. [66] further showed bias in the official classification of different places, such
as rural and urban, highlighting that many areas classified as rural often exhibit urban
characteristics. Dingel et al. [32] also emphasized that economic interactions frequently
cross administrative boundaries, which can result in misrepresentation when using tradi-
tional definitions. These observations form a core motivation for this chapter’s approach:
redefining urban boundaries to reflect the true extent of urban areas accurately.

Recent literature has proposed several alternative methods for defining urban bound-
aries without official administrative limits. Four main approaches include commuting
zones, nighttime lights, population density, and building footprints. Commuting zones
capture the surrounding travel-to-work regions of a city, providing a functional definition
of urban areas [21]. Additionally, using nighttime lights, population density, or building
density to identify new geographical boundaries through a set threshold provides a more
consistent method for urban delineation. For example, Henderson et al. [2] used building
coverage and population density thresholds to define the boundaries of African cities, while
Daniel Arribas Bel [11] used a machine learning approach in Spain based on building and
search range criteria. Ana Moreno Monroy [5] combined population and transportation
data to draw new boundaries for metropolitan areas.

However, there is no reliable historical data in the United States available for us to apply
these alternative methods, especially for commuting zones, nighttime lights, and population
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density. In our case, building footprint is the most suitable choice, as our primary data
source is built-up related data. To delineate urban areas, we applied the City Clustering
Algorithm (CCA) method to cluster the building footprint data. Although Daniel Arribas
Bel [11] also delineated urban areas based on building footprint, his method relied on
highly accurate building data, which is very limited for historical periods. In comparison,
our CCA method allows us to cluster building footprints based on relatively less precise
construction data, which is more suitable for delineating historical urban boundaries. As
a result, this chapter addresses the limitations of the administrative urban boundaries
found in previous studies and provides a more comprehensive perspective on urban spatial
evolution in the U.S. from 1900 to 1970.

Our contributions are threefold and directly address the limitations highlighted in the
literature. First, we introduce a novel approach to delineate historical urban boundaries
using the CCA. This methodology stands out because it overcomes the inconsistencies
associated with administrative boundaries, which are often influenced by subjective criteria
and fail to capture the true extent of urban areas [24, 66]. Unlike traditional administrative
boundaries, the CCA uses building footprint data, allowing for a more data-driven and
accurate representation of urban boundaries. This approach also builds on previous efforts
by Henderson et al. [21] and others but extends their techniques by applying them to
historical data in a novel context.

Second, we provide a new spatial dataset for urban areas in the United States from
1900 to 1970. This addresses a significant gap in the literature, as highlighted by Uhl et al.
[28], where the lack of comprehensive historical urban data has limited our understanding
of urban evolution. By using building footprint data to create this dataset, we offer a
valuable tool for systematically examining the long-term evolution of U.S. urban areas.
This dataset not only captures urban expansion but also allows for a deeper analysis of
how cities responded to significant historical events, such as the Great Migration, which
has been underexplored in the context of spatial urban studies.

Third, our study links the historical evolution of urban spatial structure with economic
and environmental performance, providing new insights into the long-term implications
of urban growth patterns. This extends the work of Dingel et al. [32], who emphasized
the importance of understanding economic interactions beyond administrative boundaries.
By examining how urban evolution impacted economic outcomes and environmental condi-
tions, our research contributes to a more integrated understanding of urban systems, which
can inform current and future urban planning and policy decisions. This linkage between
spatial structure and performance is particularly important for understanding the broader
implications of urbanization on social and environmental sustainability.
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The chapter is organized as follows: Section 3.2 provides a detailed analysis of the urban
growth trajectory in the United States from 1900 to 1970. Then, Section 3.3 concludes with
insights on how understanding the historical evolution of urban areas can inform current
urban planning and policy decisions.

3.2 Evolution of Cities

To deepen our understanding of the evolution of urban spatial structure in the United
States, we begin by mapping representative Syncities to illustrate their spatial distribution.
We then present development trends in key urban spatial metrics from 1900 to 1970,
providing an overview of the major changes in urban form over this period. Next, we
analyze the spatial distribution of newly formed clusters within Syncities and empirically
examine patterns of city growth. Finally, we investigate the evolution of the broader urban
system in the United States, tracing shifts in structure and scale over time.

3.2.1 Descriptive Maps

For each of the nine regions in the United States, we selected nine representative Syncities:
Jackson (East South Central region), Atlanta (South Atlantic region), Houston (West
South Central region), Kansas City (West North Central region), Boston (New England
region), Chicago (East North Central region), New York (Middle Atlantic region), Los
Angeles (Pacific region), and Las Vegas (Mountain region). These cities were chosen to
observe changes in urban size and shape between 1900 and 1970. We focused on three
key years—1900, 1940, and 1970—to provide a cross-sectional view of their development.
The multi-polygons in Figure 3.1 show the CCA clusters for each Syncity, illustrating their
horizontal size and overall spatial patterns. In the following discussion, we will analyze the
changes in size and shape of these nine Syncities across the selected years.
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Figure 3.1: 9 Representative Syncities in the US: 1900, 1940, and 1970
Note: Red polygons represent the CCA city group of Syncities in 1900, yellow polygons represent
the CCA city group of Syncities in 1940, and blue polygons represent the CCA city group of
Syncities in 1970. In addition, the black lines indicate the administrative city boundaries in 2020.

The maps showed that cities developed at different times and rates. In 1900, the
Northeast was the first region to show significant urban clustering, followed by the Midwest,
then the South, and finally the West. Los Angeles was an exception in the West, having
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some urban clusters in 1900 due to its coastal location, but these clusters were much smaller
compared to those in Northeastern coastal cities. For example, Boston, New York, and
Chicago each had a dominant urban core in 1900, surrounded by smaller sub-cores. This
primary core was significantly larger and denser than the others.

In contrast, cities like Kansas City, Atlanta, and Los Angeles were slower to develop
in 1900, with only an initial main core and surrounding clusters of similar size that were
more randomly distributed. The slowest growing areas were Jackson, Houston, and Las
Vegas, which showed minimal development in 1900, with only a few small clusters or none
at all, as seen in Jackson and Las Vegas.

Over time, cities grew at different rates, with coastal cities developing more rapidly.
Coastal cities had advantages like better transportation and trade opportunities, including
international trade via waterways and access to marine resources, which promoted urban
growth. As a result, Los Angeles, which in 1900 was at a similar stage of development as
inland cities like Kansas City and Atlanta, experienced much faster growth over the next
40 years. By 1970, the difference had become even more pronounced, with Los Angeles
expanding at a significantly higher rate compared to Kansas City and Atlanta.

Regardless of whether a city develops quickly or slowly, its spatial growth follows cer-
tain patterns. By 1970, with the exception of the two cities in the western regions, the
other seven cities had generally evolved in line with the hierarchical urban cluster patterns
observed in Boston, New York, and Chicago in 1900. These patterns are consistent with
central place theory, which describes urban systems as a series of interconnected networks
where cities of different sizes form a structured hierarchy [10]. This theory provides a useful
framework for understanding how urban areas organize themselves spatially, as illustrated
in 3.2 [10].
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Figure 3.2: Urban Hierarchy [10].

The urban hierarchy shown in Figure 3.2 is not strictly followed in practice due to
various real-world factors. Mining areas, for instance, can disrupt the typical distribution
of urban clusters by attracting settlements dedicated to specific economic activities, leading
to unique growth patterns. Geographic features such as mountains, rivers, and deserts can
also impede the formation and growth of urban clusters. For example, Las Vegas did
not develop according to the typical urban hierarchy due to the challenges posed by its
desert environment. Additionally, the construction of transportation infrastructure, such
as highways and railroads, significantly alters natural agglomeration trends, redirecting
growth in ways that deviate from the ideal hierarchical model. These factors demonstrate
that economic activities, geographic constraints, and infrastructure development can shape
urban growth in ways that diverge from the idealized central city model of urban hierarchy.

3.2.2 Trends in Urban Area and Compactness 1900-1970

The statistics in Table 3.1 show urban size and shape trends from 1900 to 1970 in the United
States. The urban size (BUA) increased from 23.2 million square meters to 160 million
square meters. This indicates rapid urban expansions through the horizontal perspective
between 1900 and 1970. Additionally, the standard deviation (SD) for BUA increased year
by year, suggesting that differences in BUA among cities across the country were widening
over time. In other words, cities developed at different speeds, some growing rapidly while
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others lagged. Moreover, the urban spatial dispersion (cohesion index) increased from 5.77
kilometers of the average distance between clusters in 1900 to 9.70 kilometers in 1960 and
then decreased to 8.89 kilometers in 1970. This shows that the urban structure became
less compact year by year until 1960 and showed an increase in urban compactness after
1960.

obs mean sd min max

1900

BUA 357 2.32e+07 6.32e+07 484375.8 7.69e+08
Cohesion Index 357 5.771672 7.192476 0 47.56336
1910

BUA 410 2.92e+07 7.88e+07 449629.2 8.54e+08
Cohesion Index 410 6.132561 7.255913 0 49.46152
1920

BUA 430 4.02e+07 1.03e+08 500000  1.03e+09
Cohesion Index 430 6.595947 7.236134 0 49.53651
1930

BUA 441  5.59e4+07 1.39¢e4+08 562503.2 1.36e+09
Cohesion Index 441 7.445908 7.172131 0 51.318
1940

BUA 450 6.99¢+07 1.64e+08 560552.4 1.58e+09
Cohesion Index 450 &8.140234 7.077637 0 55.37835
1950

BUA 456  9.38e+07 2.06e+08 500003.2 1.88e+09
Cohesion Index 456 8.917134 7.016763 0 60.63997
1960

BUA 461 1.31e+08 2.72e+08 625000  2.59e+09
Cohesion Index 461 9.697917 7.419329 0 66.99203
1970

BUA 462 1.60e4+08 3.14e+08 812494.3 3.04e+09

Cohesion Index 462 8.888095 7.055229 0 71.72318

Table 3.1: Summary Statistics of Urban Spatial Structure from 1900 to 1970
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To further study the development path of urban spatial structure, we use line charts to
show the trends in the shape metrics of Syncities from 1900 to 1970 nationwide and in nine
sample Syncities representing nine different regions in the United States. To answer the
question about how Syncities grow over time, the national trends can help us understand
overall urban spatial development. Syncity-level trends can more clearly reflect the specific
locations of national trend fluctuations.
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Figure 3.3: US National Level Urban Spatial Structure 1900-1970
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Figure 3.5: US Syncity Level Cohesion Index 1900-1970: 9 Representative Examples

From a national perspective in Figure 3.3(a), the overall trend of BUA is increasing. The
magnitude in 1900 is much lower than that in 1970. Moreover, after the dramatic migration
shock in 1910, the growth of the BUA in each decade following 1910 was more significant
than the growth in the decade before it, and growth accelerated after the beginning of the
second wave of the Great Migration (1940) compared to the earlier periods. Furthermore,
according to Figure 3.4, the magnitude of the increase of the BUA is different for each
region. The increase was most significant in the northern areas, followed by the southern
regions, and slower in the West. Again, Los Angeles is an exception in the West due to its
unique status as a coastal city.

Among all Syncities, New York experienced a higher starting point and faster growth,
while Las Vegas had the slowest growth. This is to be expected because much of the north-
ern regions in the United States, particularly the Middle Atlantic region, which includes
the New York metropolitan area, is a powerful financial, business, and technological cen-
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ter. Therefore, it is unsurprising that these cities have accelerated development over the
decades. In the West, the construction of cities is hindered due to geographical factors such
as mountains and deserts. Furthermore, due to its huge area with a small population, the
western regions, especially the Mountain region, lack dense transport and infrastructure
networks, which harms economic activities and development there.

Compared to the size of the city, the changes in city shape from 1900 to 1970 are more
diverse. We observed the degree of urban spatial compactness using the Cohesion Index.
Specifically, a large cohesion index shows a longer average distance between CCA clusters
within a Syncity, which indicates a less compact Syncity. According to the nationwide
Figure 3.3(b), the cohesion index before 1960 increased but peaked in 1960 and began to
decline after that. This shows that the Syncities became less and less compact until 1960
and then turned to become more compact.

In addition, the trends in nine sample Syncities in Figure 3.5 provide us with further
details. According to the line charts, the cohesion index for most of the Syncities shows an
increasing trend, especially after 1910. However, the trend of the cohesion index in New
York and Boston, two highly developed cities, remained relatively stable, suggesting that
their urban structures maintained a consistent level of compactness. Notably, Boston and
Atlanta even faced a decrease in the cohesion index after 1960, showing a move towards a
more compact urban shape after 1960. We can reasonably predict that other cities, which
experienced an increasing trend of the cohesion index from 1900-1970, may stop their urban
sprawl when sufficiently developed.

3.2.3 The Location Distribution of Newly Formed CCA Clusters

The discussion above focused on all CCA clusters in each decade, including older existing
and newly formed clusters. However, it is also valuable to focus only on the newly formed
CCA clusters in each subsequent decade, as this provides us with new insights into how
and where cities construct new buildings over time.
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Figure 3.6: New CCA Clusters Distribution: kdensity

Figure 3.6 shows the distribution of new CCA clusters in the USA from 1900 to 1970.
The x-axis represents the distance (in kilometers) from the first existing core of each Syncity
to each newly formed CCA cluster; the y-axis shows the kernel density, indicating the
clusters’ concentration at different distances to the core.

Comparing the curve of 1900 with that of other years, we can see two apparent peaks
around 1 kilometer and 6 kilometers from the central core. Both reflect that most CCA
clusters stay at such distances from the center core. In 1910, a new CCA cluster was
formed around 2 kilometers from the center core, so the peak moved to 2 kilometers. The
peaks of the curves from 1920 to 1970 are shifting out to the right. For example, the peak
remained at 2 kilometers in 1920 but moved to about 5 in 1970. This reflects that highly
distributed newly formed CCA clusters spread gradually further away from the center core
but within a relatively limited range.

Moreover, the shape of the curves has also changed over the decades. In 1900, the curve
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was pretty broad and smoothed. 1900 is a baseline that includes all the CCA clusters that
exist. Meanwhile, later years’ curves are much narrower and more distinct. They include
only new clusters formed in that specific year, making the data more representative and
concentrated. Furthermore, the bumps of the curves from 1910 until 1970 become more
expansive, which indicates that newly formed clusters are becoming increasingly dispersed.

Figure 3.7 shows an ideal visual presentation of a top-down view to visualize the spatial
distribution of newly formed CCA clusters. The black dot in the center is the Syncity center
core. The radius of the red and the blue concentric circles are 1 kilometer and 6 kilometer,
respectively. Figure 3.7 shows that dark blue building symbols are the typical CCA clusters
in 1900. A majority of these clusters are around Red and Blue circles. The intermediate
black concentric circles indicate distances of 2 kilometers, 3 kilometers, and 5 kilometers
from the center core. We selected three sample years (1910, 1940, and 1970) to show the
distribution of newly formed clusters. The brown building symbols represent clusters in
1910 concentrated around 2 kilometers from the core, light blue building symbols are for
clusters in 1940 around 3 kilometers from the core, and green building symbols are for
clusters in 1970 around 5 kilometers from the core.
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Figure 3.7: New CCA Clusters Distribution: Top-down View

Fig 3.7 shows that, whereas CCA clusters that form appear gradually farther from the
center core, they also tend to fill in the spaces between the older clusters at the same
time, showing a feature of urban infill rather than all the way sprawl. In other words,
urban spatial development involves merging and filling areas between older clusters rather
than just expanding outward®. Let’s consider each CCA cluster as a "seed.” The results
based on the distribution of newly formed CCA clusters tell us that the city grows not
only because each seed expands bigger or new seeds are placed radially from the center
core, as the traditional economic model suggests, but also because the new seeds are placed
between existing seeds.

!The Kdensity curve of the newly formed CCA clusters in two selected Syncities — Atlanta and Cleveland
— also shows a similar result as the national-level curves. The Kdensity graphs of Atlanta and Cleveland
are in Appendix A.
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3.2.4 City Growth Patterns

Two Equilibrium Conditions

The first growth pattern we are interested in is how likely CCA clusters will be part of
a Syncity over the years. We applied the equilibrium condition in Allen’s paper [59] to
test this pattern. Allen [59] proposed allocating a location to the nation whose capital is
closest. Specifically, according to the definition of dynamic equilibrium, the territory of a
nation at any given time ¢ is determined by the set of locations s that is closer to its capital
Capital;; compared to other capital Capitalj;. In other words, the boundary of a nation
is shaped by the locations to its nearest capital. So, based on this framework, Allen [59]
regressed a dummy variable equal to one if a location s in a nation ¢ in a given time ¢ on
the distance between this location s and the capital C'apital;,.

Based on Allen’s study [59] of national-level land allocation, we hypothesized that
this national-level equilibrium condition can also be applied to our Syncity-level to exam-
ine Syncity-level land allocation. Specifically, we empirically tested this condition at the
Syncity level by using the given location of the Syncity center, which is determined by the
center point of the CCA cluster with the highest build-up intensity?. It is worth noting
that we keep the Syncity center consistent for each decade, using the center point in the
first existing year. So we can make sure that we only have the CCA clusters changing over
time while the urban center is constant. In other words, the variation is not because of
the changing center point but because the new cluster exists. As a result, we can success-
fully study if the observed Syncity affiliation of the CCA clusters is consistent with the
prediction of the equilibrium condition. The equation is shown below:

1{@ S SynCityct}act = 5d (CL, xct) + 5at + 6ct + 5ac + €act (31)

The dependent variable is a dummy variable that equals one if CCA cluster a is part
of Syncity ¢ in period t. We regressed the dependent variable on the distance between a
and the Syncity center x., corresponding with three fixed effects to account for various
influences. First, we included the CCA cluster — year fixed effect d,;, accounting for the
average distance between CCA clusters and all Syncity centers each year. Second, the
Syncity — year fixed effect é., captures the interaction between the Syncity code and year.

2The data of build-up intensity for each CCA cluster is derived from the Historical Settlement Data
Compilation for the United States (HISDAC-US) [74]. The build-up intensity reflects the total amount
of indoor building area for each CCA cluster, which shows the total built-up volume. Thus, the highest
build-up intensity indicates the busiest cluster within a Syncity
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Third, we included the CCA cluster — Syncity fixed effect d,., representing the interaction
between the CCA cluster and Syncity code.

The second growth pattern we are interested in is how the core center of a Syncity
is located over the years. According to the definition of dynamic equilibrium in Allen’s
paper [59], the location of a capital Capital; should equal the location that minimizes
the total weighted distance to all points within the territory. So, based on this framework
and testing this equilibrium condition empirically, Allen regressed the distance between a
location and its real capital on the distance between that location and the location of the
centroid point, which can minimize the distance to all points within the territory [59].

To investigate how the urban center is located over time for our Syncity-level empirical
case, we tested this equilibrium condition from Allen’s paper [59], which assumes that a
nation’s capital is located to minimize internal transportation costs. Specifically, we tested
the distance between the location and the Syncity center, and the distance between the
location and the Syncity centroid point using the equation 3.2. Unlike the investigation of
the first equilibrium condition, we did not make the Syncity center or the relative centroid
point constant over the years but looked at the changes in these pair of points to see
whether they grew further or closer to each other over the years.

d (@, %0t) o = Bd (@, 25" 4 Gy 4 G+ €ar (3.2)

The dependent variable represents the distance of a CCA cluster to its Syncity’s center.
We regressed the dependent variable on the distance of the CCA cluster to its Syncity’s
centroid with two fixed effects for a more robust analysis. One is the Syncity — year fixed
effect 6., that captures the interaction between each Syncity and year, while another is the
CCA cluster — Syncity fixed effect d,. that accounts for the interaction between the CCA
cluster and the corresponding Syncity.

Results

Figure 3.8 shows the results of the probability that CCA clusters will become part of the
Syncity. Figure 3.9 shows whether the center core of the Syncity is located to minimize
internal transportation costs. These results confirm that the two equilibrium conditions
proposed by Allen [79] at the national level also apply to the Syncity-level. Additionally,
these results indicate the patterns of the CCA clusters during urban spatial development.
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Figure 3.8: Probability of Being Part of a Syncity

Figure 3.8 shows that the outcomes from 1900 to 1970 are similar. We can see that
when the distance from the CCA cluster to the center of Syncity increases, the probability
of a CCA cluster taking part in the Syncity will decrease sharply. If it is nearer to the core
of Syncity, the reduction will be sharper. Still, if the distance from CCA clusters to the
center is far from the core of Syncity, the probability reduction will be minimal or nearly
zero. The distance from CCA clusters to the center will play an essential role in Syncity
for determining whether or not the CCA cluster will be compatible. Clusters close to the
center will be more likely to get into Syncity, but those farther to the center will be less
likely to get into Syncity.
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Year Coefficient ()

1900 1.102°
(0.034)
1910 1.115
(0.022)
1920 1.063*
(0.011)
1930 1.066*
(0.010)
1940 1.016°
(0.006)
1950 0.965
(0.010)
1960 0.960
(0.010)
1970 0.991?
(0.011)

Note: * denotes significance at the 1 percent level.

Table 3.2: Coeflicients: Distance to Centroid vs. Distance to Center

Figure 3.9 shows the distance relationship between CCA clusters and the Syncity’s
center core and centroid, respectively. We can tell that CCA clusters far from the centroid
of a Syncity are also far from the center core. Additionally, when the distance from CCA
clusters to the Syncity centroid equals the distance to the center core (when the coefficient
[ equals one), there is a high probability that the centroid point overlaps with the center
core point, indicating that the internal transportation costs of the Syncity are minimized at
this time. The results in Table 3.2 show that, over time, the coefficient gradually reaches
one, indicating that Syncities have continuously become more organized by minimizing
internal transportation distance.

39



3.2.5 Evolution of the Urban System in the United States

Zipt’s law is a well-known principle in urban geography. Scholars often use this law to
show that cities are complex systems because their size distribution does not follow simple
statistical patterns but follows a more complex rank-size rule [10].

rank(N) = <N]“\}a") Z (3.3)

According to the rank-size rule in Equation 3.3, N is the population size of a city, and
Npax 18 the population of the biggest city in the urban system. To fully follow the rank-size
rule, the z is equal to 1. In other words, in any urban system in the world, if cities are listed
using the population to show the size, the second largest city will have half the population
of the biggest, the third largest city will have one-third of the population, etc.
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Figure 3.10: Zipf’s Illustration of the Rank-size Rule for US City Population: 1900-1970
Note: The thick gray line indicates the rank-size rule with z = 1.

Inspired by the theory of Zipf’s law, which suggests a relationship between a city’s rank
and its size, we decided to examine the relationship between a certain urban character-
istic and its rank. Specifically, we tested the aggregated population in the Syncities we
delineated, the built-up areas in these Syncities, and the cohesion index in these Syncities.
We want to find how they behave or the patterns they have to understand these urban
characteristics and also understand the urban system as a whole.

The curve for the population in Figure 3.10 shows that the rank of the population is
inversely proportional to the population for each of the decades between 1900 and 1970.
It means that when the rank of the population increases, the population size decreases
proportionally. However, there is a decay at large ranks, which means a visible systematic
deviation in terms of small cities. This result is very similar to the findings in the past
literature. Bettencourt [10] tested the rank-size rule for populations in U.S. administrative
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cities from 1790 to 1930 and concluded that “Zipf’s law is an approximate description of
the city size distribution, with some visible systematic deviations in terms of smaller city
sizes and slopes.” This may be because the data for very small cities is incomplete and
sometimes hard to gather. Another reason may be that the tiny cities are not mature
enough to follow the system patterns compared to others, which are in a relatively more
mature stage.

The result above helps us understand the hierarchical structure of urban systems by
studying the relationship between rank and size. Most existing research has defined size by
population [10]. However, the spatial horizontal expansion of a city is also an important and
direct indicator of its size. Therefore, we not only tested population but also innovatively
tested for urban size, which is one indicator of urban spatial structure. Moreover, we
are also interested in the relationship between rank and urban shape, which is another
indicator of urban spatial structure. As a result, we can contribute to previous literature
by capturing spatial dimensions beyond population, which can help us better link to the
practice regarding transportation and land use.
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Figure 3.11: Zipf’s Hlustration of the Rank-size Rule for US Urban Spatial Structure:

1900-1970
Note: The thick gray line indicates the rank-size rule with z = 1.

According to Figure 3.11(a), the curves have a similar pattern as the curves of the
population. Different from the population, the curves for built-up areas have outliers at
the beginning. All in all, for cities that are not extremely large or very small, their BUA
rank is inversely proportional to their BUA size. Moreover, small cities as outliers may have
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similar reasons as I talked about above. Extreme large cities as outliers may be because
they are more likely to build vertically but not expand horizontally. This will cause the
changes in BUA ranks of larger cities to be smaller than for other cities. In addition, the
main slope of the BUA curve is similar to the one for population; it is because the built-up
areas can directly reflect the size of the population in a city.

Regarding the cohesion index, which represents urban shape, Figure 3.11(b) shows that
the relationship between the cohesion index and its rank follows a certain proportion for
most cities. However, this proportion is different from the results of BUA and population.
This may be because the cohesion index deals with a different dimension from BUA.
Specifically, the cohesion index is the one that reflects the spatial dispersion level in cities,
but BUA reflects the land occupation in cities. They discuss different perspectives leading
to different slopes for curves. This result shows motivation for future studies to investigate
why the cohesion index follows a different pattern compared to the urban size.

The hierarchical structure of city sizes follows Zipf’s law. According to the test above,
the city’s “size” can be population or geographic size, such as BUA. In other words, we
can understand that an urban system emerges when the “size” follows Zipf’s law. This
hypothesis allows us to study the dynamic development trajectory of the urban system in
the United States.

However, the Syncity-level urban size or population is not applicable when exploring
the dynamic development trajectory of the urban system. In terms of the urban size, BUA
for each Syncity, in our case, is derived from the CCA clusters that have already been
cleaned and grouped for each Syncity. These pre-processed CCA clusters constituting each
Syncity cannot fully display how randomly individual clusters gradually grow and merge
to form a complete urban system. These pre-processed CCA clusters have always appeared
as a “city” cluster, the Syncity. Also, there is a similar problem for urban populations.
They have already been aggregated to represent the size of a complete Syncity but cannot
show the dynamic process of how people gather together to form a Syncity. Therefore, the
previous application of the Syncity-level rank-size rule shows a similar trend from 1900 to
1970 when following Zipf’s law, which does not effectively reveal any dynamic development
path of the urban system over the years.

This problem can be solved if we do not focus on the already formed Syncities but
look at the random individual clusters and capture the merging path of these clusters.
Although we do not have population data for the random individual clusters, we have an
excellent alternative indicator, BUA, to show the size of the random individual clusters.
Specifically, we do not restrict the analysis of the rank-size rule within the boundaries of
Syncities but leave all the original CCA clusters within the US. Then, we applied the BUA
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of these random clusters to examine the evolution of the urban system by testing how the
size of these random clusters has followed Zipf’s law over the years. Following the form of
the rank-size rule, we applied the equation to test the relationship of rank (N) — the rank
of BUA for each CCA cluster in the US — and N — the size of BUA of each CCA cluster in
the US. We obtained the equation by using the logarithm of the rank-size rule form:

logyg (rank (N),) = 2 X (10819 (Nmax) — 1081 (N),) (3-4)

where a denotes each CCA cluster, and Ny, is the BUA value of the largest CCA
cluster.

Based on the Equation 3.4, we calculated the coefficient z for 1900, 1940, 1970, and
2010. According to Zipf’s law, coefficient z = 1 represents an ideal urban system possessing
an optimal hierarchical structure. Because some factors will lead to an actual urban system
deviation from the perfect one, we expect the actual coefficient z to be as close to an ideal
“1” as possible. In other words, the closer the coefficient z is to 1, the closer the hierarchical
structure of an urban system is to the normativity.
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Figure 3.12: z Value for Rank-size Rule

Figure 3.12 shows the value of coefficient z for each cross-sectional year. The coeffi-
cient z gradually approaches one over time, decreasing from 1.67 in 1900 to 1.13 in 2010,
indicating that the American urban system is progressively achieving a relatively ideal
hierarchical structure. Additionally, we can observe that the development speed of the
American urban system experienced a jump after 1940 and maintained this higher devel-
opment speed until the present (2010). We reasonably suspect that the second wave of the

Great Migration, which started in 1940, accelerated the development of the urban system
in the United States.
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3.3 Discussion

In this chapter, we studied the urban spatial development in the United States between
1900 and 1970 using reconstructed urban areas and a new spatial dataset. We applied
the City Clustering Algorithm (CCA) to create historical urban areas in America, which
allowed us to generate new data that helped us understand urban spatial dynamics and
the evolution of the urban system over time.

This new urban spatial data not only adds to our knowledge of the historical urban
structure in the U.S. before 1970 but also helps avoid the subjectivity of using adminis-
trative boundaries. As a result, we can reveal patterns and trends in urban development
more accurately. Compared to analyses based on administrative boundaries, our results
provide a closer representation of reality. Here are some insights from our findings:

Our analysis of cities, regardless of their location or when they emerged, showed a
strong consistency in development patterns. While not all cities develop similarly or at
the same pace, we saw distinct patterns across different regions, such as inland versus
coastal cities. These findings highlight the orderly yet complex trajectory of American
urban development.

From a broader perspective, between 1900 and 1970, American cities followed highly
regular trends in expansion and shape evolution. New CCA clusters each year tended to
fill gaps between existing clusters, while some expanded outward.

By applying Zipf’s law, we observed that the American urban system continued to
develop towards a more defined hierarchical structure. According to Zipf’s law, mature
urban systems have a predictable size distribution, where the rank of a city is inversely
proportional to its population size. Our findings show that the urban system advanced
significantly, aligning more with the expectations of Zipf’s law, though it has not yet
reached full maturity.

We also found that the distribution of clusters within cities follows a specific pattern.
Allen’s equilibrium conditions show that clusters closer to the city center are more closely
tied to the city. As mentioned earlier, urban growth tends to begin at the core, where
clusters are more densely packed due to higher socio-economic activity and infrastructure.
This pattern suggests that city centers are highly attractive because of better access to
services and economic opportunities, leading to structured growth from the center outward.

Examining equilibrium conditions also shows that cities became more organized over
time by reducing internal transportation costs and improving efficiency. Cities worked to
organize their spatial layouts, which led to better-connected clusters and more efficient ur-
ban structures. This process was driven by technological advancements, economic factors,
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and demographic changes. Cities aimed to minimize the distance between residential, com-
mercial, and industrial areas to improve accessibility and reduce costs. This reorganization
shows cities adapt to balance growth and efficiency and minimize costs, highlighting their
dynamic nature.

Our findings offer urban planners and policymakers a historical perspective to under-
stand better how American cities have developed. This knowledge can be used to improve
urban planning to support SDG 11: making cities inclusive, safe, resilient, and sustainable
[62]. Our research provides valuable tools for planners and policymakers. The methods
used to construct urban boundaries can be applied to historical cities as well as to study
the development paths of modern cities. Urban planning departments can use similar clus-
tering methods to analyze urban spatial dynamics. Instead of relying on administrative
boundaries, planners can adjust policies based on real development needs. For example,
clustering data can identify high-potential areas for urban expansion, helping planners align
construction with actual needs. Planners can also use this data to adjust transportation
and infrastructure, improve traffic flow, and reduce congestion, making urban areas more
efficient and reducing carbon emissions.

Additionally, our findings can help predict future urban development paths. By an-
alyzing the trends in size, compactness, and cluster evolution, urban planners can more
comprehensively understand development patterns and accurately predict future trends.
This will help them create better land-use plans and urban structures, leading to more
sustainable cities.
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Chapter 4

Demographic Shocks and Urban
Spatial Change: Lessons from the
Great Migration

4.1 Introduction

The second wave of the Great Migration (1940-1970) was a pivotal demographic event that
reshaped the urban landscapes of many U.S. cities. African Americans, seeking better
opportunities, migrated from the rural South to urban centers in the North and West,
transforming these cities’ racial, social, and economic dynamics. Specifically, in the white
flight, which happened during the second wave of the Great Migration, a number of the
white population chose to move from the city center to the suburban, directly changing
the urban population structure and urban community composition [39]. To deal with the
changing racial composition, policies, such as the zoning law and redlining policy, were
used to enhance racial segregation [3, 76]. These social and political changes increased the
spread of cities horizontally and changed the composition of who lives where. So, we expect
to see how society and policy shape urban spatial structure after the dramatic influx of
the Black population in urban areas.

This shift is not only a significant part of U.S. history but also a lens through which we
can explore how large-scale migration impacts urban spatial structures. These changes in
urban form, particularly in size and spatial distribution, have lasting effects on economic
activity, housing markets, and infrastructure development. Understanding the spatial con-
sequences of this migration wave is essential for grasping how demographic shifts reshape
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cities.

This chapter addresses the question: What was the impact of the Second Wave of
the Great Migration on urban spatial structure? Specifically, we examine the impact of
these demographic changes on non-Southern cities, investigating whether increased racial
diversity led to horizontal urban expansion and changes in the spatial cohesion of city
structures. It should be noted that the Great Migration is just used as an exogenous shock
to population size for us to study the effect on cities when they receive a big amount of
population in a short period of time. Using an instrumental variables (IV) approach, we
aim to uncover causal relationships between the changing population and urban spatial
structure.

To investigate the relationship between Black migration and urban spatial changes,
we employ a two-stage empirical approach using instrumental variables (IV) regression to
address potential endogeneity concerns. The key challenge in estimating the causal effect
of demographic shifts on urban form is that migration patterns may both influence and
be influenced by pre-existing urban characteristics. To overcome this, we construct an
instrumental variable based on predicted Black migration flows from 1940 to 1970, lever-
aging historical migration patterns prior to the second wave of the Great Migration. By
relying on exogenous factors such as cultural ties and pre-established migration networks,
this IV approach isolates the demographic impact of the migration shock on cities’ physical
expansion and spatial distribution. We then apply this instrument to estimate the causal
effect of changes in the Black population on two key urban outcomes: the total built-up
area (BUA) as a measure of urban size and the cohesion index, which captures the spatial
dispersion of urban clusters. This methodology allows us to disentangle the independent
effect of racial composition changes on urban form, providing more credible estimates than
simple OLS models that may suffer from bias due to reverse causality.

A key contribution to understanding the impact of the Great Migration on urban envi-
ronments is provided by Derenoncourt [10] in her study “Can You Move to Opportunity?
Evidence from the Great Migration.” Derenoncourt’s work demonstrates that migration
led to a significant reduction in the gains from growing up in northern cities for Black
families, primarily due to persistent segregation, increased crime, and changes in local gov-
ernment policies. By interacting pre-1940 Black migrants’ location choices with predicted
southern county out-migration, she shows that the response of destination locations was
critical in shaping the economic opportunities for migrants and their descendants. This
nuanced perspective of “moving to opportunity” highlights that, despite the promise of
better economic conditions in the North, the local reactions to the influx of Black migrants
had enduring negative effects on upward mobility. The insights from Derenoncourt’s re-
search are highly relevant to our study, as they underscore the importance of examining
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the broader consequences of demographic changes on urban spatial dynamics and socioe-
conomic outcomes.

Prior research on the Great Migration has largely focused on its social and economic
consequences, with an emphasis on residential segregation [36, 37] and racialized public
policies [3, 61]. While these studies highlight the negative consequences of discriminatory
housing practices and segregation, they leave unexplored the direct effects of migration
on the physical size and shape of cities. Although residential segregation is a key factor
in urban spatial outcomes, the literature has yet to fully integrate an analysis of how
demographic changes driven by the Great Migration influenced urban growth and the
dispersal of urban clusters.

The broader social and political context of the Great Migration also played a significant
role in shaping urban spaces. For instance, Sugrue [58] highlights how post-war economic
restructuring and discriminatory housing policies led to stark racial divisions in urban
environments, exacerbating the physical separation between Black and white communities.
This separation influenced the physical growth of cities as white residents increasingly
moved to suburban areas, leading to urban sprawl and a decline in urban density. Similarly,
Massey and Denton [13] argue that institutionalized racism and economic barriers confined
Black migrants to specific neighborhoods, affecting urban development patterns and leading
to spatial segregation that persists today.

Another critical aspect of the antecedent literature involves the relationship between
migration and urban infrastructure. As noted by Logan and Molotch [31], the influx of
African American migrants led to shifts in urban priorities, including changes in public
infrastructure and service provision. These shifts often resulted in underinvestment in
predominantly Black neighborhoods, which in turn influenced urban form by restricting
the growth and quality of these areas. This lack of equitable investment further entrenched
spatial inequalities, with long-term implications for urban cohesion and expansion.

Moreover, Boustan [39] provides evidence that the economic incentives driving migra-
tion also had spatial implications for cities. The clustering of African American communi-
ties in specific urban areas, often driven by employment opportunities, created pressures on
housing markets and influenced patterns of urban expansion. These pressures contributed
to a patchwork of urban growth, where some areas expanded rapidly while others were
neglected, leading to a fragmented urban landscape.

This chapter makes three main contributions to the literature. First, it extends the
analysis of the Great Migration by focusing not only on social and economic impacts but
also on spatial outcomes, filling a gap in our understanding of how demographic shocks
reshape urban environments. While much of the existing literature has centered on resi-
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dential segregation and public policy implications, this chapter provides direct empirical
evidence on how migration-driven demographic changes influenced urban size and cohe-
sion. By expanding the scope to spatial outcomes, we offer new insights into the broader
ramifications of the Great Migration on urban development.

Second, this chapter uses newly defined spatial datasets that capture historical changes
in urban form, allowing for a more nuanced examination of how cities grew and evolved
during this period. These datasets provide a level of precision that is not available in most
prior studies, which often rely on less granular data. By utilizing these newly constructed
datasets, we contribute to the literature by providing a more precise and more detailed
picture of urban spatial dynamics and how they were affected by demographic shifts. This
data-driven approach allows us to pinpoint the specific aspects of urban growth influenced
by the influx of Black migrants.

Third, the use of an IV approach to address endogeneity concerns marks a significant
methodological contribution. Previous studies on the Great Migration have often relied
on correlational analyses, which can suffer from biases due to reverse causality or omitted
variable issues. By employing an IV approach, we provide robust causal estimates of the
effect of Black migration on urban size and cohesion. This methodological rigor strengthens
the validity of our findings and sets a new standard for future research on the impact of
demographic shocks on urban environments. Our approach contributes to a more reliable
understanding of the long-term urban effects of demographic changes and provides a robust
framework for analyzing similar migration-induced transformations in other contexts.

The chapter proceeds as follows. Section 4.2 outlines the empirical strategy, detailing
the construction of the instrumental variable and the regression model. Section 4.3 presents
the results, showing the effects of migration on urban size and cohesion. Finally, Section
4.4 discusses the broader implications of these findings, particularly how they relate to
ongoing urban planning and policy debates.
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4.2 Empirical Strategy

Urban Size (1970)

{Urhnn Shape (|9Tlnj

Figure 4.1: The Effect of the Racial Composition Shock on Urban Spatial Structure

Racial Composition Shock
(1940-1970)

In this section, we outline the empirical strategy used to identify the causal effects of the
second wave of the Great Migration on urban spatial structures. As shown in Figure 4.1,
we focus on the effect of the racial composition shock on urban size, which is represented
by the built-up area (BUA, area;1970), and on urban shape, which is represented by the
cohesion index (S; 1970). Moreover, the racial composition shock is measured by the changes
in the share of Blacks (ABpop; 1940-1970). The equations for Ordinary Least Squares (OLS)
regression to examine the simple linear relationships between the racial composition shock
and urban spatial structures are given below:

In(area; 1970) = a x In(ABpop; 1940-1970) + € (4.1)

ln(si,1970) =bx ln(ABp0p1,1940—1970) + € (4.2)

where ¢ represents each county-Syncity union.

However, the key challenge in this analysis is to address potential endogeneity concerns.
Specifically, migration patterns are likely influenced by characteristics of the destination
cities while simultaneously shaping these cities, thus making it difficult to disentangle cause
and effect using ordinary least squares (OLS) regression alone. To mitigate these endo-
geneity issues, we employ an instrumental variables (IV) approach, leveraging historical
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migration patterns to create an exogenous variation in Black migration flows. This allows
us to isolate the impact of demographic changes on urban growth while reducing biases
from reverse causality or omitted variables.

Our empirical approach has two main components: the construction of an instrumental
variable (IV) and the estimation of effects on urban outcomes.

4.2.1 Instrumental Variable Construction: Predicted Black Mi-
gration

The instrumental variable used in this study is based on predicted Black migration flows
from southern states to non-Southern urban centers during the period 1940-1970. The con-
struction of this IV follows the method introduced in Derenoncourt’s paper [16]. The IV
is designed to capture exogenous variations in migration flows that are not correlated with
contemporary urban dynamics. This is done by predicting migration using pre-1940 settle-
ment patterns driven by cultural ties, community networks, and the historical distribution
of Black populations.

The validity of this IV rests on two main assumptions:

1. Relevance. The IV must be correlated with the endogenous variable, which in this
case is the actual change in the share of Black residents in non-southern urban areas
during the migration period. Based on historical trends, this assumption is justified
as the predicted Black migration rate is highly correlated with actual migration
patterns due to persistent cultural and community factors.

2. Exclusion Restriction. The IV must not be correlated with the error term of the
outcome equations. This implies that the predicted Black migration should influence
urban spatial structures only through its impact on the share of Black residents, not
directly through other unobserved factors. Although this requirement is difficult to
test directly, it is reasonable to assume that the predicted migration flows—based on
historical trends before the second wave—are exogenous to contemporaneous shocks
affecting urban outcomes.

Following Derenoncourt [16], the predicted Black migration rate for each southern
county was calculated by dividing the number of out-migrants from each southern county
between 1935 and 1940 by the total population of that county in 1935. Subsequently, the
predicted Black out-migration for each southern county from 1940 to 1970 was estimated
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using economic predictors identified by Boustan [39], including factors like agricultural
mechanization and changes in employment opportunities. By interacting these predicted
migration rates with pre-1940 settlement patterns, we constructed an instrumental variable
that measures the expected influx of migrants to each urban area during the second wave
of the Great Migration.

Different from Derenoncourt [16], we used city-level observations instead of the com-
muting zone level that she used to further aggregate up to the county-Syncity union level.

The instrumental variable is thus constructed as follows:

’ 19351940~ 19401970
M; 1940-1970 = § E Wi m; (4.3)

jeS cei

where i denotes each county-Syncity union, j denotes southern counties, and (w;2*°~1949)

jc
is the pre-1940 migration rate from county j to city c¢. The term fn]l-940_1970 represents the

predicted out-migration from southern county ;5 during the study period.

4.2.2 Estimating Equations

~

Using the predicted Black migration (M;1940-1970) as an instrumental variable, we estimate
the impact of demographic changes on two key urban outcomes: the total built-up area
(BUA) as a measure of urban size (area;970), and a cohesion index that captures the
spatial dispersion and connectivity of urban clusters (S;1970)-

The estimation involves a two-stage least squares (2SLS) approach. In the first stage,
we estimate the relationship between the instrumental variable and the endogenous regres-
sor—the change in the share of Black residents between 1940 and 1970:

In(ABpop; 1910-1070) = 0% x ln(Mi,1940—1970> +X; + ¢ (4.4)

where X; is a set of control variables, including the share of the manufacturing labor
force, educational upward mobility, the share of 1940 Black migrants, and regional fixed
effects.

In the second stage, we use the predicted values from the first stage to estimate the
effect of changes in the share of Black residents on urban outcomes:

In(area; 970) = oy X IN(ABpop; 1940_1970) + Xi + € (4.5)
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In(Sia970) = By ¥ In(ABpop; 1940-1970) + Xi + € (4.6)

In Equation 4.5 and 4.6, o, and (I, represent the effect of the changes in the share
of Blacks on urban size and urban shape, respectively. Using the IV approach, we aim to
provide causal estimates of the demographic impacts on urban spatial changes, accounting
for potential biases that could arise if migration patterns were endogenously determined
by city characteristics.

This empirical strategy allows us to answer our central research question: What was the
impact of the Second Wave of the Great Migration on urban spatial structure? By using
an instrumental variable approach grounded in historical migration patterns, we provide
credible causal estimates that contribute to our understanding of how demographic shifts
reshape urban environments.

4.3 Results

In this section, we present the results of our analysis of the effects of the second wave of the
Great Migration on urban spatial structures. Using the methods discussed in the previous
sections, we estimated the impact of changes in the share of Black residents on both urban
size and urban cohesion.

Specifically, we obtained regression results that are reported in Tables 4.1 and 4.2,
illustrating the effects of the migration-induced changes in racial composition on the built-
up urban area (BUA) and urban shape, respectively.

Column (1) displays the results without control variables. Column (2) reports the
results of controlling the characteristics and region fixed effects. Column (3) shows the
OLS results as a baseline reference. The ordinary least squares (OLS) results also indicate
a positive relationship, though the coefficient is smaller than that obtained using the IV
approach, highlighting the endogeneity issues present in the OLS estimates. Moreover, we
cluster at the County-Syncity Union level, which is our merged spatial unit, to make sure
the standard errors will not be underestimated.

According to Table 4.1, the second-stage instrumental variables (IV) regression results
show a significant positive relationship between the change in the share of Black residents
during the Great Migration and urban size. Our preferred estimate, which includes all
control variables (column 2), suggests that a 1% increase in the share of Black residents
between 1940 and 1970 led to a 1.644% increase in the built-up urban area by 1970. Given
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that cities in 1970 were, on average, 354 square kilometers in size, this implies an expansion
of approximately 5.82 square kilometers in response to the migration shock.

During this period, the share of the Black population increased by an average of 11%,
which corresponds to roughly 58,800 additional Black residents in an average city. This
implies that for every 100 new Black residents, there was an expansion of around 1 square
kilometer. While this figure suggests a relatively high population density, it is important
to note that not all new migrants settled in newly expanded areas. Many likely moved into
existing neighborhoods, filling vacant properties or contributing to vertical growth through
higher-density developments.

Table 4.1: [Dependent: Ln BUA 1970]
(1) (2) (3)
(IV)Second Stage OLS
Ln Changes in Share of Blacks 1940-1970 (a%,) 1.289% 1.644* 638

((164)  (234)  (.001)
(IV)First Stage

Ln Predicted Black Migration 1940-1970 .300% .240*

(.030) (.032)
Observations 115 115 115
Cragg-Donald Wald F statistic 75.048 33.640
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Table 4.2 presents the results for urban shape, as measured by the cohesion index, which
captures the spatial dispersion and connectivity of urban areas. The instrumental variables
(IV) regression results indicate a significant positive relationship, showing that each 1%
increase in the share of Black residents led to a 0.44% increase in the cohesion index. Given
that the average cohesion index was approximately 10 kilometers, this translates to a rise
of around 45 meters in the average distance between built clusters within a city. Using
the same baseline population numbers as above implies an increase of about 8 meters in
spatial dispersion per 100 new migrants.

This finding suggests that migration-driven population changes contributed to a more
dispersed urban form, as evidenced by the growing distance between urban clusters. Such
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increased dispersion reflects the pressures placed on existing infrastructure and the need for
expanding spatial footprints to accommodate the incoming population, resulting in a less
cohesive urban landscape. This pattern also aligns with historical accounts of the Great
Migration, where exclusionary zoning practices and residential segregation often pushed
new arrivals to the urban periphery, thereby reshaping the spatial structure of cities.

Table 4.2: [Dependent: Ln Cohesion Index 1970]
(1) (2) (3)
(IV)Second Stage OLS
Ln Changes in Share of Blacks 1940-1970 (8%,) .425% 440P 120P

(130)  (219)  (.060)
(IV)First Stage

Ln Predicted Black Migration 1940-1970 .300* .240*

(.030) (.032)
Observations 115 115 115
Cragg-Donald Wald F statistic 75.048 33.640
Control X

Note: *,°, and © denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

The findings indicate that migration-induced increases in the share of Black residents
had a substantial impact on urban form. The horizontal expansion of cities (increased ur-
ban size) likely responded to the increased demand for housing, infrastructure, and services
driven by a growing population. Meanwhile, the increase in the cohesion index suggests
that urban areas became more spatially fragmented as new residential or commercial clus-
ters emerged at the city periphery or existing clusters expanded.

These patterns align with the historical context of the Great Migration, during which
many African Americans moved to urban centers in search of economic opportunities. As a
result, non-Southern cities underwent a significant transformation, both in terms of expand-
ing their physical footprint and in the evolving spatial distribution of their neighborhoods
and commercial centers.
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4.4 Discussion

We examined how migration-induced changes in the share of Black residents during the
second wave of the Great Migration influenced urban spatial structures in non-Southern
cities. Specifically, we employed an instrumental variables (IV) approach to address endo-
geneity concerns, using predicted Black migration from 1940 to 1970 as an instrument to
isolate exogenous variation in demographic changes. This methodology provides a way to
capture the causal impact of these demographic shocks on urban size and spatial disper-
sion, overcoming biases that arise from simultaneous causation between population growth
and urban development.

The use of an instrumental variable is crucial in addressing potential endogeneity issues.
The changes in the share of Black residents may not only influence urban form but also
be influenced by it. For example, as cities grow and economic opportunities expand,
more individuals might be attracted to these areas, further complicating the relationship
between migration and urban expansion. By leveraging historical migration patterns to
create an instrument, we ensure that our estimated effects reflect the causal impact of the
Great Migration on urban outcomes rather than correlations driven by other factors. This
approach builds upon and enhances the robustness of earlier empirical strategies, providing
a clearer picture of the urban transformations induced by this significant migration wave.

Our findings contribute to several ongoing debates in the literature on the Great Mi-
gration and its implications for urban development. Prior work, such as Derenoncourt [16],
highlights that the influx of Black migrants to Northern cities during the Great Migration
led to significant shifts in urban environments, transforming previously high-opportunity
locations into “opportunity deserts” for Black families due to rising segregation and declin-
ing economic opportunities. Our results are consistent with this narrative. We find that
the migration-induced growth in the share of Black residents contributed to the horizontal
expansion of urban areas and increased spatial fragmentation, as evidenced by a rise in the
cohesion index.

This expansion and increased dispersion can be understood in light of the segregation
dynamics emphasized by Gotham [36] and others, where discriminatory practices such
as racially restrictive covenants and exclusionary zoning laws drove racial segregation in
Northern cities. Our findings show that the increased population pressure did not nec-
essarily lead to greater density but led to a more dispersed urban form, which may have
responded to the exclusionary pressures faced by African American migrants. This aligns
with the work of Sahn [3], which suggests that increased racial diversity often resulted in
restrictive zoning that limited multifamily housing, further contributing to the sprawling
nature of cities during this period.
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Moreover, our findings also relate to the work of Reny and Newman [01], who argue
that the increased presence of African American migrants led to heightened racial threats
that influenced public policy, such as support for Proposition 14 to protect racial discrim-
ination in housing. The resulting fragmented urban form, reflected in our cohesion index,
may, therefore, be partially attributed to such racially motivated policy responses, which
hindered integrated urban growth and fostered spatial separation.

The evidence suggests that the racial composition shock during the Great Migration
had significant effects on both the physical expansion and spatial arrangement of Northern
cities. These results imply that urban development during periods of large demographic
change can be highly path-dependent, shaped not only by economic opportunities but also
by prevailing social attitudes and policies that influence who has access to different parts of
a city. The fragmented urban growth observed in our study illustrates how discriminatory
practices and policies can shape the physical structure of cities in ways that have long-
lasting effects on social and economic outcomes.
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Chapter 5

Urban Spatial Structure and
Economic and Environmental
Outcomes

5.1 Introduction

Urbanization is a defining feature of modern society, transforming how people live, work,
and interact. However, as cities grow and evolve, their spatial structure often brings
unintended consequences for economic outcomes and environmental quality. This dual im-
pact—where expanding urban spaces can lead to both economic growth and environmental
degradation—is at the heart of policy debates today. Why do larger, more dispersed cities
often experience worse air quality? And how can policymakers balance economic benefits
with the environmental costs of urban sprawl? These questions make understanding urban
spatial structure both an intriguing and critical issue for society.

This paper addresses the question: What are the economic and environmental conse-
quences of urban spatial structure? Specifically, it examines whether urban sprawl, charac-
terized by horizontal expansion and spatial dispersion, correlates with improved economic
metrics such as total income while simultaneously contributing to worse environmental
indicators, such as air quality. The study investigates this relationship across short- and
long-term horizons, providing insights into the economic-environmental interactions that
emerge from urban growth patterns.

To answer this question, we employ an econometric approach that utilizes an instrumen-
tal variable (IV) methodology to address potential endogeneity issues. This ensures that
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the estimated effects of urban spatial structure on economic and environmental outcomes
are causal rather than driven by reverse causality or omitted variable bias. The analy-
sis draws on data from multiple periods to distinguish between short-term and long-term
impacts, allowing for a dynamic understanding of how urban growth patterns influence
city-level outcomes. By employing rigorous statistical techniques, we aim to uncover the
causal mechanisms linking urban spatial characteristics to both economic and environmen-
tal performance.

Prior studies have explored the relationship between urban form and economic or envi-
ronmental outcomes. Research by Harari [11] and Liu et al. [73] demonstrates the economic
advantages of larger urban areas, while Sajjad Abdollahpour et al. [52] show how sprawl-
ing cities tend to experience higher levels of pollution. However, the existing literature
often treats economic and environmental impacts as separate dimensions, failing to an-
alyze how these forces interact over different temporal scales comprehensively. This gap
in understanding—particularly concerning the balance between short-term and long-term
effects—is where this paper aims to make a significant contribution.

Glaeser and Kahn [11] provide a foundational analysis of the economic benefits of ur-
ban density, arguing that compact urban forms can reduce commuting times and improve
productivity. However, their work does not adequately address the environmental draw-
backs that come with such density, particularly in terms of air quality and public health.
In contrast, studies like those by Stone [8] emphasize the environmental costs of urban
sprawl, particularly increased vehicle emissions, but often do not integrate these findings
with economic outcomes, leading to an incomplete picture of both dimensions involved.

More recent work by Gonzalez-Navarro and Turner [12] highlights the role of infras-
tructure investment in shaping urban spatial structures, suggesting that transportation
networks can influence both the economic efficiency and environmental sustainability of
cities. Their findings imply that infrastructure policies can exacerbate or mitigate the
interactions between economic growth and environmental degradation, depending on how
they shape urban form. This perspective underscores the importance of considering policy
interventions when analyzing urban spatial structure, an aspect this paper incorporates by
examining how different urban growth patterns respond to policy changes over time.

Furthermore, Duranton and Puga [21] explore the concept of urban agglomeration
economies, where the benefits of economic concentration can lead to increased innovation
and productivity. However, these benefits are often accompanied by negative externalities
such as congestion and pollution. The current paper builds on this understanding by
explicitly modeling how these agglomeration forces interact with environmental outcomes,
providing a more nuanced view of the costs and benefits associated with urban expansion
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and dispersion.

Moreover, researchers have focused on different spatial perspectives when discussing the
impact of urban spatial structure on economic and environmental outcomes. One promi-
nent perspective is the distinction between polycentric and monocentric urban structures.
Zhang et al. [33] find that the presence of multiple city centers contributes significantly
to economic development. Moreover, polycentric structures not only promote economic
growth but also help narrow the urban-rural income gap and reduce regional inequalities
[12]. Conversely, improvements in monocentric urban structures can enhance employment
opportunities, as shown by Xiao et al. [07]. Additionally, Zeng et al. [17] demonstrate
that polycentric urban structures are associated with higher water use efficiency, supporting
sustainable ecological development.

City size is another dimension of urban spatial structure that has received considerable
attention. Liu et al. [73] suggest that larger urban areas are associated with higher
short-term GDP growth, pointing to urban expansion’s economic benefits. However, these
benefits come at an environmental cost, as larger urban extensions also tend to increase
air pollution concentrations [52].

Compactness is the third key aspect of urban spatial structure. While higher urban
compactness is linked to employment growth [67], it also brings certain drawbacks, such as
lower wages, higher rents, and reduced GDP per capita [14, 73]. In terms of environmental
performance, compact urban forms have been found to reduce air pollution concentrations,
whereas dispersed urban forms exacerbate them [52].

Green space is another critical component of urban spatial structure with significant
environmental implications. Studies by Diem et al. [15] and Y. Zhang et al. [75] show that
green space plays a key role in mitigating the urban heat island (UHI) effect and reducing
air pollution concentrations. These findings highlight the importance of incorporating
green space into urban planning to improve environmental quality.

Regarding the contributions, first, this paper integrates economic and environmental
perspectives to analyze the simultaneous impact of urban spatial structure on both dimen-
sions. Our findings show that larger or more dispersed cities tend to be associated with
higher total incomes but also with worse air quality, extending the findings identified by
previous studies like Glaeser and Kahn [11] and Stone [8]. By highlighting both the eco-
nomic benefits and environmental costs, we contribute to a more nuanced understanding
of the interactions between economic benefits and environmental costs, building on and
extending their work.

Second, it differentiates between short-term and long-term impacts, providing evidence
that urban structure changes lead to varying outcomes over different time horizons. Specif-
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ically, we find that the negative environmental impacts of urban expansion are more pro-
nounced in the short term, whereas cities have some capacity to adapt and mitigate these
effects over the long term, consistent with the dynamic changes discussed by Li [72]. This
distinction between temporal effects adds depth to the existing literature by revealing how
urban growth patterns can evolve to offset initial environmental detriments partially.

Third, the paper utilizes an instrumental variable (IV) approach to address potential
endogeneity issues, ensuring that the observed relationships between urban structure, eco-
nomic outcomes, and air quality are robust and not driven by reverse causality or omitted
variable bias. The robustness of our results lends credibility to the findings of Gonzélez-
Navarro and Turner [12] regarding the role of infrastructure investment and policy inter-
ventions in shaping urban form. By using historical instruments and rigorous econometric
techniques, we provide stronger causal evidence that supports and extends the arguments
made by previous scholars regarding urban spatial policies and their effects.

The paper proceeds as follows. Section 5.2 outlines the empirical strategy, detailing
the instrumental variable methodology used to identify causal relationships. Section 5.3
presents the results, distinguishing between short-term and long-term impacts. Section
5.4 concludes the findings and implications, focusing on how cities can balance economic
growth with environmental sustainability.
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5.2 Empirical Strategy
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Figure 5.1: The Effect of the Urban Spatial Structure on Outcomes

In this section, we present our empirical strategy for assessing the impact of urban spatial
structure on both economic and environmental performance. As shown in Figure 5.1, we
focus on two key dimensions of urban spatial structure: size and shape. The urban shape
is represented by the cohesion index (S; 1970), and urban size is represented by the built-up
area (BUA, area; 1970). We explore how these dimensions influenced economic outcomes,
measured by total income in 1974 and 2010, and environmental outcomes, measured by
Air Quality Index (AQI) indicators in 1980 and 2010, capturing both short- and long-term
effects.

To start, we employ Ordinary Least Squares (OLS) regression to examine the simple
linear relationships between urban size, shape, and these outcomes. The equations for the
OLS regressions are given below:

In(Yit) = ¢ x In(area; 1970) + €; (5.1)

ln(Y;"t) =d X l?’L(Sing) + €; (52)
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where 7 represents each county-Syncity union and Y, denotes the outcome variable for
county-Syncity union ¢ at time t.

However, using OLS alone may lead to biased estimates due to endogeneity concerns.
Urban spatial structure can be both a driver and a result of economic and environmental
outcomes, leading to issues such as reverse causality and omitted variable bias. To address
these concerns, we employ an instrumental variable (IV) approach to better isolate the
causal effects of urban spatial structure on economic and environmental outcomes.

Our empirical approach has two main components: First, we construct instrumental
variables to address the endogeneity issues inherent in OLS regressions. Second, we use
these instruments to estimate the causal impact of urban spatial structure.

5.2.1 Instrumental Variable Construction: Predicted Urban Spa-
tial Structures

To address endogeneity, we use exogenous instrumental variables derived from the predicted
urban footprint of Syncities in the United States in 1970. Building on Harari’s methodology
[11], we calculate predicted urban spatial structures based on historical population size
and density, providing instruments that capture variation in urban spatial characteristics
independent of economic and environmental conditions.

The validity of these instrumental variables relies on two key assumptions:

1. Relevance. The IV must be correlated with the endogenous variable. We test this
assumption later in the first stage of our estimating equations. The predicted urban
footprint is constructed using predicted population data from 1970 and population
density from 1940, which captures the urban expansion trajectory that would have
occurred if population growth continued as it had prior to the second wave of the
Great Migration.

2. Exclusion Restriction. The IV must affect the dependent variable only through
the endogenous explanatory variable. This means the predicted urban spatial struc-
ture should influence economic and environmental outcomes only through its impact
on the actual urban spatial structure. Although this assumption is difficult to test
directly, it is reasonable to assume that the predicted urban structure, rooted in his-
torical demographic trends, would not have a direct effect on outcomes beyond its
influence on urban form.
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To construct our exogenous instruments, we start by predicting the urban footprint,
closely linked to population, policy, and natural features [11]. We predict the urban foot-
print based on expected urban population growth, accounting for policy and natural con-
straints. We mechanically determine Syncity population growth to avoid endogeneity is-
sues. We also consider distinct exogenous constraints for each Syncity during expansion.

Precisely, we predict urban population growth to determine a radius for each Syncity.
Using this predicted radius, we identify all developable land within the radius, excluding
areas restricted by geographic or political factors, to define the predicted urban footprint.
From this footprint, we calculate the predicted urban areas and cohesion index, which serve
as instrumental variables for actual urban size and shape.

The construction of these IVs involves several steps. First, we predict the urban popu-
lation for each Syncity in 1970 by aggregating administrative-level population data to the
Syncity level. We then project population growth for each Syncity log-linearly over the
decades 1950, 1960, and 1970, using data from the period before the second wave of the
Great Migration (1900-1940). This is represented by the following regression:

log(pope:) = T x year + €. (5.3)

The resulting predicted populations for 1950, 1960, and 1970 reflect historical trends
without the influence of later factors, such as migration waves or economic shocks.

Next, we construct the predicted Minimum Bounding Circle (MBC), which is the small-
est possible circle that can encompass all the points within a given urban area for each
Syncity in 1970, based on the predicted urban population and historical population density
from 1940, using the equation:

— DPOPc,1940
log(MBC area,,1970) = e x log(pop,. 1970) + f X log (MBC area671940) + €. (5.4)

The predicted MBC area provides an estimate of the potential urban footprint in 1970,
considering historical population growth patterns.

We then calculate the radius of the predicted MBC area for each Syncity in 1970 using:

R MBC area,
Te1970 = \/ - 1970 (5.5)
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Using the predicted radius 71970, we construct the predicted MBC for each Syncity,
centered at the actual MBC from 1940 (Figure 5.2(a)).

Next, we apply the City Clustering Algorithm (CCA) to cluster built-up areas from
2010, which allows us to determine developable land within each predicted MBC. We
assume that the built-up area (BUA) within Syncity boundaries had reached its maximum
potential by 2010. Areas without buildings, or “white holes” as shown in Figure 5.2(b),
were likely undevelopable due to geographic or policy constraints. Using the 2010 BUA,
we ensure that our determination of 1970 developable land is exogenous.

Finally, we intersect the predicted MBC with the 2010 CCA clusters to obtain the final
predicted urban footprint without undevelopable land for each Syncity (Figure 5.2(c)).
These predicted footprints allow us to calculate the predicted urban areas (BUA) and
cohesion index, following the methods described in Chapter 2 for constructing the actual
BUA and cohesion index.

Predicted Radius
1970

(a) The pink shapes un- (b) The graph shows the (¢) The Dblue multi-
derneath represent Atlanta partial areas around At- polygons in the graph
Syncity in 1970, and the lanta. The yellow patches indicate  the predicted
light blue circle on top is are the CCA clusters in urban footprint of Atlanta
the predicted MBC. 2010. Syncity in 1970.

Figure 5.2: The Construction of Predicted Urban Footprint on Map: An Example

5.2.2 Estimating Equations

We assess how urban size (area; 1970) and shape (S; 1970) affect economic and environmental
outcomes by employing the corresponding IVs: predicted size (area;ig70) and predicted
shape (S;1970). Recall that we use the built-up area (BUA) to measure urban size and
the cohesion index to measure urban shape, capturing spatial dispersion and connectivity
of urban clusters. The economic outcomes refer to total income in 1974 and 2010, while
environmental outcomes are measured using AQI indicators in 1980 and 2010.
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We apply the standard two-stage least squares (2SLS) estimation. In the first stage,
we model the relationship between the predicted urban size and shape and their actual
counterparts. The first-stage estimating equations are as follows:

First Stage:  In(area; 1970) = 74 X In(area, 1970) + X; + € (5.6)

First Stage: ln(si71970) = 97Z~ X ln(§i71970) + Xl + € (57)

The control variables (X;) include factors such as the share of the manufacturing labor
force, educational mobility, the share of the 1940 Black migrant population, and regional
fixed effects.

In the second stage, we use the predicted values from the first stage to estimate the
impact of urban size and shape on economic and environmental outcomes:

Second Stage:  In(Y;;) = 4y x In(area; 1970) + X + € (5.8)
Second Stage: In(Y;,) = 0% x hl(/s\i,lg?(]) + X+ ¢ (5.9)

In Equations 5.8 and 5.9, the coefficients 72 and 6% indicate the effects of urban size
and shape, respectively, on economic and environmental outcomes. By employing the IV,
we aim to provide unidirectional causal estimates of the effects of urban spatial structures
on economic and environmental outcomes. This method helps account for potential bi-
ases if existing economic or environmental conditions endogenously influence urban spatial
changes.

This empirical strategy allows us to answer our research questions: What are the
economic and environmental consequences of urban spatial structure? The use of the IV
approach can ensure that our findings accurately and credibly reflect the true impact of
urban spatial structure on outcomes.

5.3 Results

This section shows how urban spatial structure influences economic performance in Tables
5.1 and 5.2 and environmental performance in Tables 5.3 and 5.4.
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In Tables 5.1 - 5.4, we report the results of our preferred coefficient estimate, including
all control variables.! The complete regression results, including IV regression results
with and without control variables and ordinary least squares (OLS) results, are shown
in Appendix B. In addition, we cluster at the County-Syncity Union level, which is our
merged spatial unit, to make sure the standard errors will not be underestimated.

5.3.1 Economic Outcomes

Table 5.1: Effects of of Urban Size on Economic Outcomes

Total Income
1974 2010

(IV)Second Stage
Ln BUA 1970 (1) 1.156°  .643°
(.329)  (.100)
(IV)First Stage

Ln Predicted BUA 1970 8452 8622
(.031) (.041)
Observations 114 74
Cragg-Donald Wald F statistic 887.943 512.139
Control X X

Note: @, %, and © denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively. The observations are different for different years because
we use different outcomes.

!The control variables include shares of the manufacturing labor force, educational upward mobility,
the share of the 1940 Black migrants, and region fixed effects.
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Table 5.2: Effects of of Urban Shape on Economic Outcomes

Total Income
1974 2010

(IV)Second Stage
Ln Cohesion Index 1970 (6) 4.670P 2.465"
(1.985)  (1.042)
(IV)First Stage

Ln Predicted Cohesion Index 1970  .499? .483P
(.196) (.235)
Observations 114 74
Cragg-Donald Wald F statistic 12.989 8.898
Control X X

Note: ,°, and © denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively. Compared to the relationship between the cohesion index
in 1970 and the income level in 1974, the relationship between the cohesion
index in 1970 and the income level in 2010 shows a weak IV with a low F-
statistic. One reason for this could be the smaller sample size. The number
of observations in 2010 might be too limited, which could lead to a weaker
correlation between the IV and the cohesion index. Therefore, it cannot provide
reliable statistical support to identify the causal relationship. In other words,
it needs to be cautious with the reported results due to the limitation of the
statistical results.

In Table 5.1, the second-stage results estimate the effect of urban size in 1970 on total
income. In the short term, every additional 1% in urban size in 1970 led to an additional
1.156% in total income in 1974. Given that the average total income in 1974 was ap-
proximately $10,400 million?, this 1.156% increase represents roughly a $120 million rise
in total income due to urban expansion. Furthermore, with an average urban size of 357
square kilometers in 1970, each additional square kilometer of urban expansion resulted
in approximately $34 million of additional total income in 1974, or about $90 per person
annually, given the average population size of around 380,000 in 1975.

Urban shape, represented by the cohesion index, also positively impacts short-term
income performance. In Table 5.1, the second-stage results present the effect of urban
shape in 1970 on total income. Specifically, every 1% increase in the cohesion index in

2We adjusted the monetary values from 1974 to their 2010 equivalents using the Consumer Price Index
(CPI) to account for inflation.
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1970 resulted in a 4.67% increase in total income in 1974, equivalent to an increase of
about $485.68 million, based on the average income level mentioned previously. Given
that the average cohesion index was 10 kilometers in 1970, each 100-meter increase in
the distance between urban clusters was associated with approximately $485.68 million in
additional income in 1974, or around $1,300 per person annually.

Long-term income effects are also significant, although smaller in magnitude. A 1%
increase in urban size in 1970 resulted in a 0.643% increase in total income in 2010.
Given the average total income of $16,600 million in 2010,% this represents an increase
of about $106.74 million, or $21.26 million per square kilometer of urban expansion, which
is equivalent to about $33 per person annually, given the average population of 645,000.
Additionally, a 1% change in the cohesion index in 1970 led to a 2.465% change in total
income in 2010, or an increase of around $409.19 million. This implies a change of about
$314.7 million per kilometer of urban shape dispersion, equivalent to approximately $500
per person annually for every additional 100 meters of distance between clusters.

3The average urban size or shape in 1970 may be different across different causal chains, depending
on the sample size available for each chain. Specifically, because different outcomes have differences in
data availability, the useful number of observations in each causal chain may differ when the independent
variable remains the same. Due to data limitations, we did not balance variables across all causal chains.
We expect to maximize the sample size for each causal chain individually to keep as much data as possible
for each individual relationship. Thus, the average urban size in 1970 here differs from the average urban
size mentioned above. Similarly, the average urban size or shape in the same year may differ in subsequent
contexts.
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5.3.2 Environmental Outcomes

Table 5.3: Effects of of Urban Size on AQI Outcomes

Median Max Unhealthy
AQI AQI Weather
1980 2010 1980 2010 1980 2010

(IV)Second Stage
Ln BUA 1970 (74) .165% .100* .140* 081 .053* .019*
(036)  (.025)  (.030)  (.023)  (.011)  (.006)
(IV)First Stage

Ln Predicted BUA 1970 8432 8412 8432 8412 8432 8412
(.043) (.034) (.043) (.034) (.043) (.034)
Observations 93 103 93 103 93 103
Cragg-Donald Wald F statistic 505.980 731.096 505.980 731.096 505.980 731.096
Control X X X X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent and 10 percent
levels, respectively.
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Table 5.4: Effects of of Urban Shape on AQI Outcomes

Median Max Unhealthy
AQI AQI Weather
1980 2010 1980 2010 1980 2010

(IV)Second Stage
Ln Cohesion Index 1970 (6%) A75¢ 347 400 251 .164° 063
(267)  (.149) (.194) (.128) (.085)  (.026)
(IV)First Stage
Ln Predicted Cohesion Index 1970  .583> 498> 583> 498> 583>  .498P
(263) (212) (263) (.212) (.263) (.212)

Observations 93 103 93 103 93 103
Cragg-Donald Wald F statistic 10.110 11.580 10.110 11.580 10.110 11.580
Control X X X X X X

Note: *,°, and © denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Tables 5.3 and 5.4 summarize the effects of urban spatial structure on air quality, rep-
resented by different AQI metrics: median AQI, max AQI, and the ratio of unhealthy
weather days. Median AQI reflects general air pollution levels, max AQI measures the
worst levels of air pollution, and the ratio of unhealthy weather days shows the proportion
of days classified as having poor air quality.

According to Table 5.3, each additional 1% in urban size in 1970 led to a 0.165% change
in the median AQI in 1980. With an average median AQI of 44.14 in 1980, this 0.165%
translates to a 0.073 change in median AQI. Every additional 10-square-kilometer increase
in urban size resulted in a roughly 0.171 increase in median AQI in 1980.* For the long-
term effect, each additional 1% in urban size in 1970 led to a 0.1% increase in the median
AQI in 2010, equivalent to a 0.0485 increase based on an average AQI of 48.50 in 2010.
The results suggest that every 10-square-kilometer increase in urban size in 1970 led to an
increase of approximately 0.125 in median AQI in 2010.

The results for max AQI and the ratio of unhealthy weather days align with those
for median AQI. Each 1% increase in urban size in 1970 led to a 0.14% increase in max
AQI in 1980, which dropped to 0.081% in 2010. Given that the average max AQI in 1980
was 196.21 and went down to 141.23 in 2010, every 10-square-kilometer increase in urban

4A 10 square kilometer similar to the size of a large-sized community.
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size® resulted in an approximately 0.6448 change in max AQI in 1980 and a 0.295 change
in 2010. Similarly, each 1% increase in urban size led to a 0.053% increase in unhealthy
weather days in 1980, which decreased to 0.019% in 2010. The findings imply that every
10-square-kilometer increase in urban size led to an additional 0.06 unhealthy weather days
annually in 1980, compared to 0.01 in 2010.

The AQI is an index where values above 100 are considered unhealthy. Although
average AQI values were generally acceptable in both 1980 and 2010, the findings suggest
that urban size expansion had a negative impact on air quality over time. The short-term
impact of urban expansion on air quality is more pronounced, with effects persisting over
the long term. These results indicate the potential environmental cost of continued urban
sprawl and its cumulative effects on air quality.

The cohesion index also has a positive relationship with AQI indicators. Specifically,
each additional 1% in urban shape in 1970 led to a 0.475% change in median AQI in 1980.
Based on an average cohesion index of 11 kilometers and an average median AQI of 44.14
in 1980, this translates to a 0.21 change in median AQI, implying that each kilometer
increase in cohesion led to a 4.5% change in AQI. In the long term, a 1% increase in urban
shape in 1970 led to a 0.347% change in median AQI in 2010, representing a 0.17 change
in median AQI. This indicates that each kilometer of cohesion expansion led to a roughly
3.1% increase in air pollution levels.

The impact of urban shape on max AQI was also positive, with a 1% increase in urban
shape in 1970 leading to a 0.4% change in max AQI in 1980, and 0.251% in 2010. Based on
the average cohesion index of 11 kilometers in 1970, average max AQI of 196.21 in 1980,
and 141.23 in 2010, the results imply that every 1-kilometer change in the average distance
between clusters in 1970 resulted in the change of a max AQI of 7 in 1980 and 3.2 in 2010.

Similarly, for unhealthy weather days, each 1% increase in urban shape resulted in a
0.164% increase in 1980 and 0.063% in 2010. Based on the average cohesion index of 11
kilometers in 1970, the average ratio of unhealthy weather days of 12.43% in 1980 and
3.57% in 2010, the results indicate that every 1-kilometer change in the average distance
between clusters in 1970 caused around one unhealthy weather day changed out of a year
in 1980. In comparison, every 1-kilometer change in the average distance between clusters
in 1970 caused only 0.075 unhealthy weather days to change out of a year in 2010. The
long-term effects are less severe than the short-term, yet the cumulative pressure on air
quality persists.

5The average urban size in the dataset for the environmental outcomes in 1980 is 426 square kilometers,
and it is 388 square kilometers when in the dataset for the outcomes in 2010.
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Overall, the short-term impacts of urban shape and size on air quality are more dramatic
than the long-term effects. However, the continued expansion of cities and the resulting
changes in urban spatial structure have enduring environmental consequences, which must
be considered in urban planning and policy development.

5.4 Discussion

In this chapter, we examined how urban spatial structure in 1970 influenced total income
and air quality in non-southern urban areas, both in the short term and long term. We
employed an instrumental variable (IV) approach to address endogeneity issues. Specifi-
cally, we used the predicted urban spatial structure as the IV for the actual urban spatial
structure, thereby mitigating biases resulting from reverse causality between urban spatial
structure and outcomes, including income and air quality performance.

Reverse causality is a significant challenge that leads to endogeneity in causal relation-
ships. Urban size or shape can determine, or be determined by, economic or environmental
conditions. For instance, a geographically larger city might foster economic growth by
providing richer resources, such as a larger population, labor force, and more businesses.
Conversely, a more compact city might improve resource efficiency and reduce transporta-
tion costs, enhancing economic performance. On the other hand, faster economic growth
can influence urban shape and form. In rapidly growing areas, higher land values can lead
to more efficient land use, with denser building areas making cities more compact. Such
reciprocal causation complicates the one-way impact analysis of urban size and shape on
economic and environmental outcomes if only ordinary least squares (OLS) regressions are
used. Using an instrument based on historical population size and density, we ensured that
the causal impact of urban spatial structure on outcomes was not confounded by other fac-
tors, thus yielding more credible results regarding the effects of urban spatial changes on
economic growth and environmental resilience.

Our results demonstrate that larger urban size in 1970 led to higher total income levels
in 1974. This suggests that the immediate economic benefits were driven by the expansion
of a city’s horizontal size. Similarly, cities with more dispersed urban shapes in 1970,
characterized by longer average distances between clusters, also experienced higher total
income levels in 1974.

In the long term, the effects were consistent: both larger urban size and more dispersed
urban shape in 1970 were associated with higher total income levels in 2010. This finding
emphasizes the lasting importance of urban spatial structure; the size and shape of cities in
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1970 not only influenced immediate economic performance but also established a founda-
tion for economic development that persisted over several decades. However, the long-term
influence of urban size and shape on total income in 2010 was less pronounced compared to
the short-term influence in 1974. This diminishing impact over time might be attributed to
various intervening factors, such as technological advancements and policy changes, which
affected the initial influence of urban spatial structure on income performance.

Regarding environmental outcomes, the results indicate that larger urban size in 1970
led to poorer air quality outcomes in 1980, as measured by the AQI. Similarly, cities with
more dispersed shapes in 1970 also experienced worse air quality in 1980. This could be
due to increased pressure on traffic emissions and industrial pollution in larger or more
dispersed cities, translating into unhealthy air quality in the short term. In the long
term, both larger urban size and more dispersed shape in 1970 contributed to poor air
quality in 2010, suggesting that urban spatial structure played an essential role in shaping
environmental outcomes. The physical structure of cities in 1970 influenced the industrial
framework, which persisted and contributed to air pollution issues until 2010. As with
income outcomes, the impact of urban spatial structure on air quality was more significant
in the short term compared to the long term. In the short term, physical urban structures
remained largely unchanged, leading to a direct and immediate impact on air quality.
However, over the long term, cities could upgrade infrastructure or implement policies to
mitigate air pollution, thereby lessening the initial impact of urban spatial structure.

Our findings suggest that larger or more dispersed cities tend to experience higher total
incomes and worse air quality in the short and long term. These results align with existing
research on the economic and environmental impacts of urban spatial structure across
different periods and locations [14, 52, 73]. This consistency suggests that the effects of
urban spatial structure—particularly in terms of size and spatial dispersion—on economic
and environmental outcomes may be universal across different contexts.

A key observation from our results is the evident outcomes of both economic benefits
and environmental costs in response to changes in urban spatial structure. These out-
comes imply that adjustments to urban spatial structure can spur economic growth while
degrading environmental performance.
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Chapter 6

A Causal Mediation Analysis of the
Role of Immigration Shocks on
Economic and Environmental
Outcomes

6.1 Introduction

The Great Migration shock, especially the second wave (1940-1970), represents one of the
most significant demographic shifts in U.S. history, reshaping the demographic landscape
while playing an important role in influencing both economic development and environmen-
tal performance in cities. The influx of African American migrants impacted key outcomes
such as income levels and air quality, but these changes may not have been driven solely
by the racial composition shock itself. Instead, they were potentially mediated through
other factors, such as urban spatial structure. Understanding how urban spatial struc-
ture—including urban size and spatial dispersion—served as a bridge for the impacts of
this demographic shift allows us to gain a deeper insight into the relationship between
population movement, economic outcomes, and environmental quality. This chapter ex-
plores this underexamined yet crucial aspect, shedding light on both direct and indirect
mechanisms at play.

This chapter addresses two main questions: (i) What were the short- and long-term
economic and environmental impacts of the influx of African American migrants during
the second wave of the Great Migration (1940-1970) on U.S. cities? (ii) How did changes
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in urban size and spatial structure mediate the relationship between this demographic
shift and its effects? To answer these questions, we apply an instrumental variable (IV)
mediation analysis to estimate the total, direct, and indirect effects of the Great Migration
on economic and environmental outcomes, with urban spatial structure serving as the
mediator. This approach allows us to capture the dynamic influence of migration flows by
examining both short-term and long-term outcomes.

During the Great Migration, many African American migrants left the South for better
economic opportunities in non-Southern cities, and they saw significant economic gains
that narrowed the economic status gap between Blacks and Whites [68, (9].

The Great Migration also significantly impacted the financial situation in northern
cities. For example, African American migrants decreased property values in northern
cities, negatively impacting public spending and tax revenues [13].

The influence of historical conditions on present-day economic development is well-
documented in the literature. Research demonstrates that the Great Migration not only
transformed the lives of African American migrants but also shaped the economic prospects
of subsequent generations. Specifically, the migration had substantial long-term benefits
for educational attainment, income levels, and poverty reduction among the descendants
of African Americans who moved from the South, compared to those who remained in the
region [23]. However, the Great Migration also had unintended negative consequences for
economic mobility in non-southern cities, largely due to local government responses. Cities
receiving large numbers of Black migrants increased spending on policing and incarceration,
which hindered economic opportunities for African American families [10].

Beyond economic impacts, the Great Migration also significantly influenced the urban
environment. One important perspective is how African American migrants reshaped the
physical landscape to reflect their collective identity and resist urban racism. In Baltimore,
for instance, the interplay between rural and urban environments demonstrated how mi-
grants from the rural South transformed urban spaces, creating a “rural” presence within
the city [0]. Migrants drew on their rural heritage to redefine their identity and their sur-
roundings in non-southern cities. Similarly, in Chicago, African Americans utilized green
spaces to mitigate the negative effects of urban racism, reshaping these areas as symbols
of resistance and community resilience [7].

Another crucial aspect of environmental performance to consider is emissions. Although
there is limited literature specifically examining the link between the Great Migration and
emissions, existing research on internal migration and environmental quality in the United
States provides valuable insights. Studies suggest that migration can influence energy
consumption patterns, thereby affecting environmental quality [2]. Given these findings, it

78



is plausible to explore how a significant migration event like the Great Migration impacted
environmental conditions, particularly air quality, which will be the focus of this chapter.

This chapter makes four significant contributions to the existing body of knowledge.
First, it addresses a gap in the literature by exploring the relationship between demographic
shifts and environmental quality. While existing studies rarely examine the effects of racial
composition shocks or migration flows on air quality, we investigate how changes in the
share of African Americans during the second wave of the Great Migration influenced both
short- and long-term air quality. This exploration highlights the role of demographic and
racial diversity in shaping environmental outcomes, offering a fresh perspective on the
existing literature.

Second, this chapter examines the impact of racial composition changes on both eco-
nomic and environmental dimensions. Unlike most studies that focus exclusively on either
economic or environmental outcomes, we consider both economic growth and environmen-
tal costs. Our findings indicate that an increase in the share of African Americans was
associated with higher total income but poorer air quality, underscoring the complex rela-
tionship between demographic shifts and sustainable development. By adopting a holistic
approach, we contribute to a more nuanced understanding of these interconnected dimen-
sions.

Third, this chapter examines both the short-term and long-term effects of demographic
changes. We treat the demographic shift caused by the Great Migration as a historical
condition and analyze how it continues to shape contemporary economic and environmental
conditions. This contribution broadens our understanding of the long-lasting effects of
demographic shifts and offers empirical support for the concept of path dependency.

Fourth, this chapter employs instrumental variable (IV) mediation analysis to uncover
the underlying mechanisms linking demographic shocks to outcomes. While most research
on the Great Migration focuses on its overall effects on economic or environmental perfor-
mance, we add depth by introducing urban spatial structure as a mediator. This allows us
to reveal the direct and indirect pathways through which the migration shock influenced
economic and environmental outcomes. By doing so, we provide a more comprehensive
understanding beyond examining only the superficial impacts of migration, contributing
valuable insights to the existing literature.

This chapter proceeds as follows: After reviewing the literature, highlighting the gap,
and discussing the motivation in this introduction section, the next section will outline the
empirical strategy of the IV mediation analysis. Section 6.3 will report the results in the
short and long term. The Section 6.4 will discuss the implications of these results.
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6.2 Empirical Strategy

In this section, we discuss the empirical strategy for studying the total effect of the racial
composition shock on economic and environmental performance, as well as the underlying
mechanism through the impact of the racial composition shock on urban spatial struc-
ture. The causal relationships in Figure 6.1 show how the racial composition shock, which
is represented by changes in the share of Blacks, during the second wave of the Great
Migration influenced the urban spatial structures at the end of the Great Migration and
then influenced both short and long term economic and environmental performance. Pre-
vious findings, such as the economic gains caused by the Great Migration in Collins &
Wanamaker’s [09] and Collins’s [68] papers, have shown some evidence of the relation-
ships between the Great Migration and the outcomes. Thus, building on the findings from
previous studies, we expect to study the effect of the racial composition shock on the econ-
omy and the environment through a more complex mechanism by using the urban spatial
structure as a bridge in between.

f )

Economy
Racial Composition Shock Urban Spatial Structures (197%2010)
(1940-1970) (1970) .
Environment
(1980&2010)

Figure 6.1: The Effect of the Great Migration on Outcomes Through the Urban Spatial
Structure

To understand the effect of our interested independent variable on the interested out-
comes through the underlying mechanism, we apply the IV mediation analysis method
following Dippel et al.’s paper [9]. According to their paper, a mediator (M) is a variable
between an independent variable - treatment (T) - and a dependent variable - outcome (Y)
- to explain how the treatment affects the outcome. Based on the framework in Figure 6.1,
the urban spatial structure plays such a mediating role. We expect to investigate how the
urban spatial structure (M), as a mediating factor, can explain how the racial composition
shock (T) influences economic and environmental performance (Y).

Specifically, to identify the total effect of T on Y and how M explains this total effect,
Dippel et al. [9] first decompose the complex relationships into three parts: the impact of
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T on M, the effect of T on Y, and the effect of M on Y. The simple IV model can examine
the first two relationships without bias from reverse causality or omitted variable issues.
However, it is hard to use a simple IV model to test the causal relation between M and Y.
Therefore, Dippel et al. [9] introduced a mediation model that allows the identification of
the relationship between M and Y.

This mediation model allows us to solve the potential bias due to endogeneity and
identify three causal relations between treatment (T) & outcome (Y), treatment (T) &
mediator (M), and mediator (M) & outcome (Y) using a single instrumental variable (IV).
In this chapter, the T is the racial composition shock, which is an endogenous variable in
the relation between the racial composition shock (T) & urban spatial structure (M) and
the racial composition shock (T) & economic and environmental outcomes (Y). As shown
in Figure 6.2, the demographic shift (T) causes economic and environmental outcomes (Y)
through observed urban spatial structure (M) and also through unobserved mediators U.
Moreover, there are unobserved variables (V) that cause the demographic shift (T) and
urban spatial structure (M) simultaneously, which will cause endogeneity issues in the
causal relation between T and M. For example, social-cultural preference might influence
demographic distribution and how people organize their communities’ spatial structure.
In addition, the reverse causality that the demographic shift and urban spatial structure
might be both cause and effect to each other may also cause endogeneity problems. Similar
endogeneity issues may also occur in the causal relation between T and Y. The unobserved
variable (V) in Figure 6.2 causes the demographic shift (T) and outcomes (Y), including
economic and environmental conditions, simultaneously. For example, industrial devel-
opment can lead to economic growth and environmental pressure and, at the same time,
attract immigrations, especially the African American migrants who look for economic
opportunities in cities during the racial composition shock. Also, there might be an issue
of reverse causality between the demographic shift and outcomes.

——
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Figure 6.2: General IV Mediation Model [10].

Instrumental Variable l—.l Treatment (T)
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To solve these endogeneity issues, we pick predicted Black migrations! as the IV for
the treatment. The predicted Black migration could satisfy instrument validity conditions,
including IV relevance and exclusion restrictions. In detail, this IV is a Black migration
data that is projected relies on cultural ties, community networks, and distribution of
the Black population before the second wave of the Great Migration. Thus, this IV is
correlated with the actual change in the share of Blacks during the second wave of the
Great Migration (T) and independent of the unobserved confounder V.

In terms of the causal relation between M and Y, as the only IV to be used in the me-
diation model, the predicted Black migration should be valid for the endogenous variable
M. This means the predicted Black migration should correlate with urban spatial struc-
ture (M) and independent of the unobserved confounder V. However, as shown in Figure
6.2, the IV does not directly cause M. The joint unobserved confounder V, which causes
T, M, and Y, is too general to identify the relation between M and Y. Thus, Dippel et
al. [10] improved the mediation model from the general one in Figure 6.2 to a restricted
one in Figure 6.3. According to Figure 6.3, the joint unobserved variable V is restricted
to Vp, which directly causes T and M, and V3 directly causes M and Y. The distinction
between Vi and Vy is based on different economic agents. In our empirical context, demo-
graphic shift (T) is endogenous. The endogenous issue is due to the heterogeneity of the
demographic characteristics. The social-cultural preference discussed above is an example
of the demographic unobserved factor (Vr), which influences demographic shift (T) and
also influences the urban spatial structure (M). Moreover, urban spatial structure (M) is
endogenous in a regression of M on economic and environmental outcomes (Y). The en-
dogenous issue is due to the heterogeneity of the urban spatial characteristics. The urban
spatial unobserved factors (Vy), such as land use patterns, that influence urban spatial
structure (M) would also influence the economic and environmental outcomes (Y). Specif-
ically, the land use patterns directly influence the expansion or dispersion of the spatial
structure. The distribution patterns of commercial or industrial areas directly influence
the economy’s growth pattern and pollution distribution.

!The construction of this IV is discussed in Chapter 4.2.1.
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Figure 6.3: Restricted IV Mediation Model [10].
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In the improved restriction mediation model, Dippel et al. [10] innovatively state
that IV is a valid instrument to identify the mediator’s causal effect on outcome when
conditioned on treatment. In other words, Dippel et al. [10] solve the issue that the TV is
not directly correlated with the mediator, or it is hard to identify exclusion restrictions. In
our empirical context, the predicted Black migration (IV) is unconditionally independent
of Vr (ex. social-cultural preference), which satisfies the exclusion restriction for the causal
relation between demographic shift (T) and urban spatial structure (M). Nevertheless, the
predicted Black migration (IV) is correlated with the social-cultural preference (V) when
conditioned on the actual demographic shift because both predicted Black migration and
socio-cultural preferences are associated with the actual immigration pattern, which reflects
the actual demographic shift. Then, we can tell that, conditioned on the demographic shift
(T), the predicted Black migration (IV) influences urban spatial structure (M) through
social-cultural preference (V) because Vr causes M according to the Figure 6.3. In other
words, the IV conditioned on T, becoming representative for V7, then influencing M and
instrumenting for M. In addition, as shown in Figure 6.3, the IV is independent of V3 when
conditioned on the treatment. Therefore, the predicted migration (IV) can be a valid IV
for urban spatial structure (M), conditioned on the changes in the share of Blacks.

So far, we have explained the novel IV mediation model from Dippel et al.’s papers
[9, 10] and how we identify the role of the IV in the model. Before applying this IV
mediation analysis to our interested causal chains, we need to know how we use the three
causal parameters, including the effect of T on M, the impact of T on Y, and the effect of
M on Y, to understand the total impact of T on Y and the underlying mechanism of this
total effect.

The corresponding equations of the IV mediation analysis are shown in Equations 6.1 -
6.5. The two components for the total effect in the IV mediation model include an indirect
effect of treatment on the outcome that runs through the mediator and a direct residual
impact that does not run through the mediator. In detail, in Model 1, for the relationship
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between treatment and mediator in Figure 6.3, the treatment (T) is determined by the
IV (Z) in Equation 6.1, and the estimated values of the treatment (T) are used in the
Equation 6.2 for testing the effect of the treatment on the mediator, which is represented
by the arrow directly from treatment to mediator in Figure 6.3. The coefficient n shows
the effect of the treatment on the mediator, which indicates the indirect effect of treatment
on the outcome that operates through the mediator.

Model 1
First Stage

T=nLxZ+er (6.1)

Second Stage

M=nMxT+ey (6.2)

Moreover, in Model 2, the same IV (Z) is used as an instrument for the mediator
(M) when conditioned on treatment (T) in Equation 6.3. Then, the estimated mediator
is used in Equation 6.4 for testing the effect of the mediator on the outcome, which is
represented by the arrow directly from mediator to outcome in Figure 6.3. In Equation
6.4, the mediator is an endogenous variable conditioned on the treatment. The coefficient
nY, shows the effect of the mediator on the outcome, which reveals another indirect effect
of treatment on the outcome through the mediator, and the coefficient n}. indicates the
residual direct impact of the treatment on the outcome.

Model 2
First Stage

M =0y xZ+0M xT+er (6.3)

Second Stage

Y =0l x M +n% xT + ey (6.4)

Finally, by substituting the expression for M from Equation 6.2 into Equation 6.4,
we obtain Equation 6.5, which shows an estimated total effect of T on Y. According to
Equation 6.5, the total effect is the product of two indirect effects (nY; x n¥) plus the
direct effect (n}).
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Total Effect

Y =mnyx (' xT+en)+np xT+ey = (myxnp +nyp) xT+nyen+ey  (6.5)

6.2.1 Estimating Equations

In this section, we implement the IV mediation approach discussed in the previous section
to estimate the total and direct effect of the racial composition shock, which is represented
by the change in the share of Blacks (ABpop;1910—1970), on outcomes (Y;), as well as the
indirect effect through the effect on urban spatial structure, including total built-up area
(BUA) as a measure of urban size (area;970), and a cohesion index that captures the
spatial dispersion and connectivity of urban clusters (S;1970)-
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Total Income
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Figure 6.4: Mediation Analysis Causal Chains

Treatment

_ |

Applying the IV mediation approach, the detailed causal chains for studying the under-
lying mechanism of the relationship between the racial composition shock and outcomes
are shown in Figure 6.4. Recall that the arrow from the treatment to mediators represents
the conditional indirect effect of the racial composition shock on outcomes through urban
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spatial structures. The arrow from the treatment to outcomes shows the direct impact of
the racial composition shock. In addition, the arrow from the mediators to the outcomes
shows the direct effect of the urban spatial structure, which also represents the indirect
effect of the racial composition shock on the outcomes through the urban spatial structure.

We then transform the causal chains into estimation equations. These equations follow
the IV mediation method in Dippel et al.’s paper [9]. Recall that the estimation procedure
includes two models. The estimating equations in Model 1 follow the standard two-stage
least squares (2SLS) estimation. They are the same equations as those in Chapter 4. To
ensure clarity, these equations are presented again in this chapter as equations 6.6 - 6.8.
The first stage of Model 1 estimates the relationship between the instrumental variable

(IV), which is the predicted Black migration (M; 1940-1970), and the treatment, which is
the changes in the share of Blacks (ABpop; 1940-1970)-

Model 1
First Stage

In(ABpop; 1040-1970) = 0% % ln<Mi,1940—1970) +X; + € (6.6)

where X; is a set of control variables, including the share of the manufacturing labor
force, educational upward mobility, the share of 1940 Black migrants, and regional fixed
effects.

Then, the predicted value of the changes in the share of Blacks from the first stage is
added to the equations in the second stage to estimate the effect of the changes in the share
of Blacks on urban spatial structures. The parameters a’; and 51, in the second stage of the
first model are to identify the effects of the changes in the share of Blacks on the urban size
and urban shape, respectively. Moreover, within the context of IV mediation analysis, the
meaning of the parameters o, and 3, in the second stage is beyond a simple relationship
between the racial composition shock and urban spatial structure. Still, it reveals how the
racial composition shock influences the final outcomes through their impact on the urban
spatial structure, which shows an indirect effect of the racial composition shock on the
final outcomes. Then, the role of urban spatial structure becomes a mediating factor that
can be used to study the underlying pathway for the relationships.

Second Stage

In(area; 1970) = al, X In(ABpop; 1940-1970) + Xi + € (6.7)
In(Si1970) = ﬁz\T/f X l”(ABPOPi,194071970) +Xi+€ (6.8)
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Model 2 is to identify the effects of the urban spatial structure on outcomes, conditional
on the changes in the share of Blacks, by using predicted Black migration as the IV.
Specifically, in this model, we control the changes in the share of Blacks to make sure the
model has captured the direct effect of the changes in the share of Blacks on the outcomes
to assume that the remaining unobserved disturbance has nothing to do with the changes
in the share of Blacks. In other words, by controlling the changes in the share of Blacks,
any effect of the predicted Black migration as an instrument can only be transmitted to
outcomes through the urban size and shape, which are the mediators. This ensures that
the predicted Black migration can be a valid IV while the changes in the share of Blacks is a
conditioning variable, urban spatial structure is the endogenous variable, and the outcome
is the dependent variable.

The estimating equations in the second model, when considering different mediators —
urban size or shape — are shown in equations 6.9 - 6.12.

e When using urban size (BUA) as the mediator:
First Stage

In(area; 1970) = >\1%4 X ln(Mi,194071970) + )\ﬂ x In(ABpop; 1910-1970) + Xi + ex (6.9)

Second Stage
ln(Y;) = Oéy X l?’L(Cﬁe\CLi71970> + Oéz; X ln(ABpopi,lgm,lgm) + Xl + €y (610)
e When using urban shape (cohesion index) as the mediator:
First Stage

In(Si1970) = 6%, % ln(Mi,1940—1970) + 03y X In(ABpop; 1910-1970) + X; +€x  (6.11)

Second Stage

In(Y;) = B! x In(Si1970) + B¢ X In(ABpop; 19a0-1970) + Xi + €y (6.12)

The Equation 6.9 and 6.11 shows the first stage. The area; 1970 and S; 1979 are the BUA
and cohesion index in each county-Syncity union ¢ in 1970, respectively. Mi71940_1970 is the
predicted Black migration during the second wave of the Great Migration, which is used as
the IV for BUA (area; 1970) in 6.9 and for cohesion index (S; 1970) in 6.11. ABpop; 1940—1970
is the changes in the share of Blacks, which is used as a conditioning variable.
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Then the fitted BUA area; 1970 and fitted cohesion index /S\i71970 from equations 6.9
and 6.11 are added to equations 6.10 and 6.12, respectively. In the equations 6.10 and
6.12, which are second stages, outcomes Y; include total income in 1974 and 2010 and air
quality performance in 1980 and 2010. In Equation 6.10, the parameter o/ shows the
indirect effects of the changes in the share of Blacks on the outcomes that run through the
BUA and the parameter af> shows the direct effects of changes in the share of Blacks on
the outcomes. Then, according to Dippel et al.’s paper [9], the final indirect effect when
using urban size as the mediator equals al; in Equation 4.5 multiply o in Equation 6.10.
Similarly, when using urban shape as the mediator, the final indirect effect equals to 1,
in Equation 4.6 multiply 8% in Equation 6.12. Also, the 3L in Equation 6.12 is the direct
effect of the changes in the share of Blacks on the outcomes. Finally, the estimate of the
total effect equals indirect effect plus direct effect:

e When using urban size (BUA) as the mediator:

Total Ef fect = ai, + ol x ad! (6.13)

e When using urban shape (cohesion index) as the mediator:

Total Ef fect = By + B3 x B (6.14)

Using the IV mediation approach, we can provide credible causal estimates to explain
how the influx of African American migrants during the second wave of the Great Migration
(1940-1970) affected the short— and long-term economic and environmental outcomes. We
can also explain how urban size and shape play a role as a bridge in the relationship between
the racial composition shock and the outcomes.

6.3 Results

This section presents the findings of our study on the impact of Black population growth
on economic and environmental outcomes. Specifically, the mediation results? for different
causal chains in Figure 6.4 are shown in tables 6.1 — 6.83. In each table for economic

2Detailed results of the IV mediation analysis can be found in Appendix C.

3The quick information of each causal chain are provided in the captions for each table, in which arrows
indicate the direction of the relationships. In the captions, ‘T’ stands for treatment, ‘M’ represents the
mediator, and ‘Y’ stands for the outcomes.

38



outcomes, column (1) displays the results without control variables. Column (2) reports
the results of controlling the characteristics® and region fixed effects. Moreover, in each
table for environmental outcomes, columns (1), (3), and (5) report the results without
control variables, and columns (2), (4), and (6) contain results when applying control
variables. In the interpretation, we will focus on reporting the results with all controls
included, which are our preferred results. In addition, we cluster at the County-Syncity
Union level, which is our merged spatial unit, to make sure the standard errors will not be
underestimated.

Following the method we discussed in the previous section, the final indirect effect
in the IV mediation analysis is calculated by multiplying the coefficient of change in the
share of Blacks from the first model with the coefficient of urban spatial metrics from the
second model. Specifically, according to the detailed regression results for Model 1 and 2
in tables C.1 - C.8 in Appendix C, the coefficient in the second stage of Model 1 reveals
one component of the final indirect effect. Recall that this indirect effect not only presents
how the change in the share of Blacks impacts the urban spatial structure, including urban
size and shape, but also reveals a deeper meaning for the mediation analysis: it shows
how the change in the share of Blacks indirectly affects the outcomes through its influence
on urban spatial structure. Moreover, the second component of the final indirect effect is
shown in Model 2. The coefficient of the effect of urban spatial structure on outcomes in
the second stage in Model 2 reports the second component of the indirect effect. Finally,
the final indirect results shown in summary tables 6.1 — 6.8 are the product of these two
components of the indirect effect. In addition, the direct effect is shown by the coefficient
of change in the share of Blacks in the second stage in the second model in Appendix
C, and the value of the total effect, shown in summary tables in this section, is the sum
of the final indirect effect and direct effect. As a result, the proportion of indirect effect,
which shows how important the mediator is in the relationship between the treatments and
outcomes, refers to the share of the total effect represented by the final indirect effect. The
following are the summary results of indirect, direct, and total effects for different causal
chains with different final outcomes, including income performance in 1974 and 2010 and
air quality performance in 1980 and 2010.

4The conditional characteristics including shares of the manufacturing labor force, educational upward
mobility, and share of the 1940 Black migrants.
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6.3.1 Short-term Economic Outcomes

Table 6.1: Changes in Share of Blacks (T) — Urban Size (M) — Short-term Income
Outcomes (Y)

Total Income

1974
(1) (2)
Indirect effect (o, * a}f) 1.486*  1.581*
(.330)  (.445)
Direct effect (o) 305 456
(.450)  (.561)
Total effect 1.790*  2.037*

(.388)  (.390)
Proportion of Indirect Effect 83.02% 77.61%
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table 6.2: Changes in Share of Blacks (T) — Urban Shape (M) — Short-term Income
Outcomes (Y)

Total Income
1974

(1) (2)
Indirect effect (3%, * BM) 1.047° 992
(429)  (.605)

Direct effect (%) 743° 1.045P
(418)  (.456)
Total effect 1.790*  2.037*

(383)  (.390)
Proportion of Indirect Effect 58.47% 48.70%
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

According to Table 6.1, the total effect estimates that every 1% increase in the changes
in the share of Blacks from 1940 to 1970 increases total income in 1974 by 2.037% when
having full controls. Given that the average total income in 1974 was approximately $10,400
million °, this 2.037% increase represents roughly a $212 million rise in total income due
to the growth of urban Black population during the second wave of the Great Migration.
Given that the average increase in the share of Blacks between 1940 and 1970 is around
11%, which corresponds to roughly 59,000 additional Black populations on average. Then,
the result implies that for every 100 new Black residents, there was approximately $36
million of additional total income on average in 1974, or equivalent to $95 per person
annually, given the average population size of around 380,000 in 1975.

However, the direct effects of the change in the share of Blacks itself are small and not
statistically significant. Furthermore, the final indirect effect of the changes in the share
of Blacks from 1940 to 1970 on the total income in 1974 shows that each 1% increase in
the changes of the share of Blacks indirectly corresponds to a 1.581% rise in total income
in 1974. The indirect effect explains around 78% of the total effect. In other words, the
urban size in 1970 explains the majority of the total effects of the changes in the share of
Blacks from 1940 to 1970 on the total income in 1974 that we discussed above.

5We adjusted the monetary values from 1974 to their 2010 equivalents using the Consumer Price Index
(CPI) to account for inflation.
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In Table 6.2, the results of the total effect of the increase in the share of Blacks on total
income in 1974 are explained previously. The only difference in this causal chain is that
we change the mediator from urban size to urban shape compared with the previous chain.
When applying the control variables, the direct effect estimates that the 1.045% increase
in the total income in 1974 is because of the changes in the share of Blacks from 1940 to
1970 itself. However, the final indirect effect is statistically insignificant. That is to say,
different from urban size, urban spatial connectivity does not play an important role in
transferring the effect of an increased Black population on economic growth in the short
term.

6.3.2 Long-term Economic Outcomes

Table 6.3: Changes in Share of Blacks (T) — Urban Size (M) — Long-term Income
Outcomes (Y)

Total Income

2010
(1) (2)
Indirect effect (al, * adf) 1.109*  1.369%
(331)  (.358)
Direct effect (ai) .010 041
(146)  (.154)
Total effect 1.120*  1.410°

(268)  (.340)
Proportion of Indirect Effect 99.02% 97.09%
Control X

Note: @, %, and © denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table 6.4: Changes in Share of Blacks (T) — Urban Shape (M) — Long-term Income
Outcomes (Y)

Total Income

2010
(1) (2)
Indirect effect (3%, * BM) 965> 1.107
(490)  (.791)
Direct effect (%) 155 .303¢
(157)  (.174)
Total effect 1.120*  1.410°

(268)  (.340)
Proportion of Indirect Effect 86.16% 78.51%
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Regarding the long-term effect in Table 6.3, the total impact estimates that every 1%
increase in the changes in the share of Blacks from 1940 to 1970 increases total income
in 2010 by 1.410% when having controls. Given that the average total income in 2010
was around $16600 million, this 1.410% increase indicates an approximately $234 million
increase in total income in 2010 due to the increasing Black population between 1940 and
1970. During this period, the average change in the share of Blacks is around 13%, which
corresponds to roughly 89,000 additional Black populations on average®. The results imply
that every 100 more Black residents in cities caused approximately $26 million more total
income on average in 2010, which is equivalent to $40 per person more annual income on
average, given the average population size of around 645,000 in 2010.

Regarding the underlying direct effect, the effects on total income in 2010 due to the
change in Blacks’ share are small and not statistically significant. Moreover, the final

6The average Black population change between 1940 and 1970 may be different across different causal
chains due to different sample sizes available for each chain. Specifically, because different outcomes have
differences in data availability, the final useful number of observations in each causal chain may differ.
Due to data limitations, we did not balance variables across all causal chains. We expect to maximize
the sample size for each causal chain individually to keep as much data as possible for each individual
relationship. Thus, the average Black population change between 1940 and 1970 discussed here differs
from the one we mentioned for another chain. Similarly, the average Black population change between
1940 and 1970 may vary in subsequent contexts.
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indirect effects show that every 1% increase of the changes in the share of Blacks indirectly
caused a 1.369% rise in the total income in 2010 through the impact on urban size. Thus,
there is a full mediation effect that the urban horizontal expansion in 1970 explains almost
all of the total impacts of the changes in the share of Blacks from 1940 to 1970 on the total
income in 2010 that we discussed previously. In comparison, Table 6.4 shows a small but
statistically significant direct effect, while the indirect effect shows economic significance
with a high fraction but statistically insignificant. This implies that the effect of the
changes in the share of Blacks on total income in 2010 did not run through the urban
shape, represented by the cohesion index.

6.3.3 Short-term Environmental Outcomes

Table 6.5: Changes in Share of Blacks (T') — Urban Size (M) — Short-term AQI Outcomes
(Y)

Median Max Unhealthy
AQI AQI Weather
1980 1980 1980

(1) (2) (3) (4) (5) (6)
Indirect Effect (af, * ajf) -.002 130 101 A38° -.001  .040°
(.103) (.087)  (.065)  (.074) (.032) (.024)
Direct Effect (af) 075 .030 .040 .039 .033 .020
(.074)  (.060)  (.051)  (.059) (.022) (.016)
Total Effect 073 .160P 1412 A77* 0 .033> 0607

(055)  (067) (.039) (.046) (.015) (.017)
Proportion of Indirect Effect 2.74% 81.25% 71.63% 77.97% 3.03% 66.67%
Control X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table 6.6: Changes in Share of Blacks (T) — Urban Shape (M) — Short-term AQI Out-
comes (Y)

Median Max Unbhealthy
AQI AQI Weather
1980 1980 1980

1) (2 (3) (4) (5) (6)

Indirect effect (3%, * BM) -.001  .072 072 076  -.001 022
(.074) (.075) (.057)  (.065) (.023) (.021)
Direct effect (57) 074 .088°  .068° 100> 033> .0382
(.052) (.046) (.041) (.044) (.015) (.012)
Total effect 073 160> 141 a77* 033> .060°

(055) (.067) (.039) (.046) (.015) (.017)
Proportion of Indirect Effect 1.37%  45%  51.06% 42.94% 3.03% 36.67%
Control X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

According to our preferred estimation results, which control all characteristics and fixed
effects, in Table 6.5, the total impact estimates that every 1% increase in the changes in
the share of Blacks increases the median AQI in 1980 by 0.16%. Given that the average
median AQI in 1980 was approximately 44, the 0.16% increase means a 0.0704 increase
in the average median AQI. During the second wave of the Great Migration, there were
roughly 72,000 additional Black residents in cities on average, which implies that every
10,000 additional Black residents caused the median AQI to increase by around 1.

Similarly, the results indicate that every 1% increase in the changes in the share of
Blacks increases the max AQI in 1980 by 0.177%. Given that the average max AQI in
1980 was around 196 and the average Black population rise between 1940 and 1970 was
around 72,000, the results show an increase of max AQI by around 5 for every 10,000
additional Black residents. In comparison, the increasing Black population has a five times
greater impact on the max AQI than the median AQI because the max AQI amplifies the
effect on high pollution areas such as areas with high industrial or traffic density. In other
words, the same increase in the Black population leads to a higher risk of having extremely
high AQI on some days in high-pollution areas, highlighting the need for greater attention
to these regions when handling the demographic shift.

The last AQI-related outcome is the ratio of unhealthy weather days. The results show
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that every 1% increase in the change in the share of Blacks increases the ratio of unhealthy
weather days in 1980 by 0.06%. Given that the average ratio of unhealthy weather days
is around 12% and the average Black population rise between 1940 and 1970 was around
72,000, the results indicate that every 10,000 additional Black residents leads to around
half more unhealthy weather days out of a year in 1980.

The underlying indirect impact of the demographic shift on the ratio of unhealthy
weather days and max AQI have statistically significant results, while the direct effects are
insignificant. They show a mediation effect that the indirect effect explains more than half
of the total effect. In detail, the changes in the share of Blacks from 1940 to 1970 indirectly
influenced the air quality outcomes in 1980, and this indirect influence ran through urban
size in 1970. However, there is no statistically significant result for direct or indirect effects
regarding median AQI.

In Table 6.6, the total effect of the changes in the share of Blacks on AQI outcomes in
1980 has been discussed previously in Table 6.5. Unlike the urban size, when the urban
shape is a mediator, the results show that the demographic shift only directly affected AQI
outcomes in 1980 but not indirectly through the mediator. That is to say, the effect of
the demographic shift on the AQI outcomes in 1980 is not through the changes in urban
spatial dispersion.
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6.3.4 Long-term Environmental Outcomes

Table 6.7: Changes in Share of Blacks (T) — Urban Size (M) — Long-term AQI Outcomes

(Y)
Median Max Unhealthy
AQI AQI Weather
2010 2010 2010
(1) (2) (5) (6)
Indirect effect (af, * adf) 025 077 -.020 .002
(.053)  (.053)  (.049)  (.047) (.021)  (.011)
Direct effect (ai) .093P 087" .027° .020°
(.042)  (.038)  (.048)  (.052) (.015)  (.010)
Total effect 118 1642 076% .007 .0222
(.030)  (.040)  (.030)  (.046) (.007)  (.006)
Proportion of Indirect Effect 21.19% 46.95% 32.89% 76.34% 285.71% 9.09%

Control

X

X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent

levels, respectively.
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Table 6.8: Changes in Share of Blacks (T) — Urban Shape (M) — Long-term AQI Out-
comes (Y)

Median Max Unhealthy
AQI AQI Weather
2010 2010 2010

(1) (2) (3) (4) 5) (6

Indirect effect (3%, * BM) 017 .050 018 065  -.014  .001
(.038)  (.044)  (.036) (.051) (.017) (.007)
Direct effect (55) .100* 1142 .059 .065 021> 0212
(.030)  (.029)  (.037)  (.047) (.010) (.007)
Total effect 118% .164* .076% 1312 007 .022%

(030)  (.040)  (.030) (.046) (.007) (.006)
Proportion of Indirect Effect 14.41% 30.49% 23.68% 49.62% 200% 4.55%
Control X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Regarding the long-term effect, the total impact on Tables 6.7 and 6.8 shows that every 1%
increase in the changes in the share of Blacks increases the median AQI by 0.164%. This
0.164% increase can be translated to a 0.07954 increase in median AQI in 2010, with the
average median AQI in 2010 being approximately 48.5. Given that the average increase of
the Black population during the second wave of the Great Migration was around 65,000,
the result implies that every 10,000 increase in Black residents caused the median AQI to
increase by around 1 in 2010. Compared with the median AQI performance in 1974, the
impact of past demographic shifts between 1940 and 1970 on current air quality conditions
in 2010 has not weakened as time passed; instead, it has maintained the same intensity
as the short-term effects we discussed above. Also, the average median AQI has increased
from 1980 to 2010.

Moreover, the results show that every 1% increase in the changes in the share of Blacks
increases the max AQI by 0.131%. Given that the average max AQI was around 141 in
2010, and the average increase of the Black population during the second wave of the
Great Migration was around 65,000, this result shows every 10,000 more Black residences
caused the max AQI increase by around 3 in 2010. The impact of Black population growth
on extreme AQI in 2010 is three times greater than the impact on median AQI in 2010.
However, compared to the short-term effects discussed previously, the difference between
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the long-term impacts on max AQI and the long-term impacts on median AQI is narrowed.
This suggests that environmental strategies have improved over time to control air quality
better in high-pollution areas, or relevant policies have become more effective in managing
high-pollution sources. As a result, the gap between the effects of the demographic shift
on max AQI and median AQI is reducing, and the average max AQI is decreasing from
1980 to 2010 as well.

Regarding the ratio of the unhealthy weather days in 2010, the result shows that every
1% increase in the changes in the share of Blacks increases this outcome by 0.022%. Given
that the average ratio of unhealthy weather days in 2010 was approximately 3.57%, and the
average increase of the Black population during the second wave of the Great Migration
was around 65,000, the result displays that every 10,000 Black population growth causes
around 0.044 more unhealthy weather days out of a year in 2010.

The underlying mechanisms for the total effect of the demographic shift on air quality
performance are similar across different AQI outcomes, except for the max AQI. Specif-
ically, the statistically significant direct effect and the insignificant indirect effect shown
in tables 6.7 and 6.8 indicate that the changes in the share of Blacks directly impact the
long-term air quality outcomes but not indirectly through the impact on urban spatial
structures, including urban size and spatial dispersion. In other words, the demographic
shift in the past has a sustained direct effect on air quality outcomes today, independent
of changes in urban spatial structure caused by the population difference in the past.

Moreover, different from the median AQI and ratio of the unhealthy weather days,
the max AQI represents an extreme air quality condition. The long-term results show a
statistically significant indirect effect of the increasing Black population on max AQI, and
the direct effect is statistically insignificant. This implies that the effect of the changes
in the share of Blacks in the past on max AQI today is majority through the effect of
the demographic shift on urban size” in the past. Compared with the result for average
air quality conditions (ex., median AQI and the ratio of the unhealthy weather days),
which shows a close and direct correlation to the change in population size, extreme air
quality conditions in the long term, such as a day with the highest air pollution, are more
depend on how the increasing Black population influence the urban horizontal expansion.
In other words, the increase in the Black population in the past caused the urban horizontal
expansion, which might lead to long-term spatial structure issues such as improper numbers
and location of the industrial infrastructure. These issues persist today and quickly worsen

"When the mediator is the urban shape and outcome is max AQI in Table 6.8, there is no statistically
significant direct or indirect effect. This implies no noticeable mediation effect of the changes in the share
of Blacks on long-term max AQI when the observed mediator is urban shape.
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the extreme air pollution conditions when occasionally extreme events happen, such as
extremely high temperatures, which cause a very high air pollution level in a day or couple
of days. On the other hand, unlike the extreme air quality conditions, the average air
quality conditions reflect the general environmental performance, which is influenced by
continuous everyday human activities but not the extreme conditions in one or couple of
days. Thus, in terms of the long-term effects of average air quality conditions, the urban
spatial structure is no longer a significant mediator, and the effect of the increasing Black
population in the past directly influences the average air quality performance.

6.4 Discussion

In this chapter, we examined the effect of the racial composition shock between 1940
and 1970 on economic and environmental outcomes in the short and long term. We also
studied the role of the urban spatial structure in 1970 as a mediator in transferring the
indirect effect of the demographic shift during the second wave of the Great Migration
on outcomes. Specifically, we employed an IV mediation approach to study the total
impact of the racial composition shock on outcomes and the underlying indirect and direct
effects when considering urban spatial structure as the mediator. Also, this IV mediation
approach allows us to use the predicted Black migration as the IV to avoid biases caused
by the issues of reverse causality and unobserved factors. Finally, we can capture credible
results estimates to understand the causal relationship between the demographic shift and
outcomes and how the racial composition shock influences the outcomes through urban
size or spatial dispersion.

The total effect of the racial composition shock on economic and environmental per-
formance answers the first main question in this chapter about how the influx of African
American migrants during the second wave of the Great Migration (1940-1970) affected the
short—and long-term economic and environmental outcomes. Specifically, an increase in
the Black population would drive an increase in income and AQI outcomes both short-term
and long-term. Recall that a higher value of AQI outcomes means a worse environmen-
tal performance. Thus, the growth of the Blacks causes a worse environmental outcome.
Although the existing literature did not examine the same causal relationships as we did,
they have similar results that are consistent with our results [63, (9].

Moreover, this chapter expects to further explore the complex mechanisms behind these
general causal relationships by using a mediation analysis approach to reveal the truth.
By adding a mediator, we can separate the influence not directly caused by independent
variables on outcome variables to more accurately understand how independent variables
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affect outcome variables through different paths. In detail, for the racial composition
shock during the second wave of the Great Migration, we consider the importance of the
urban spatial structure that was influenced by the changes in the share of Blacks during the
immigration shock. Therefore, we choose the urban spatial structure as a mediator to more
comprehensively reveal the complex influence mechanism of the racial composition shock
on the economy and environment, answering the second main question in this chapter:
How did urban size and shape play a role as a bridge in the relationship between the racial
composition shock and the outcomes?

When we consider the total income in 1974 to represent the short-term economic per-
formance, the results suggest that an increase in the urban Black population leads to an
expansion of urban size, leading to a rise in income. The expansion of urban size may rep-
resent more space for economic activity, a larger housing market, and more employment
opportunities, which cause an increase in income. By applying the mediator, we find that
the direct effect of the changes in the share of Blacks on short-term income outcomes is not
significant. This indicates that urban size as a mediator can explain most of the impact of
the racial composition shock on income in the short term. In other words, the short-term
income effect of the racial composition shock between 1940 and 1970 entirely depends on
how the changing Black population changes the city’s physical size at the end of the Great
Migration. However, urban shape, which represents another dimension of urban spatial
structure, is not an important mediator in transferring the effect of the changes in the
share of Blacks on short-term income performance.

When the outcome variable becomes long-term income performance in 2010, and the
mediator is urban size, the positive impact of the increase in the Black population between
1940 and 1970 on income in 2010 is entirely run through urban expansion. In other words,
the increase in the Black population during the Great Migration drove the expansion of
cities at that time, and this change in past conditions led to long-term income growth.
Similar to the short-term result when the mediator is urban shape, the effect of the in-
creasing Black population in the past on income persists until today, but this influence
does not run through urban shape.

Regarding the specific value of coefficients, the long-term impact of the change in the
share of Blacks during the Great Migration on the economy in 2010 is weaker than that
in 1974. From this comparison, we can see that the growth in the Black population in the
past rapidly affected the horizontal expansion of cities in the past, which in turn translated
into short-term income growth. On the other hand, although the past racial composition
shock still affects future income through the past urban size, the direct, indirect, and total
effects are diminished by the complexity of the economic structure and other factors in the
long term.
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In urban development discussions, the economy is one dimension, while the environment
represents another critical aspect. Specifically, we use the median and max AQI and the
ratio of unhealthy weather days as environmental performance measures. Recall that a
higher value of these variables means worse air quality performance. The results show
that the negative impact of Blacks’ growth on the environment in the short term highly
depends on the expansion of the urban size, as evidenced by the mediation effect observed
when analyzing the max AQI and the ratio of unhealthy weather days. In other words, the
increase in the Black population leads to the expansion of the urban size, and this expansion
leads to increased construction activity and traffic flow, and then causes deterioration of
air quality, showing a significant impact on extreme air quality conditions and the ratio of
unhealthy weather days. This may be because urban size expansion is usually accompanied
by the development of more land for residential, commercial, and industrial uses, which
increases pollution sources and, in turn, worsens air pollution immediately. However, when
examining median AQI as outcomes, the mediation analysis reveals only a total effect of
the racial composition shock on AQI, implying other unconsidered variables or pathways
affecting the median AQI.

When we use urban shape as the mediator, the results reveal a total and direct neg-
ative effect of racial composition shock on the environment in the short term. In detail,
the growth of urban Blacks caused by significant Black immigration from the South to
non-southern cities might lead to increased economic activities, accompanied by more in-
dustrial pollution and car usage, negatively influencing air quality. Moreover, unlike urban
size, urban shape does not play a role as the mediator in the relationship between racial
composition shock and air quality outcomes in the short term. In other words, the effect
of the racial composition shock on air quality outcomes does not need to proceed through
urban shape. Building on our previous discussion, where urban size is used as the media-
tor, it becomes evident that the negative environmental impacts of the racial composition
shock are primarily mediated by the expansion of urban areas compared with the urban
shape.

For the long-term outcomes in terms of median AQI and the ratio of unhealthy weather
days, regardless of whether the mediator is urban size or urban shape, the results show
that the growth in the Black population from 1940 to 1970 had a negative total and direct
impact on the environment by 2010. This long-term negative effect indicates sustained en-
vironmental degradation over time because of the racial composition shock that happened
in the past, which led to a dramatic increase in the Black population in the past. However,
according to the results, we did not observe any indirect effect when urban size and shape
were used as mediators. This means that the mediating effect of urban size and shape on
long-term environmental outcomes, particularly for median AQI and the ratio of unhealthy
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weather days, are not noticeable. From the perspective of time, according to our previous
discussion, urban size in 1970, caused by the growth of the Black population from 1940
to 1970, is an effective mediator for the relationship between the racial composition shock
and the environmental outcome in 1980. Because this impact is short, the environmental
performance is more reflected by the physical expansion of urban size. Therefore, as a
mediator, urban spatial structure, especially urban size, can better transfer the influence
of racial composition shock on the environmental outcome in the short term. However,
by 2010, when the urban spatial structure in 1970 was used as a mediator, there was a
relatively ineffective mediating effect. At this time, the impact of past racial composi-
tion shock on the environment today may not run through the changes in urban spatial
structure in the past but through the increasing human activities due to the increasing
Black population in the past or through other long-term factors, such as policy changes
or technology development over time. In addition, the long-term max AQI performance
tells a different story. Although the effect of the growth of the Black population in the
past on the general air quality level today is not through the effect on urban size in the
past, the potential spatial structure issues based on different urban sizes, which are caused
by different Black population levels, would persist until today and affect air quality under
extreme conditions.

According to the findings, we can see the dilemma between economic growth and envi-
ronmental protection because of the increasing number of urban Black residents during the
second wave of the Great Migration. We can tell that an increased environmental burden
often accompanies economic development. Therefore, how to reduce environmental pres-
sure while promoting economic growth is a key challenge to achieving sustainable urban
development. Although this chapter focuses on the racial composition shock between 1940
and 1970 in the last century, the findings still have important implications for modern
urban planners and policymakers that can help optimize urban planning to achieve SDG
11: Make cities and human settlements inclusive, safe, resilient, and sustainable [62].

As mediators, urban size plays an important role in transferring the effect of racial
composition shock to economic outcomes. Also, urban size plays an important role as
the mediator in transferring the impact of the racial composition shock on environmental
outcomes, especially in the short term. Therefore, when policymakers plan for popula-
tion mobility, the close connection between urban spatial structure and population change,
especially the Black population change, and the important role of the urban size as a medi-
ator should be recognized. We suggest that policymakers analyze the population prediction
data to make corresponding plans for infrastructure construction in advance to adapt to
population growth and unavoidable migration in the future. For example, policymakers
can predict the migration status to recognize the place more likely to become a migration
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hotspot and set the urbanization construction and regional planning according to the needs
to prevent the chaotic expansion and urban sprawl caused by population increase. In this
way, they can ensure short-term environmental protection while the economy develops to
achieve urban sustainability. Additionally, due to the direct effect of Black population
growth on outcomes, policymakers can focus on Black population redistribution and take
reasonable intervention and guidance. For example, they can rationally guide existing or
potential residents to low-pollution areas by providing better employment opportunities
and living conditions there. As a result, this can effectively reduce the intense negative
air quality impact caused by population concentration in high-pollution areas and, at the
same time, keep the potential labor force and economic activities to motivate economic
growth.
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Chapter 7

CONCLUSION

This thesis innovatively constructed an urban spatial dataset and applied this dataset in
empirical studies to reveal the relationship between the Great Migration and urban spatial
structure, as well as further links to economic and environmental performance. First, we
showed the historical development trajectory of urban spatial structure in the United States
between 1900 and 1970. We also quantitatively examine the evolution of the urban system
in America over time. Secondly, we focused on the role of the Great Migration in altering
urban spatial structure in American non-southern urban areas. Thirdly, we focused on the
importance of the urban spatial structure in shaping economic and environmental perfor-
mance over time. Lastly, we investigated the effect of the Great Migration on economic
and environmental outcomes. Also, we studied the underlying direct and indirect effect of
the Great Migration on the outcomes through the effect on urban spatial structure. The
following are the key findings in this Thesis for answering research questions:

e How did urban spatial structure evolve in the United States from 1900 to 1970, and
what patterns characterized the growth and organization of the U.S. urban system
during this period?

— At the Syncity level, the analyses of multiple Syncities — regardless of their
location in the United States or when they emerged — revealed a strong con-
sistency in spatial development patterns. This is not to say that all Syncities
develop like each other or grow at the same pace; however, there are different
patterns across different regions and certain types of geography, such as being
located inland versus on a coast. These patterns demonstrate the American
urban spatial structure’s complex but orderly development trajectory.

105



— From a macro perspective, from 1900 to 1970, American Syncities showed highly
regular trends in horizontal size development and shape evolution. Moreover,
each decade’s new clusters also show a specific pattern — they fill in between
existing clusters while some expand outward.

— The first examination of equilibrium conditions shows that CCA clusters have a
strong distribution pattern in our re-defined cities — clusters near the center are
more affiliated with the city and vice versa. This distribution pattern represents
that city centers have relatively strong attraction and shows the trend of urban
expansion from the center to the periphery.

— The second examination of the equilibrium conditions indicates that cities gen-
erally continuously organized their overall structures over the years to minimize
internal transportation costs during development.

— The population and size of Syncities fit relatively well with Zipf’s law, which
indicates a hierarchical structure of Syncities. In addition, the American ur-
ban system has shown continuous improvement and is now near enough to an
absolute hierarchical structure. However, it is still not perfect.

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

— The more the Black population increased during the second wave of the Great
Migration (1940-1970), the more horizontal expansion in cities would be at the
end of the Great Migration (1970).

— The more the Black population increased between 1940 and 1970, the more
urban spatial dispersion would be in 1970.

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

— The more urban horizontal expansion was in 1970, the higher the income level
would be in 1974 and 2010. Moreover, the influence on income in 2010 was
smaller than in 1974.

— The more urban spatial dispersion was in 1970, the higher the income level
would be in 1974 and 2010. Similar to urban size, the magnitude of the effect
on income level reduced over time.

— The larger the urban size was in 1970, the worse the air quality would be in
1980 and 2010. Moreover, the effect of urban size on air quality performance in
2010 was smaller than in 1980.
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— The more urban spatial dispersion was in 1970, the worse the air quality would
be in 1980 and 2010. Also, the magnitude of the effect reduced from 1980 to
2010.

e What were the short- and long-term economic and environmental impacts of the
influx of African American migrants during the second wave of the Great Migration
(1940-1970) on U.S. cities, and how did changes in urban size and spatial structure
mediate the relationship between this demographic shift and its effects?

— The more the Black population increased during the second wave of the Great
Migration (1940-1970), the higher the income level would be in 1974 and 2010.
In addition, the effect of the changes in the share of Blacks on income level in
2010 was smaller than that in 1974.

— The more the Black population increased between 1940 and 1970, the worse the
air quality would be in 1980 and 2010. Moreover, the effect of the changes in
the share of Blacks on median AQI in 1980 has a similar magnitude compared
with the effect in 2010. On the other hand, the influence on max AQI and ratio
of unhealthy weather days shows a decreasing magnitude over time.

— Black population growth between 1940 and 1970 has no direct effect on income
level in 1974 and 2010 when considering urban size as the mediator. That is
to say, the urban size in 1970, as a mediator, provides an important mediation
effect for the effect of the Black population growth on income. In comparison,
urban spatial dispersion in 1970 is not a mediator for the effect of the changes
in the share of Blacks on income.

— Regarding the short-term effect on air quality performance, the effect of Black
population growth between 1940 and 1970 on air quality performance in 1980
was mainly through the urban horizontal expansion in 1970, especially when
max AQI and the ratio of unhealthy weather days represent the air quality
performance. In comparison, urban spatial dispersion in 1970 is not a proper
mediator to transfer the influence of the change in the share of Blacks between
1940 and 1970 on air quality performance in 1980.

— Regarding the long-term effect on air quality performance, urban size or urban
spatial dispersion in 1970 does not mediate the effect of the changes in the share
of Blacks between 1940 and 1970 on air quality performance in 2010. In other
words, the demographic shift is more likely to influence air quality performance
in the long term directly due to the changes in the share of Blacks in urban areas.
However, the effect on the max AQI is an exception, especially when the urban
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size is the mediator. Our finding shows that the urban size in 1970 mediates the
majority effect of the Black population growth between 1940 and 1970 on max
AQI in 2010. This indicates that the issues of urban spatial structure caused
by the horizontal expansion in the past, which was driven by the increase in the
Black population in the past, persist until today and transfer the effect of the
changes in the share of Blacks in the past on air quality in extreme cases today.

These findings have important implications for current and future urban planning.
Understanding the rules of urban spatial structure and historical migration patterns can
help planners formulate more rational urban development strategies to achieve Sustainable
Development Goal (SDG) 11: “Make cities and human settlements inclusive, safe, resilient
and sustainable”! [62]. Specifically, this thesis provides a new historical urban spatial
dataset in America and provides urban planners or policymakers with a novel lens for
defining urban boundaries using the City Clustering Algorithm (CCA). This novel method
can help planners detect real development needs for sustainable cities without bias from
misleading subjective administrative boundaries.

In addition, empirical studies show a correlation between the changes in the share
of Blacks and urban spatial structure in America, which further correlates to economic
and environmental performance. The lessons from the empirical studies first show urban
planners the importance of population redistribution in formulating urban development
plans, especially regarding migrants of different races with different cultures and life back-
grounds. Moreover, when planners make strategies and policies, they should pay attention
to the significant role of urban spatial structure and the changes in population on economic
and environmental performance, thinking about both economic growth and environmental
degradation. Also, our findings highlight the importance of urban horizontal expansion
as a mediator, and planners should especially consider the impact of population flow on
urban size when they regulate the impact of urban population flow on the economy and
the environment. Planners can rationally use this mediating effect to optimize policies to
better control the balance between economic and environmental outcomes.

Building on all insights in this thesis, the following are two sections, including a discus-
sion of the main limitation of this thesis and potential future research that could further
expand upon this thesis.

!This thesis relates directly to SDG 11.3: “By 2030, enhance inclusive and sustainable urbanization
and capacity for participatory, integrated and sustainable human settlement planning and management
in all countries.”, and SDG 11.6: “By 2030, reduce the adverse per capita environmental impact of cities,
including by paying special attention to air quality and municipal and other waste management.” [62].
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7.1 Limitations of the Study

7.1.1 Limitation of the Data Availability

The main limitation of this thesis is that there are relatively few observations in the final
dataset. The main reason for this limitation is the incompleteness of historical data.
To study the correlation between the Black population redistribution and urban spatial
structure during the second wave of the Great Migration, we need to make sure the urban
Black population data in 1940 matches the data in 1970 to calculate the growth of the
Black population between 1940 and 1970. Currently, 711 non-Southern cities have data
on the urban Black population in 1940, and 891 non-Southern cities have data in 1970.
However, these data do not cover all non-southern cities, and the number of cities with
available data on the Black population in both 1940 and 1970 is only 296. In other words,
there are only 296 observations that we can use to calculate the changes in the share of
Blacks between 1940 and 1970.

The second reason for fewer observations is that different variables have different geo-
graphical levels, and the boundaries at various geographical levels intersect or contain with
each other. For example, the urban black population data has a different geographic level
from urban spatial data: Black population data are at the official administrative city level,
while urban spatial data are at the redefined Syncity level. Some boundaries of urban
areas at different geographical levels may intersect, or some syncities may contain multiple
small cities. Therefore, we constructed a city-syncity crosswalk. This crosswalk can satisfy
the requirement that each Syncity can match one or a couple of cities, and the cities are
not repeated in the dataset. Using this crosswalk, we can match the Black population
at the administrative city level with the spatial data at the Syncity level. Then, we can
collapse the Black population data at the city level to the Syncity level. At this point, the
296 observations at the city level mentioned earlier collapsed to 168 at the syncity level.
According to this method, other city-level data, such as income level, is also collapsed to
the Syncity level.

Some key variables lack city-level data, including air quality data in 1980 and 2010,
manufacturing labor share, and education data. For these variables, we can only obtain
county-level data. Therefore, we constructed a county-Syncity crosswalk to match the data
at different geographic levels. This crosswalk is constructed based on the same principle
as the city-Syncity crosswalk. When matching city and Syncity, a Syncity contains one
or several administrative cities, but cities are too small to contain any Syncity. However,
when matching county and Syncity, some counties may include multiple syncities while
other syncities may consist of several counties. This means we cannot collapse the data
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to a specific geographic level. To address this issue, we constructed a new set of codes
representing geographic locations for county-Syncity unions. This union could be one
Syncity that overlaps with one county, several syncities overlap with the same county, or
several counties overlap with the same Syncity. Then, we can collapse the county-level data
to this new county-Syncity union level. At the same time, the previously unified Syncity
level data can be collapsed to the same county-Syncity union level. So, we can keep all
data in the final dataset at the same geographical level to ensure the consistency of the
study. As a result, the final county-Syncity union level dataset has 160 observations?.

Lastly, among these 160 observations, we excluded 27 with a negative total predicted
Black migration. These negative values indicate that 27 locations are predicted to have
a certain number of Black people leaving the North or West to the South between 1940
and 1970. However, our research primarily focuses on the impact on Northern and West-
ern cities when Southern Blacks migrate to the North and West but not when Northern
or Western Blacks leave. This means these 27 observations do not apply to our study.
Moreover, When the total predicted migration includes both positive and negative values,
considering both the predicted inflows to some non-southern cities and the outflows from
other non-southern cities. The mechanisms by which outflows impact non-southern cities
may differ significantly from those of inflows. As a result, as the IV, the data of migra-
tion outflows may introduce noise, weakening the explanatory power of the IV when it
is used for a complex IV mediation analysis. Thus, it is reasonable to exclude these 27
observations.

7.1.2 Limitation of Air Quality Data

In this Thesis, as an essential variable representing environmental performance, AQI has
limitations. Many objective factors, based on the geographical location of air quality
monitoring stations, may impact the accuracy of air quality data. For example, the air
quality data from the EPA may not accurately reflect the local air quality situation because
meteorological conditions have a particular impact on the trajectory of air pollutants. In

2There are 160 available observations for the changes in Black population, predicted Black migration,
and urban spatial data. This means that 160 available observations can be used to study the relationship
between the change in the Black population and urban spatial structure. However, there may be fewer
available observations for studying other relationships. For example, the available historical environment
data is limited, which means only limited urban spatial data matched with environmental data will be
kept when studying the relationship between urban spatial structure and environmental performance. In
other words, the number of observations for studying this relationship will be less than 160, depending on
how many observations have available environmental data.
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detail, before the monitoring station detects air pollutants, the wind may carry them away
from the source of the pollution, making the monitoring station not accurately reflect the
local air pollutant emission level. EPA has made an effort to consider the weather, such
as wind speed and direction, as an essential evaluation factor; they also pay attention to
the impact of physical features of the land on pollution distribution and the contribution
of potential emissions [05]. However, we should still be cautious and understand that
potential biases may exist, and the limitation may lead to inaccuracy in our final results.

7.1.3 Limitation of Mismatch Between Data Boundaries

The mismatch of data boundaries will bring limitations to this thesis. In the study, our
urban spatial dataset, calculated according to a redefined urban area, is mainly based on
the agglomeration of the building footprint. Other variables include the Black population,
income, and air quality; their data are obtained based on administrative boundaries, which
rely more on political or historical factors. Therefore, although the new urban spatial
dataset can avoid research biases caused by the official administrative boundaries, the
inconsistency in the boundary definition between urban spatial variables and other variables
may lead to a spatial mismatch among datasets and then affect the accuracy of the analysis
of the relationship between different variables.

One solution to avoid economic, environmental, or population data being inaccurately
applied to new urban boundaries is to use data in a smaller level of the spatial units. For
example, population data that was collected per grid cell can be used to match the newly
defined urban areas better. However, the available historical data do not provide such
small spatial units. In this thesis, we have used the data from the smallest geographical
unit that can be found, but the boundary mismatch cannot be avoided entirely now. In
the future, we expect to have the opportunity to see more refined raw data to reduce the
potential overestimation or underestimation of economic or environmental impacts in this
Thesis.

7.2 Future Research

This thesis focuses on the second wave of the Great Migration. However, the first wave
is also interesting because a significant agriculture shock occurred in Southern America
that may have significantly influenced the patterns of Black migration at that time. This
agricultural shock is the Boll Weevil infestation shock. The Boll Weevil is a tiny insect
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that feeds on cotton. Due to its rapid and long-distance movement, it caused widespread
and severe damage to cotton crops. 1892, the Boll Weevil entered the United States
in Brownsville, Texas. By 1920, all cotton-growing areas in the southern U.S. were in-
fested. This agricultural shock severely destroyed the Southern cotton economy, leading
to a wave of migration from the Southern to non-Southern urban areas, especially among
African Americans. In the late 19th and early 20th centuries, even though slavery had
been abolished, the Southern cotton industry still heavily relied on cheap Black labor.
The agricultural impact of the Boll Weevil on Southern cotton farming directly affected
these cotton workers’ livelihoods. As the cotton industry suffered, many African American
cotton workers faced unemployment. Although no longer slaves, these workers had no land
or property and lacked the funds to return to their distant hometowns. Thus, migrating
from farms and small towns in Southern areas to non-southern urban areas to search for
new opportunities was a relatively better option for them. Therefore, in future research,
exploring the first wave of the Great Migration related to such agriculture shock as the
push factor for the Black migration from South to North could provide valuable insights.

The development path of the urban spatial structure indicates a transformation in the
trend of the cohesion index, which declined rapidly after 1960 at the national level. This
change suggests that starting from 1960, the average distance between CCA clusters began
to decrease. There may be some reasons for this historical change in the urban spatial
patterns. Although this thesis did not research these reasons, our findings provide a new
direction for future research to understand historical changes in urban spatial patterns. We
suggest that by taking key policies and projects in the 1950s as the cases®, future research
could explain the shift of urban spatial patterns from less compact to more compact.
By analyzing past experiences, urban planners can understand how historical policies or
projects were reflected in urban structures while avoiding the same mistakes or replicating
the successful strategies for current urban planning.

This thesis only focuses on internal migration in the United States, but other types
of migration might also have relationships with the urban spatial structure. For example,
future work could look at the relationships between international immigration and the
spatial structure of American cities. Therefore, the work can study the contributions of
migrants from different cultures and backgrounds to urban spatial development and how
different urban spatial structures attract populations with different cultural backgrounds.

Another area for future work could examine how migration influences cities of different
sizes - large, medium, small, and newly emerging cities - and whether immigration impacts

3The highway project was implemented in the 1950s and 1960s, accelerating American urban planning
and construction.
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cities at various stages of development differently. On the other hand, the opposite direc-
tion of the relationship - how cities in different development stages influence immigration
differently - is also interesting.

Additionally, historical immigration affects cities’ initial development orientation, and
we suspect that this orientation sets the conditions for subsequent urban spatial develop-
ment. Thus, how past immigration reshaped the current urban spatial structure is also an
interesting and meaningful direction for future research.

Lastly, different urban administrations may have different policies toward migrants.
When migrants aim at a particular city, such a policy affects immigration flow. Thus, for
future research, it is interesting to see how different policies in different cities affect the
impact of immigration on urban spatial structure.
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Appendix A

Newly Formed CCA Clusters
Distribution of Selected Syncities

Following are the results of the Kdensity curve of the newly formed CCA clusters in Atlanta
and Cleveland, respectively. They show a similar idea compared to the national-level
result. The curve for 1900 in Atlanta has a big bump and a small bump at the distance
of 5 kilometers and 20 kilometers, respectively. The peaks of the curves for the following
decades are shifting out to the right and filling in the space between the two obvious
peaks in 1900, showing that the newly formed clusters in Atlanta kept filling in the spaces
between the older clusters. Additionally, Cleveland, as a city that borders Lake Erie, only
had a big flat bump in 1900, showing a relatively even distribution of the CCA clusters
in 1900. This is slightly different from the distribution in 1900 at the national-wide level.
However, the curves starting from 1910 all show two peaks (a high one and a low one),
and the higher peaks of the curves of the later decades are trying to fill in between the two
peaks in the previous decades. This reflects that Cleveland also follows the same rules as
the rules we found in the national-level results — the newly formed clusters are filling in
the spaces between the older ones.
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Figure A.1: Two Examples of New CCA Clusters Distribution: Kdensity
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Appendix B

Full Results of the Relationship
Between Urban Spatial Structure
and Outcomes

B.1

Effects of Urban Spatial Structure on Economic
Performance: Short-term

Table B.1: [Dependent: Ln Total Income 1974]

(1) (2) (3)

(IV)Second Stage OLS
Ln BUA 1970 (%) 1.032°  LI56*  1.057
(281)  (.329)  (.208)

(IV)First Stage

Ln Predicted BUA 1970 .874% .845%

(.029) (.031)
Observations 114 114 114
Cragg-Donald Wald F statistic 1079.129  887.943
Control X

Note: ¢, °, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table B.2: [Dependent: Ln Total Income 1974]
(1) (2) (3)
(IV)Second Stage OLS
Ln Cohesion Index 1970 (67) 3.864* 4.670° 1.002*

(1.104)  (1.985)  (.203)
(IV)First Stage

Ln Predicted Cohesion Index 1970  .6162 .4992

(.147) (.196)
Observations 114 114 114
Cragg-Donald Wald F statistic 23.491 12.989
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

B.2 Effects of Urban Spatial Structure on Economic
Performance: Long-term

Table B.3: [Dependent: Ln Total Income 2010]
(1) (2) (3)
(IV)Second Stage OLS
Ln BUA 1970 (’y;) .D79? .643? .6522

(101)  (.100)  (.103)
(IV)First Stage

Ln Predicted BUA 1970 8722 .862?

(.035) (.041)
Observations 74 74 74
Cragg-Donald Wald F statistic 699.206  512.139
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table B.4: [Dependent: Ln Total Income 2010]
(1) (2) (3)
(IV)Second Stage OLS
Ln Cohesion Index 1970 (6%) 2.468" 2.465P .916*

(596)  (1.042)  (.192)
(IV)First Stage

Ln Predicted Cohesion Index 1970  .546? .483P

(.168) (.235)
Observations 74 74 74
Cragg-Donald Wald F statistic 12.554 8.898
Control X

Note: ¢, and ¢ denote significance at the 1 percent, 5 percent,t, and 10
percent levels, respectively.

B.3 Effects of Urban Spatial Structure on Environ-
mental Performance: Short-term

Table B.5: [Dependent: Ln Median AQI 1980]
(1) (2) (3)
(IV)Second Stage OLS
Ln BUA 1970 (1) 120 165" .125°

(.020)  (.036)  (.029)
(IV)First Stage

Ln Predicted BUA 1970 873 .843?

(.040) (.043)
Observations 93 93 93
Cragg-Donald Wald F statistic 612.345  505.980
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table B.6: [Dependent: Ln Median AQI 1980]

(1) (2) (3)

(IV)Second Stage OLS
Ln Cohesion Index 1970 (67) 3407 AT5¢ .069¢
(132)  (267)  (.039)

(IV)First Stage

Ln Predicted Cohesion Index 1970 .776 .583P

(.188) (.263)
Observations 93 93 93
Cragg-Donald Wald F statistic 21.632 10.110
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Table B.7: [Dependent: Ln Max AQI 1980]
(1) (2) (3)
(IV)Second Stage OLS
Ln BUA 1970 (+{) 132% .140% 118*

(.026)  (.030)  (.026)
(IV)First Stage

Ln Predicted BUA 1970 8732 8432

(.040) (.043)
Observations 93 93 93
Cragg-Donald Wald F statistic 612.345  505.980
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table B.8: [Dependent: Ln Max AQI 1980]

(1) (2) (3)

(IV)Second Stage OLS
Ln Cohesion Index 1970 (67) 2082 400P 024
(096)  (.194)  (.027)

(IV)First Stage

Ln Predicted Cohesion Index 1970 .776 .583P

(.188) (.263)
Observations 93 93 93
Cragg-Donald Wald F statistic 21.632 10.110
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Table B.9: [Dependent: Ln Ratio of unhealthy weather days 1980]
(1) (2) (3)
(IV)Second Stage OLS
Ln BUA 1970 (%:5) .0392 .0532 .0342

(.008)  (.011)  (.008)
(IV)First Stage

Ln Predicted BUA 1970 8732 8432

(.040) (.043)
Observations 93 93 93
Cragg-Donald Wald F statistic 612.345  505.980
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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B.4

Table B.10: [Dependent: Ln Ratio of unhealthy weather days 1980]
(1) (2) (3)
(IV)Second Stage OLS

Ln Cohesion Index 1970 (6%) .105% 164¢ 017

(.039)  (.085)  (.011)
(IV)First Stage

Ln Predicted Cohesion Index 1970 .776 .583P

(.188) (.263)
Observations 93 93 93
Cragg-Donald Wald F statistic 21.632 10.110
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Effects of Urban Spatial Structure on Environ-
mental Performance: Long-term

Table B.11: [Dependent: Ln Median AQI 2010]
(1) (2) (3)
(IV)Second Stage OLS
Ln BUA 1970 (1¢) .070% .100* .058?

(022)  (.025)  (.019)
(IV)First Stage

Ln Predicted BUA 1970 8722 8412

(.031) (.034)
Observations 103 103 103
Cragg-Donald Wald F statistic 897.567  731.096
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table B.12: [Dependent: Ln Median AQI 2010]

(1) (2) (3)

(IV)Second Stage OLS
Ln Cohesion Index 1970 (%) 2392 347P .049P
(.085) (.149) (.024)

(IV)First Stage

Ln Predicted Cohesion Index 1970 .608 .498P

(.155) (.212)
Observations 103 103 103
Cragg-Donald Wald F statistic 20.530 11.580
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Table B.13: [Dependent: Ln Max AQI 2010]
(1) (2) (3)
(IV)Second Stage OLS
Ln BUA 1970 (74) .081* .081* 0742

(017)  (.023)  (.015)
(IV)First Stage

Ln Predicted BUA 1970 8722 8412

(.031) (.034)
Observations 103 103 103
Cragg-Donald Wald F statistic 897.567  731.096
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table B.14: [Dependent: Ln Max AQI 2010]
(1) (2) (3)

(IV)Second Stage OLS
Ln Cohesion Index 1970 (67) .229% 251P 021
(074)  (128)  (.021)

(IV)First Stage

Ln Predicted Cohesion Index 1970 .608 .498P

(.155) (.212)
Observations 103 103 103
Cragg-Donald Wald F statistic 20.530 11.580
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.

Table B.15: [Dependent: Ln Ratio of unhealthy weather days 2010]
(1) (2) (3)
(IV)Second Stage OLS
Ln BUA 1970 (75) 0132 .0192 .0102

(.003)  (.006)  (.002)
(IV)First Stage

Ln Predicted BUA 1970 8722 8412

(.031) (.034)
Observations 103 103 103
Cragg-Donald Wald F statistic 897.567  731.096
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table B.16: [Dependent: Ln Ratio of unhealthy weather days 2010]
(1) (2) (3)
(IV)Second Stage OLS

Ln Cohesion Index 1970 (67) 0422 .063P .008¢

(014)  (.026)  (.004)
(IV)First Stage

Ln Predicted Cohesion Index 1970 .608 .498P

(.155) (.212)
Observations 103 103 103
Cragg-Donald Wald F statistic 20.530 11.580
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Appendix C

Full Results of the IV Mediation

Analysis

Table C.1: Changes in Share of Blacks (T) — Urban Size

(M) — Short-term Income Outcomes (Y)

(1) (2)

Model 1 [Dependent: Ln BUA 1970]

Ln Changes in Share of Blacks 1940-1970 (%)

Second Stage
1.322*  1.627*
(.169)  (.229)
First Stage

Ln Predicted Total Black Migration 1940-1970  .292*  .243*
(.029) (.031)
Observations 114 114
Cragg-Donald Wald F statistic 77.782 36.733
Control X

Model 2 [Dependent: Ln Total Income 1974]

Ln BUA 1970 (o)
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Second Stage

1.124>  971*
(.204)  (.237)



Ln Changes in Share of Blacks 1940-1970 (of)  .305 456
(.450)  (.561)
First Stage
Ln Predicted Total Black Migration 1940-1970  .321*  .349*
(.058)  (.052)

Observations 114 114
Cragg-Donald Wald F statistic 37.652  50.711
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table C.2: Changes in Share of Blacks (T) — Urban Shape (M) — Short-term Income
Outcomes (Y)

(1) (2)
Model 1 [Dependent: Ln Cohesion Index 1970]

Second Stage

Ln Changes in Share of Blacks 1940-1970 (8%,) .440*  .435°
(.134) (.214)

First Stage

Ln Predicted Total Black Migration 1940-1970  .292*  .243%
(.029)  (.031)

Observations 114 114
Cragg-Donald Wald F statistic 77.782 36.733
Control X

Model 2 [Dependent: Ln Total Income 1974]

Second Stage
Ln Cohesion Index 1970 (8) 2.381* 2.281*
(.652)  (.818)
Ln Changes in Share of Blacks 1940-1970 (%)  .743¢  1.045P
(418)  (.456)
First Stage
Ln Predicted Total Black Migration 1940-1970  .152*  .149*
(.048)  (.052)

Observations 114 114
Cragg-Donald Wald F statistic 11.579 10.554
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table C.3: Changes in Share of Blacks (T) — Urban Size (M) — Long-term Income
Outcomes (Y)

(1) (2)
Model 1 [Dependent: Ln BUA 1970]

Second Stage
Ln Changes in Share of Blacks 1940-1970 (a%,) 1.462* 1.671%
(.241)  (.307)

First Stage

Ln Predicted Total Black Migration 1940-1970  .257*  .237*
(.033)  (.037)

Observations 74 74
Cragg-Donald Wald F statistic 56.164 33.186
Control X

Model 2 [Dependent: Ln Total Income 2010]

Second Stage

Ln BUA 1970 (o) 759*  .819*
(.188)  (.153)

Ln Changes in Share of Blacks 1940-1970 (of)  .010 041
(.146)  (.154)

First Stage

Ln Predicted Total Black Migration 1940-1970  .391*  .403?*
(.067)  (.067)

Observations 74 74
Cragg-Donald Wald F statistic 41.194 46.599
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table C.4: Changes in Share of Blacks (T) — Urban Shape (M) — Long-term Income
Outcomes (Y)

(1) (2)
Model 1 [Dependent: Ln Cohesion Index 1970]

Second Stage

Ln Changes in Share of Blacks 1940-1970 (81,) .477*  .486°
(.183)  (.270)

First Stage

Ln Predicted Total Black Migration 1940-1970  .257* 237
(.033)  (.037)

Observations 74 74
Cragg-Donald Wald F statistic 56.164  33.186
Control X

Model 2 [Dependent: Ln Total Income 2010]

Second Stage

Ln Cohesion Index 1970 (8) 2.023*  2.277°
(673) (1.022)

Ln Changes in Share of Blacks 1940-1970 (8)  .155 .303¢
(.157)  (.174)

First Stage

Ln Predicted Total Black Migration 1940-1970  .147" 145°¢
(.063)  (.076)

Observations 74 74
Cragg-Donald Wald F statistic 8.173  6.886
Control X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively.
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Table C.5: Changes in Share of Blacks (T) — Urban Size (M) — Short-term AQI Outcomes

(Y)

(1) (2) (3) (4)

()

(6)

Model 1 [Dependent: Ln BUA 1970]

Second Stage

Ln Changes in Share of Blacks 1940-1970 (o?,) 1.217% 1.385* 1.217* 1.385* 1.217* 1.385%
(.174)  (.200) (.174) (.200) (.174) (.200)
First Stage
Ln Predicted Total Black Migration 1940-1970  .286*  .272*  .286*  .272*  .286®  .272*
(.033) (.036) (.033) (.036) (.033) (.036)
Observations 93 93 93 93 93 93
Cragg-Donald Wald F statistic 72.865 42.365 72.865 42.365 72.865 42.365
Control X X X
Model 2 [Dependent: Ln AQI Outcomes 1980]
Second Stage
Ln BUA 1970 (o) -.001 094 .083 .099¢  -.001  .029°
(.084) (.061) (.052) (.051) (.026) (.017)
Ln Changes in Share of Blacks 1940-1970 (af)  .075 .030 .040 .039 .033 .020
(.074)  (.060) (.051) (.059) (.022) (.016)
First Stage
Ln Predicted Total Black Migration 1940-1970  .316*  .330*  .316*  .330*  .316*  .330*
(.054)  (.050) (.054) (.050) (.054) (.050)
Observations 93 93 93 93 93 93
Cragg-Donald Wald F statistic 33.981 42.279 33.981 42.279 33.981 42.279
Control X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively. Columns (1) and (2) display the results when the outcome
is median AQI, Columns (3) and (4) are for max AQI, and Columns (5) and
(6) are for the ratio of the unhealthy weather days.
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Table C.6: Changes in Share of Blacks (T) — Urban Shape (M) — Short-term AQI
Outcomes (Y)
(1) (2) (3) (4) (5) (6)
Model 1 [Dependent: Ln Cohesion Index 1970]
Second Stage
Ln Changes in Share of Blacks 1940-1970 (3%,) .476*  .383°  .476*  .383° 476  .383¢
(.168) (.210) (.168) (.210) (.168) (.210)
First Stage
Ln Predicted Total Black Migration 1940-1970  .286*  .272*  .286*  .272%  .286%  .272%
(.033) (.036) (.033) (.036) (.033) (.036)
Observations 93 93 93 93 93 93
Cragg-Donald Wald F statistic 72.865 42.365 72.865 42.365 72.865 42.365
Control X X X
Model 2 [Dependent: Ln AQI Outcomes 1980]
Second Stage
Ln Cohesion Index 1970 (B}) -.003  .189 152 200 -.001  .059
(.155)  (.166) (.107) (.130) (.048) (.046)
Ln Changes in Share of Blacks 1940-1970 (8%)  .074  .088¢  .068° .100> .033>  .038®
(.052) (.046) (.041) (.044) (.015) (.012)
First Stage
Ln Predicted Total Black Migration 1940-1970  .172* 164>  .172* 164>  .172*  .164°
(.062) (.067) (.062) (.067) (.062) (.067)
Observations 93 93 93 93 93 93
Cragg-Donald Wald F statistic 9.332 7.621 9332 7.621 9.332 7.621
Control X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively. Columns (1) and (2) display the results when the outcome
is median AQI, Columns (3) and (4) are for max AQI, and Columns (5) and

(6) are for the ratio of the unhealthy weather days.
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Table C.7: Changes in Share of Blacks (T) — Urban Size (M) — Long-term AQI Outcomes

(Y)

(1)

(2) (3) (4)

()

(6)

Model 1 [Dependent: Ln BUA 1970]

Second Stage

Ln Changes in Share of Blacks 1940-1970 (o?,) 1.331* 1.642* 1.331* 1.642* 1.331* 1.6422
(\183) (.243) (.183) (.243) (.183) (.243)
First Stage
Ln Predicted Total Black Migration 1940-1970  .288*  .241*  .288*  .241*  .288*  .241*
(.032) (.034) (.032) (.034) (.032) (.034)
Observations 103 103 103 103 103 103
Cragg-Donald Wald F statistic 68.073 31.537 68.073 31.537 68.073 31.537
Control X X X
Model 2 [Dependent: Ln AQI Outcomes 2010]
Second Stage
Ln BUA 1970 (o) .019 .047 019 061> -.015 .001
(.040) (.031) (.037) (.027) (.016) (.006)
Ln Changes in Share of Blacks 1940-1970 (&) .093>  .087P 051 .030 027¢.020°
(.042) (.038) (.048) (.052) (.015) (.001)
First Stage
Ln Predicted Total Black Migration 1940-1970  .305*  .343*  .305*  .343*  .305*  .343%
(.061) (.056) (.061) (.056) (.061) (.056)
Observations 103 103 103 103 103 103
Cragg-Donald Wald F statistic 30.301 44.038 30.301 44.038 30.301 44.038
Control X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively. Columns (1) and (2) display the results when the outcome
is median AQI, Columns (3) and (4) are for max AQI, and Columns (5) and

(6) are for the ratio of the unhealthy weather days.
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Table C.8: Changes in Share of Blacks (T) — Urban Shape (M) — Long-term AQI Out-

comes (Y)
(1) (2) (3) (4) () (6)
Model 1 [Dependent: Ln Cohesion Index 1970]
Second Stage
Ln Changes in Share of Blacks 1940-1970 (3%,) .461*  .460°  .461*  .460°  .461*  .460°
(.146) (.237) (.146) (.237) (.146) (.237)
First Stage
Ln Predicted Total Black Migration 1940-1970  .288*  .241*  .288* 241 288* .241*
(.032) (.034) (.032) (.034) (.032) (.034)
Observations 103 103 103 103 103 103
Cragg-Donald Wald F statistic 68.073 31.537 68.073 31.537 68.073 31.537
Control X X X
Model 2 [Dependent: Ln AQI Outcomes 2010]
Second Stage
Ln Cohesion Index 1970 (B}) 038 110 038  .142¢  -.031  .003
(.081) (.078) (.078) (.083) (.035) (.015)
Ln Changes in Share of Blacks 1940-1970 (%)  .100*  .114® .059 .065 021> 0212
(.030) (.029) (.037) (.047) (.010) (.007)
First Stage
Ln Predicted Total Black Migration 1940-1970  .150*  .147"  .150®  .147"  .150*  .147°
(.051) (.057) (.051) (.057) (.051) (.057)
Observations 103 103 103 103 103 103
Cragg-Donald Wald F statistic 10.187 9.039 10.187 9.039 10.187 9.039
Control X X X

Note: *,°, and ¢ denote significance at the 1 percent, 5 percent, and 10 percent
levels, respectively. Columns (1) and (2) display the results when the outcome
is median AQI, Columns (3) and (4) are for max AQI, and Columns (5) and

(6) are for the ratio of the unhealthy weather days.
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