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Abstract

Urbanization has long fueled a dual narrative: cities are heralded as sources of economic dynamism and wealth creation yet criticized for
fostering inequality and a range of social challenges. This paper addresses this tension using a multidisciplinary approach, combining
social sciences methods with satellite imagery-based spatial pattern analysis to study the US urban expansion over the past century.
We examine the impact of physical urban spatial characteristics (size, population density, and connectedness) on equality of
opportunity, measured through intergenerational mobility, as well as its association with levels of income, wealth, and social capital.
Our findings confirm that contemporary cities, particularly population-dense and expansive ones, are indeed divisive forces—acting
as centers for income and wealth generation but failing to deliver equal opportunities for economic mobility. Perhaps surprisingly,
this polarizing dynamic is a recent phenomenon. In the past, the most urbanized regions performed well in terms of income creation
and equality of opportunity. Our analysis supports the hypothesis that the mid-20th century marked a pivotal shift toward more

unequal and less inclusive patterns of urban growth.

Keywords: intergenerational mobility, income inequality, wealth inequality, urban sprawl, landscape ecology

Significance Statement

Childhood environment plays a major role in determining economic opportunity within and across generations. This paper presents a
framework and database to study childhood environments and intergenerational mobility over long time periods, fusing social scien-
tific methods with satellite imagery-based spatial analysis. We document key physical features of urban areas that are linked to long-
term reductions in intergenerational economic mobility since the mid-20th century. Areas fostering economic growth do not
necessarily promote more equal opportunity. These findings underscore the potential for evidence-based urban planning to address

inequality and drive sustainable development.

Introduction

From 1900 to 2020, the total share of urbanized land in the United
States increased 10-fold while the share of Americans living in ur-
ban places doubled from 40 to 80% (1). The urban transformation
of American society has fueled a clash of narratives. Some laud
the triumph of cities, portraying them as our greatest invention
as they deliver health, prosperity, innovation, and happiness (2—-
5). Critics, however, lament a “new urban crisis,” pointing to rising
inequality and economic immobility, enduring segregation, envir-
onmental deprivation, unaffordable housing, and unprecedented
economic disparities between regions (6-10). These conflicting
narratives present a paradox that may only be explainable with
reference to the complexity of cities and the multidimensional
nature of inequality (11).

This paper contributes to this conversation by studying the
long-term link between intergenerational mobility, income

inequality, and the physical aspects of urban expansion. We do
so by harnessing multidisciplinary advances from satellite-based
image analysis and records of millions of parents and children
linked across administrative data sources to describe a century
of change in the structure of urban land development and in-
equality across over 3,000 US counties. We then use these data
to explore whether the increased tendency for Americans to live
in big, sprawling, and increasingly connected urban areas has re-
shaped human development and inequality outcomes.
Specifically, how did the expansion of urban areas throughout
the 20th century influence patterns of intergenerational mobility
and economic inequality? By urban expansion, we refer to three
features: physical city size, population density, and connected-
ness of urban landscapes. Intergenerational mobility is measured
as the adult income attainment of children born into low-income
households in a given locale and is used widely as an indicator of
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equality of opportunity (12). The last decade of research on this
topic has highlighted the hyper-local nature of intergenerational
mobility (13, 14), where children’s outcomes are increasingly
understood to be determined by their places of childhood and
linked to local household structure, neighborhood social capital,
and residential segregation (15-18). Conceivably, if we could bet-
ter understand the place-based childhood determinants of inter-
generational mobility, policymakers, and planners would be
better positioned to improve equality of opportunity at its source.

Alongside the growing focus on neighborhoods, there is a need
to better understand the physical urban spaces in which these
communities are embedded. One motivation for doing so is that,
as the United States has transitioned to being a predominantly ur-
ban society, rates of intergenerational mobility have declined (19,
20), and spatial income and wealth inequality have climbed to un-
precedented levels (21, 22). Although there are many potential ex-
planations for these changes, including changes in industrial
technologies (23-25), there may be explicitly spatial factors at
play. Notably, leading scholars of civic and community engage-
ment have argued that the physical structure of modern cities
has limited opportunities for community engagement and the
building of social capital (26-28), properties that are powerfully
linked to sustainable growth (29), intergenerational mobility (15,
30, 31), and inequality in access to essential infrastructure (9).
Physical features of cities and regions may therefore be driving
unequal outcomes.

The motivation for this study is evident in the correlation of
county-level patterns of urban expansion and intergenerational
mobility (Fig. 1). In the United States, counties with high shares
of urban land tend to have lower average rates of intergeneration-
al mobility (r=-0.26). While children who grow up in many rural
places and smaller cities, such as Dubuque, Iowa, experience
comparatively high levels of upward mobility over recent decades,
those in counties with notably large sprawling urban centers such
as Fulton, Georgia (Atlanta), rank among the nation’s worst per-
formers. Given that larger and smaller places differ in many
ways, beyond their form, careful statistical analysis is required.

Nonetheless, existing studies have overwhelmingly examined
the social and economic characteristics of childhood neighbor-
hoods with respect to intergenerational mobility, rather than
the physical urban structures that may give rise to such contexts.
Of the studies that have examined physical urban characteristics
with respect to intergenerational mobility (30, 32-36), none have
studied the relationship between these processes over time. This
is a critical next step. If it is true that urban expansion weakens
communities to the detriment of intergenerational mobility,
then policy could seek to address the negative aspects of expan-
sion to improve equality of opportunity. Moreover, the structure
of urban regionsis durable, and its impact on inequality could per-
sist for generations. Our efforts here could thus inform broader ef-
forts aimed at creating more equitable and sustainable cities (7,
37) and planning for neighborhoods to improve well-being (38, 39).

Beyond intergenerational mobility, our study examines two
additional dimensions of inequality. First, we investigate “spa-
tial inequality”—the disparities in income and wealth between
different regions, which have expanded significantly in recent
decades (8, 22, 40). While concentrated economic activity might
intuitively seem to enhance local economic opportunity and in-
tergenerational mobility, this relationship may not hold if urban
economic development increases local income inequality. Thus,
our second additional focus is on changes in income and wealth
inequality within regions, which researchers link to negative out-
comes such as decreased support for public goods and lower
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Fig. 1. A scatterplot showing the relationship between the natural log of
the share of the county that was developed in 1990 and the county
intergenerational mobility level for the 1978-1983 birth cohorts, based on
2014-2015 income attainment. Points are colored according to the
population density of the county, with darker shades corresponding to
higher density and lighter shades indicating lower density. Labels are
added for descriptive purposes. The Spearman correlation coefficient (r)
between these two variables is —0.26.

intergenerational mobility (13, 27, 41). Analyzing economic in-
equality both within and between regions provides valuable con-
text for understanding shifts in intergenerational mobility rates.

Theory on inequality and intergenerational
mobility

Research on intergenerational mobility has traditionally been
concerned with either societal-scale forces such as industrializa-
tion (42, 43) or microscale dynamics like the transmission of re-
sources within families across generations (44). In this work,
local contexts (places, communities, and regions) have been rele-
gated to being marginal background considerations in the social
stratification process (45). However, research in the last decade
has now foregrounded these contextual effects. The mesoscale
of analysis is particularly pertinent given high variability in how
communities support skill development in childhood (labor sup-
ply), the local availability of jobs across space (labor demand),
and the implications of spatial mismatch in the supply and de-
mand side for upward mobility.

The recent local turn in the field has been fueled by findings of
substantial regional disparities in life chances within the United
States. Evidence increasingly suggests that the lifetime economic
and educational attainment of children from otherwise similar
backgrounds depends heavily on where they spend their child-
hoods (46). Studies based on the analysis of millions of children
from lower income households document that disparities in out-
comes between US cities are larger than between any pair of coun-
tries for which we have reliable data (13). The effects of places on
children also appear to vary over time depending on how local
conditions change (47). These effects of local context are particu-
larly significant for children from poorer backgrounds, who are
particularly vulnerable to family instability, concentrated
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poverty, racial segregation, school quality, and curtailed inter-
action within social networks that may otherwise positively sup-
port development of aspirations, social mimicking, and role
modeling (15-17, 48).

An important nuance in these findings is that the places that
best support children’s upward mobility are often not those with
the most dynamic economies. In fact, many of the regions
with the highest rates of upward mobility tend to be in places
with high rates of outmigration and low levels of urbanization
(e.g. rural Iowa and Minnesota) (30). It may first appear counter-
intuitive that places with high-wage labor markets often exhibit
low rates of intergenerational mobility, but it is less surprising
when considering that what matters most are the early-life condi-
tions that support childhood development (46, 49). It follows that
early-life conditions play a critical role in later outcomes, and the
conditions that support industrial development need not necessar-
ily be conducive to the development of skills early in life.

This raises critical questions about our general expectations re-
garding how the physical size and structure of urban regions af-
fect children’s outcomes. While economic activity tends to be
overwhelmingly concentrated in large cities (3), urban size is
closely tied to widening income inequality (50), higher residential
segregation (51), and an intensification of neighborhood effects on
inequality and child development outcomes (11). There is also
substantial variance in the size and structure of urban and rural
regions in the United States (1, 52), and we know relatively little
about how these contexts might differentially structure social
interaction, economic inequality, and intergenerational mobility.

The concept of urban sprawl is pertinent here. In the popular
view, sprawled urban regions are expansive, low-density regions,
where residents are dependent on cars and face long commutes,
potentially leading to reduced life satisfaction (53). Yet, urban
sprawl has proved to be quite difficult to measure (54, 55). This
is because, in reality, some of the most compact major urban re-
gions have long average commute times and low accessibility,
while some of the most sprawled exhibit high population density
and greater accessibility (34). In this paper, we do not attempt to
explicitly operationalize the concept of sprawl (32, 34, 56) but ra-
ther to describe how general patterns of urban expansion relate
to intergenerational mobility over long periods of time, with po-
tential implications for sprawling and densifying cities.

Figure 2 details the conceptual structure that underlies our
work. We are concerned with the urban expansion of US counties
across the period from the early and late 20th century, the most
pronounced period of urbanization in US history (Fig. 2A).
Urbanization was achieved through major transformations of
the landscape and has given rise to a wide variety of urban forms,
with implications for social and economic outcomes (Fig. 2B).
Counties are important units for studying these processes be-
cause they are relatively consistent over time, and many health-
and poverty-related programs are administered at that scale.

We derive three measures of urban expansion in 1920 and 1990.
The firstis the share of the total area of a county landscape thatis
occupied by urban land (“size”). The size of urban development is
arguably the most basic indicator of expansion and has previously
been shown to be a strong proxy for metropolitan population
counts over the 20th century (52). Previous work also shows that
the sprawling and car-dependent urban regions of the Sunbelt ex-
hibited the largest growth in total area in the post-war period (1).
Importantly, because our measures rely on a generalization of the
county boundaries (see Materials and methods), our estimate of
size or share of urban development is not seriously affected by ir-
regularities in county boundaries.

The second feature of interest is the population density of the
county, which is calculated from the ratio of the census-
enumerated population relative to the total land area of the
county (“density”). Density is an important variable, as it is one
of the most widely used indicators of economic productivity and
opportunity, and the so-called urban wage premium (4).
Furthermore, density is strongly linked to high rents and a lack
of affordable housing for individuals with low incomes (57) and
is currently at the center of a contentious debate on the regulation
of zoning and urban development (58, 59).

Finally, we measure the cohesion of the urban landscape (“con-
nectedness”). This measure is derived based on the degree to
which pixel-based representations of urban land within a county
are connected through adjacency. In other words, the degree to
which the urban area and associated places within a county are
contiguously connected as opposed to fragmented. The connect-
edness of streets and populations is increasingly an issue of con-
cern (54). This is because expanding cities are understood to fuel
segregation, limiting interaction across social groups (60), particu-
larly as segregated neighborhoods are divided by physical barriers
in the landscape such as rivers (41). Rising connectivity also oc-
curs as expanding urban agglomerations annex and incorporate
smaller settlements.

These metrics were calculated for the developed areas in all
counties in 1920 and 1990. These years align with the main expos-
ure periods for the cohorts used to construct the intergenerational
mobility estimates (see below). We do not form strong hypotheses
regarding their influence on intergenerational mobility, but we
note that these characteristics are only moderately correlated
across the full distribution of counties.

Our goal is to assess how growing up in a county with a given
urban form, as indicated by our three variables, affects adult in-
come attainment for children from lower income backgrounds
(Fig. 2C). We measure intergenerational mobility by integrating
two main data sources. The first measures the 2014-2015 income
attainment of over 20 million adult children from the 1978-1983
birth cohorts from Opportunity Insights, derived from deidentified
IRS tax records, and weighted according to the child’s length of ex-
posure to their childhood county in the 1990s (14). We comple-
ment these data with our newly constructed database
measuring the intergenerational mobility of the 1904-1916 birth
cohorts based on their 1920 childhood location and their 1950 in-
come attainment (see Table S2 for discussion of age profile differ-
ences). We describe the characteristics of these samples in the
Appendix S1.

From these data sources, we follow the standard practice in the
literature and derive county-level estimates of the average adult
income attainment of children growing up in households at the
25th percentile of the national income distribution for the early
and late 20th century (13). The 25th percentile of annual income
refers to ~$27,000 in 2015 inflation-adjusted dollars. We measure
the income positions of parents and children based on the per-
centile rank within the national income distribution in order to
generate estimates that are robust to outliers and lifecycle biases
(14). The coefficients from our analysis can be interpreted as esti-
mates of how urban expansion (measured through changes in
size, density, and connectedness at the county level) affects the
income ranks of children from families at the 25th percentile of
the national income distribution.

Our analysis includes several other independent and depend-
ent variables of interest, including many variables capturing fea-
tures that could confound the relationship between urban
expansion and intergenerational mobility. In terms of additional
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Fig. 2. A figure detailing the three key processes of interest under investigation in this paper. A) The general pattern of increasing urban land or “urban
expansion” across the United States between 1920 and 1990. B) A visualization of our three urban spatial configuration metrics of interest: (1) the size of
urban area (% developed); (2) the connectedness of the urban landscape; and (3) the population density. B1 shows the developed area for Los Angeles
County, CA, a county that scores high in terms of share developed. B2 shows the developed area for Wright County, MN, an area that scores low in terms
of connectedness. B3 shows New York County, one of the counties with the highest population density. C) The intergenerational transition of
socioeconomic status (SES) from parents to children, the process on which we hypothesize urban expansion to intervene.

outcomes, we include state-of-the-art place-based measures of
wealth and income inequality (21) and social capital. Existing evi-
dence suggests that social capital is weakened by urban sprawl
(26, 27), making it an important potential mediator through which
urban expansion may affect intergenerational mobility (15, 30).
Note that we do not make any causal claims regarding the rela-
tionship between urban expansion and average income and
wealth levels, as urban change is partly driven by local economic
development, which also spurs urbanization.

Results

Long-term patterns

We begin by describing long-term patterns of urban expansion
and intergenerational mobility rates. Figure 3A presents our new

estimates of intergenerational mobility for the early 20th century.
These estimates provide an update on those produced previously
for the 1920-1940 period (47).

In the early 20th century, intergenerational mobility rates had
a strongly identifiable regional geography. Levels of upward in-
come mobility were low throughout the South, the Mid-Atlantic,
and in West Texas and New Mexico. Children from poorer house-
holds reached higher income levels when growing up in the coast-
al areas of the Northeast and the Pacific states and throughout the
Midwest, Great Plains, and the Mountain regions.

Figure 3B shows that these patterns have some concordance
with the geography of urban development in 1920. In the early
20th century, urban development was concentrated in the
Northeast, the Midwest, and in smaller pockets along the West
Coast around the quickly developing cities of Los Angeles and
San Francisco. Although high rates of upward mobility in the
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Fig. 3. Maps of intergenerational mobility and urban expansion, early and late 20th century. A figure of four maps showing long-term patterns of
intergenerational mobility (“upward mobility”) and developed areas in the early and late 20th century. A) Estimates of average adult personal income
attainment of children born into households at 25th percentile of the national income distribution for the birth cohorts from 1904 to 1916 where income
attainment is observed in 1950. B) 1 km x 1 km pixels of urban developed areas in 1990 from the HISLAND-US database. C) Estimated average adult
personal income attainment of children born into households at 25th percentile of the national income distribution for the birth cohorts from 1978 to
1983, where income attainment is observed in 2014-2015. D) 1 km x 1 km pixels of urban developed area in 1920 from the HISLAND-US database. For A
and C, darker shades indicate childhood locations that are associated with higher income attainment among children from poorer backgrounds, while

lighter shades imply lower levels of upward income mobility.

Great Plains and Mountain states are not consistent with the pat-
tern of urbanization, earlier studies have shown these regions to
be both relatively supportive of child development and character-
ized by high rates of migration to larger metropolitan areas (47, 61,
62).

Figure 3C and D presents the corresponding patterns for the
1978-2015 period. In the late 20th century, there is evidence of
both spatial change and stability in intergenerational mobility
rates in comparison to the early 20th century. While states in
the central and northern regions exhibit rising upward mobility
rates relative to the rest of the country, much of the South contin-
ues to perform poorly. The geography of intergenerational in-
equality therefore exhibits some degree of persistence over time.
The persistent geographic patterns in intergenerational mobility
rates, especially the South’s lower mobility, reflect the region’s
historical legacy of racial inequality (47, 61)—from slavery
through subsequent forms of institutionalized discrimination.

There is also evidence of considerable change over time. In this
later period, the geography of urban development is much less
synchronous with intergenerational mobility. Despite significant
urban expansion in the South and along the Pacific coast
(Fig. 3D), these regions exhibit low and more mixed intergenera-
tional mobility outcomes, respectively. Moreover, traditionally in-
dustrial states of the Midwest—Michigan, Ohio, Illinois, and

Indiana—exhibit low levels of intergenerational mobility, despite
significant urbanization over the study period. These latter pat-
terns are linked in part to the shock to US manufacturing over re-
cent decades (63), but may also be affected by cross-regional
differences in urban expansion.

Figure 3C further illustrates that some of the strongest per-
forming regions in terms of intergenerational mobility are also
some of the least urbanized, a phenomenon referred to as the “ru-
ral advantage” in intergenerational mobility (30). The fact that
some of these more rural states have exhibited high levels of inter-
generational mobility over the century (e.g. the Upper Midwest,
Utah) may point to more time-invariant and latent place-based
advantages with respect to intergenerational mobility (62). The
more germane point, however, is the decoupling of urban develop-
ment and intergenerational mobility over the 20th century.

Panel analysis: main estimates

This section presents the estimates from our preferred regression
specification. We stack our county-level observations from the
early and late 20th century and estimate how physical urban ex-
pansion over the study period is related to changes in intergenera-
tional mobility. These models include two-way fixed effects and
adjust for a variety of time-varying county characteristics as
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Fig. 4. Estimates from a spatial panel error model linking urban expansion to intergenerational mobility. The spatial panel error model adjusts for spatial
and temporal autocorrelation in the error terms of the regression model. These estimates are derived from a dataset of 2,347 stacked county-level
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incorporate the periods from 1904-1950 and 1978-2015, respectively. Models are estimated with two-way fixed effects for period and county.
Time-varying control variables include the share of single-parent households in a county, the foreign-born population, the share employed in
manufacturing, the Black population, mean household income per capita, and the Gini coefficient for mean household income. The independent and
dependent variables are standardized to have a mean of 0 and an SD of 1 across the study period.

well as spatially autocorrelated errors. The beta coefficients in
Fig. 4 describe how an SDincrease in one of the three urban expan-
sion characteristics relates to corresponding changes in intergen-
erational mobility.

Across all three of our variables of interest—urban size, dens-
ity, and connectedness—we observe strong and statistically sig-
nificant relationships. Most notably, increases in population
density are associated with significant reductions in intergenera-
tional mobility. A one SD increase in the natural log of population
density is associated with almost a half SD reduction in intergen-
erational mobility. The size of urban expansion within the county
is also negatively associated with intergenerational mobility, but
to a much more modest degree.

There is a small positive relationship between the connected-
ness of the urban area and intergenerational mobility. A one SD
increase in connectedness is associated with an increase of 0.12
SDs in the intergenerational mobility level of a county. In terms
of our preferred intergenerational mobility metric, this corre-
sponds to an average increase of 1.6 income ranks within the na-
tional distribution for the low-income population of a county. This
finding implies that counties where the urban landscape has
become more connected over time have experienced average
increases in intergenerational mobility outcomes.

Although our initial estimates suggest that expansions in ur-
ban size and densification are associated with unfavorable
changes in intergenerational mobility, this relationship may also
depend on a county’s preexisting level of development. We ad-
dress this question in Fig. 5 by interacting the urban expansion

characteristics with the initial development level in the 1920
base period.

We find that changes in urban size matter most when the county
is already developed. The continued expansion of already urban-
ized counties is associated with lower rates of intergenerational
mobility, a pattern consistent with the suburbanization and sprawl
of many northermn cities. These patterns are also consistent with evi-
dence of negative externalities to growth in places where the hous-
ing supply has become inelastic and residents less mobile (64).
Conversely, when counties with little prior urban development in-
crease in size, intergenerational mobility tends to rise.

For connectedness, we observe positive associations for counties
irrespective of their initial development level. However, the effect of
connectedness appears to be particularly strong for counties that
have existing urban settlements, suggesting positive returns to ur-
ban infill and spatial integration rather than spatial separation. In
terms of density, we observe the most negative relationships for
counties that were mostly rural in the early 20th century, indicating
that newly emerging urban settlements are linked to reduced up-
ward mobility.

Period-specific analyses

Have urban regions become less economically inclusive and more
unequal since the early twentieth century? We address this ques-
tion by examining variability in the relationship between urban
expansion and intergenerational mobility over time, as well as
the extent to which urban expansion is predictive of other
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1978-2015, respectively. Models are estimated with two-way fixed effects for period and county. Time-varying control variables include the share of
single-parent households in a county, the foreign-born population, the share employed in manufacturing, the Black population, mean household income
per capita, and the Gini coefficient for mean household income. The independent and dependent variables are standardized to have a mean of 0 and an

SD of 1 across the study period.

indicators of prosperity and inequality. In the results that follow,
we demonstrate that large cities consistently exhibit high average
levels of income and wealth but perform increasingly poorly with
respect to intergenerational mobility.

Figure 6A presents period-specific estimates of the relation-
ships between urban expansion and intergenerational mobility,
as well as social capital. Social capital is measured as the average
probability for a county that a person’s friends are also friends
with each other, as observed from 21 billion Facebook friendship
ties (15). While our preferred social capital variable is measured
in 2022, our results are consistent when we use other widely
used measures from 1990 (Appendix S3) (65).

For the contemporary period, we observe that size, density, and
connectedness are all negatively associated with both intergen-
erational mobility and social capital. Urban expansion appears
to be particularly detrimental for social capital as defined by indi-
cators of community and civic engagement, membership in local
organizations, altruism, and the density of friendship networks
(Appendix S3). While it may be surprising that greater urban con-
nectedness is linked to reduced social mobility, these patterns are
consistent with the view that expanding and densifying cities
weaken community interactions, potentially limitingintergenera-
tional mobility for youths from lower income backgrounds.

Contrastingly, in the contemporary period we observe a differ-
ent set of relationships between urban expansion and average
household wealth and income levels. The three urban expansion
indicators in 1990 positively predict income and wealth levels in

the year 2000 (Fig. 6B). The contemporary period is therefore char-
acterized by positive associations between urban spatial develop-
ment and income and wealth levels but a negative relationship for
intergenerational mobility.

This polarized pattern is not observed in the early 20th century.
In the past, all three measures of urban expansion were positively
associated with both intergenerational mobility (Fig. 6A) and aver-
ageincome levels (Fig. 6B). The absence of reliable data on person-
al assets and debts in the early 20th century means that we cannot
make historical comparisons in terms of wealth. However, we sus-
pect that the same patterns would extend to wealth.

Finally, we turn to the Gini coefficients for income and wealth
inequality. Here, we see again a polarized relationship over time
(Fig. 6C). For the early 20th century, income inequality tends to
be lower in more urban places but this relationship reversed in
the late 20th century. In the latter period, urban development is
positively associated with both income and wealth inequality at
the county level.

Taken together, these time-varying associations tell a powerful
story with respect to urban expansion and various forms of in-
equality and prosperity. In the early 20th century, more developed
regions tended to have higher average incomes, higher rates of in-
tergenerational mobility and lower levels of income inequality. In
broad terms, urbanization was delivering, to some extent, on in-
clusive economic development.

Things changed, however, in the second half of the 20th century.
Major urban regions continued to generate and even expand their
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Fig. 6. Period-specific estimates from a spatial autoregressive model
linking urban expansion to three outcome variables: A) intergenerational
mobility (IG mobility) and social capital, as defined based on the average
of a person’s friends who are also friends with each other (social

cap. 2022); B) mean household income (mean income); mean household
wealth (mean wealth); C) the Gini coefficient for mean household income
(Giniincome) and mean household wealth (Gini wealth). The label “1980-
15" refers to the period from 1980 to 2015. Due to data availability, we only
model social capital and wealth for the contemporary period. The wealth
data were obtained from the GEOWEALTH-US compendium. The data on
social capital were downloaded from Opportunity Insights. Control
variables include the share of single-parent households in a county, the
foreign-born population share, the share employed in manufacturing, the
Black population share, mean household income per capita, and the Gini
coefficient for mean household income. The latter two control variables
are not included when analyzing wealth or income levels or Gini
coefficients. The independent and dependent variables are standardized
to have a mean of 0 and an SD of 1 for each specific study period.

advantage in terms of income and wealth levels, reflecting the
growing prominence of major cities in the contemporary economic
landscape (8). At the same time, they fared increasingly poorly in
terms of intergenerational mobility for the children growing up in
those counties. Unfavorable urban inequality and intergenerational
mobility outcomes align with the fracturing of social capital and
community life in many of these urban regions. These patterns
are consistent with an interpretation that contemporary urban re-
gions support industrial growth (i.e. jobs) but are less favorable for
the development of human capital among children from disadvan-
taged backgrounds. Our findings therefore point to a sea change in
the nature of urban expansion and its relationship to intergenera-
tional inequality over the 20th century.

Mechanisms and heterogeneity

The relationship between urban expansion and intergenerational
mobility is likely mediated by a large number of local economic
and sociocultural influences. In particular, urban form likely mat-
ters for intergenerational mobility as a result of its influence on
neighborhood and segregation effects (11), as well as the

constraints it places on housing markets (66). While we do not
conclusively identify these mechanisms here, we do provide an
exploratory analysis of these relationships in Appendix S3.
Using the data from the contemporary period, we model the rela-
tionship between urban expansion and a large set of covariates,
conditional on state-level fixed effects.

Unsurprisingly, urban size is strongly predictive of indicators of
economic development (Tables S4-S6). Larger size and higher con-
nectedness are associated with higher average income levels and
lower poverty rates, and also less affordable home prices and
rents. In contrast to other recent work (64), population density is
weakly related to housing costs but is strongly positively associ-
ated with income inequality and poverty rates. Density is also pre-
dictive of many social challenges faced by lower income urban
communities, including violent crime, family instability, lower
levels of high school funding and completion, longer commutes,
and higher levels of racial segregation. Of particular note, density
is also associated with reduced social capital, as measured by
friendship connections among children from different economic
backgrounds (“economic connectedness”; Table S6). This is par-
ticularly noteworthy given evidence from Raj Chetty and collabo-
rators (15, 67) demonstrating a strong positive link between
economic connectedness and upward mobility.

All of the variables discussed above are notable because of their
causal connection to intergenerational mobility, in directions con-
sistent with our findings for urban expansion. For example, urban
size and density are predictive of racial segregation, and segrega-
tion has been shown to curtail intergenerational mobility (16). Our
descriptive analysis thus suggests that recent urban development
trends have amplified many of the known determinants of inter-
generational mobility.

Using tract-level data, we also demonstrate that population-
dense urban regions show greater variation in neighborhood
intergenerational mobility rates, indicating that density is associ-
ated with increased neighborhood stratification (Table S7). The
negative effects associated with density are only statistically sig-
nificant in neighborhoods characterized by higher poverty rates
and Black population shares (Table S13). In contrast, we observe
no relationship between density and intergenerational mobility
in tracts with low poverty rates or low Black population shares.
These findings strongly suggest that the negative effects under-
lying urban expansion operate through an intensification of local-
ized neighborhood effects on socially and economically
marginalized populations. That is, the neighborhood structures
of big cities are more internally polarized, leading to greater in-
equality in intergenerational mobility.

We conclude our analysis by testing for heterogeneity across
notable subgroups in the population. Consistent with recent find-
ings of sex-based variability along the rural-urban continuum (30,
68), the negative implications of density appear to be particularly
pronounced among White males from lower income back-
grounds, who may be more sensitive to household instability.
We observe contrasting relationships for women from lower in-
come backgrounds, who experience more upward mobility and
lower rates of teen pregnancy in more urban contexts.

Finally, we examine differences in the outcomes of children
who left or stayed in their home commuting zones. Children
from lower income households are more likely to stay in commut-
ing zones with high levels of population density, size, and con-
nectedness. We also find income benefits associated with
migration away from areas with high population density, but
this appears to be heavily driven by the low-income attainment
of individuals who stay in their home areas. Lower income
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children from urban neighborhoods may therefore be disadvan-
taged by being more “stuck in place” than their counterparts else-
where (69).

Discussion

The last decade of research on intergenerational mobility and
equality of opportunity has yielded two major findings. First, the
United States is now no longer an exceptional society in facilitat-
ing upward mobility for children from lower income backgrounds
(19, 20, 70). Second, childhood location matters much more for up-
ward mobility than previously believed (13, 14). In fact, one’s place
of childhood appears to have increased in importance over time,
as economic success has come to depend more on the acquisition
of education and skills rather than proximity to jobs (47, 61). The
logical extension from these findings is that if we can determine
the formula for what kinds of childhood locations promote inter-
generational mobility, we will be more empowered to improve
outcomes at both a local and national level.

This paper addresses an important topic at the intersection of
these findings: the impact of long-term urban expansion on inter-
generational mobility outcomes. While there has been much
examination of the social, economic, and political determinants
of intergenerational mobility, far less attention has been devoted
to the physical dimensions of urban environments. The leading
studies in this area have been principally concerned with deter-
mining whether intergenerational mobility is lower in more
sprawled urban regions (32-34).

While the current literature indicates that more compact and
less sprawled development may be conducive to intergeneration-
al mobility (71), the cross-sectional nature of the data used in such
studies makes it difficult to rule out alternate explanations for
these patterns. For example, we cannot be confident that low
rates of intergenerational mobility in an urban region like
Atlanta are due to urban expansion as opposed to other character-
istics of the region that are difficult to measure. We contribute to
these efforts by studying these dynamics over a long period of
time, a critical step in explaining how urban expansion affects
equality of opportunity. Implemented correctly, a longer term ap-
proach provides value for identifying how a region’s changing
physical population structure relates to its capacity to generate
intergenerational mobility.

We provide two new findings of note. First, increases in the size
and population density of urban land within counties have poten-
tially contributed to reduced rates of upward mobility among chil-
dren from disadvantaged backgrounds over the 20th century.
These same characteristics are, however, associated with rising
average levels of income and wealth, meaning that urban expan-
sion has likely been positive in terms of overall economic growth
but less favorable for equality of opportunity. This is due, in part,
to the intensification of neighborhood stratification and its effects
on children from economically insecure households, particularly
boys. The corollary is that smaller scale urban communities ap-
pear to be more conducive to intergenerational mobility. The se-
cond finding is that this duality is a recent phenomenon: highly
developed counties in the past exhibited both economic prosper-
ity and equality of opportunity, suggesting a sea change in the na-
ture of urban inequality over the 20th century. This pattern is
consistent with the observation that big cities have become in-
creasingly favorable for individuals with high levels of education
and economic resources (72, 73).

What accounts for these patterns? Although many explana-
tions have already been advanced (11, 74, 75), the political

scientist Robert Putnam highlighted one particularly plausible
pathway. In Bowling Alone, Putnam argued that automobile-based
urban sprawl has particularly deleterious social effects because it
weakens community engagement and social infrastructure, exac-
erbates segregation, and, through increased commute times, re-
duces the amount of time that people can spend with children,
friends, and neighbors (27). Adjacent work on the endurance of ur-
ban “neighborhood effects” points to related effects in reducing
collective efficacy and exacerbating racial inequality (11).
Contemporary urban expansion is therefore synonymous, directly
and indirectly, with many of the known causal determinants of in-
tergenerational mobility (15, 16). However, these urban conditions
have notjust been confined to the archetypical car-dependent cit-
ies of the Sunbelt, but increasingly characterize the poorer neigh-
borhoods populating many of America’s largest urban regions.

Furthermore, the contemporary, knowledge-based economy
values skills and education to a much greater extent than the
manufacturing-based economy of the past (23, 76). As a result,
early inputs for children’s development of skills and aspirations
have never mattered more (47, 61). In fact, prior evidence suggests
that areas with higher rates of intergenerational mobility have
lower salaries conditional on skill (16). This finding is in line
with counterintuitive observations that many regions with slug-
gish economies (e.g. rural regions) manage to generate high rates
of upward mobility, perhaps by creating supportive childhood
contexts for aspiration and skill development (30). Thus, the nega-
tive effects associated with urban expansion on intergenerational
mobility likely reflect a mixture of negative effects of urban ex-
pansion and its associated neighborhood effects on child develop-
ment, as well as the growing importance of skills in today’s
knowledge-based economy.

Our findings complement, rather than supplant, existing ex-
planations for change and stability in the geography of intergen-
erational mobility in the United States. Prior research has
established how the legacies of ethnic settlement patterns, slav-
ery, and structural racism continue to shape mobility patterns,
particularly in the South (62, 77) and in areas where there is
underinvestment in public goods (41). Relatedly, the nation’s
changing industrial structure has enhanced opportunities in re-
gions supporting educational advancement while reducing them
in former manufacturing centers (47). While accounting for these
established factors, our analysis identifies urban expansion as an
additional significant force shaping the long-term geography of
intergenerational mobility in the United States. It follows that
the growth of highly stratified and segregated cities have contrib-
uted to the nation’s less than desirable levels of social mobility
and equality of opportunity.

Our efforts highlight the potential for historical analysis to enrich
our understanding of urban systems more generally. There is an ac-
tive effort among social scientists to establish regularities between
city size and a range of human outcomes and activities (73, 78),
sometimes leading to a view that large cities can be understood as
scaled-up versions of small cities. There is, however, a growing rec-
ognition of the importance of historical path dependence and major
technological shifts in structuring these relationships (22, 79, 80).
Given its dependence on local sociocultural contexts, intergenera-
tional mobility is one such process that is likely to defy simple size-
based characterization. There is no neccessary reason why big cities
should limit economic opportunity for vulnerable children. Rather,
what matters is how we organize communities and neighborhoods
within these regions and how we distribute resources across them.

With the growing availability of historical and contemporary
land use data and linked census and population records, these
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and many other problems related to social inequality and human
development can now be investigated (81-86). By studying cities
through time, we can better understand the mechanisms through
which urban space affects intergenerational mobility and in-
equality, as well as how to potentially attenuate such effects
through policy and planning.

Finally, our work holds important implications for urban sus-
tainability science, an area where the science of social and spatial
inequality has yet to receive sufficient attention (7, 37). An urban
science that addresses these topics is greatly needed, particularly
as policymakers are actively considering how they can shape ur-
ban landscapes in ways that will generate equitable and sustain-
able outcomes. Here, we have laid out an approach that harnesses
advances from the social sciences alongside satellite imagery-
based spatial pattern analysis to study urban expansion, inequal-
ity, and equality of opportunity from a long-term perspective.
When it comes to both the science and planning of cities, we con-
tend that a long-term perspective is necessary to understand how
places change human outcomes, within and across generations.

Materials and methods

Landscape analysis

Our calculations of urban expansion are executed based on high-
resolution geospatial data on long-term historical changes in land
use and land cover (LULC). The history of LULC for the contermin-
ous United States (HISLAND-US) database provides annual LULC
data at 1-km spatial resolution from 1630 to 2020 (87).
HISLAND-US was constructed with multi-source data inputs, in-
cluding historical census data, forestry, agriculture and building
records, and high-resolution remote sensing LULC images (81,
88). For our analysis, we extract the “urban” LULC class from the
underlying raster database.

We use landscape composition and configuration metrics to
describe urban expansion within counties (89-91). To address
challenges inherent to studying urban expansion over time, we
projected a buffer with a 50-km radius around the urbanized
core of each county (circa 1900), which we refer to as “county buf-
fers.” By studying development with these consistent buffers, we
eliminate biases introduced through the different shapes and
sizes of official US county boundaries. This approach also avoids
the structural biases introduced by city clustering algorithms
that rely on the connectivity of built-up areas to establish urban
growth boundaries (92). We adjust for natural constraints on local
development during estimation by adjusting for the share over the
area of the county buffer that comprises water bodies or steep
slopes (>15°) (66).

The metric computations for connectedness were performed at
the class level (i.e. urbanized land), using an eight-neighbor con-
ceptualization of connectivity and a parallel-computing pipeline
to improve efficiency. For urbanized land within each buffer, the
connectedness measure was calculated using the “Cohesion” met-
ric and implemented using the landscapemetrics package in R (90,
91). For each countyj in period t, the Cohesion metricis defined as:

. 1Dy 1\7!
Cohesion; =1- [ —=—=""2 | x (1 - —) x 100 1
Jt (Z?:l pij aij \/Z ( )

where pj; is the perimeter in meters of urban class i within the buf-
fer of county j, a; is the area of urban class j in square meters, and
Z is the number of cells in the county buffer. Patch cohesion in-
creases as urban land becomes more clumped, aggregated, and
more physically connected in its distribution. For interpretation,

Cohesion approaches 0 as the proportion of the landscape com-
prised of the focal class decreases, resulting in an increasingly
subdivided and less physically connected landscape. A known is-
sue exists in which cohesion metrics are of limited insight beyond
a particular level of development (“percolation threshold”) (93).
This is not a major concern here, as only 14 of our counties exceed
the 59% threshold.
The size measure is calculated as:

Urbanj;

Urban size; =
7 (Urbanj, + Nonurbanj,)

(2)

where the urban size of countyj in period tis calculated by the to-
tal urban land within the county buffer over the sum of total land
(urban and nonurban) within the buffer. Urban size is thus meas-
ured as a proportion with a potential minimum value of 0 and a
maximum value of 1.

Density is calculated as:

Population j;

Density, = Area,

3)
where population refers to the total population of county j in peri-
od t, as measured from the censuses of 1920 and 2000. Note that
unlike in the equations above, area and population in Eq. 3 are
measured based on the officially defined county boundaries and
not the county buffers. We do this here because total population
is not observed for the area covered by the buffer.

Intergenerational mobility data

Estimation of intergenerational mobility rates with low bias re-
quires longitudinal intergenerational observations on parents
and children. This allows us to infer location based on place of
childhood, reducing concerns that individuals systematically
sort across counties based on personality characteristics.
Although parents may sort in ways that could influence intergen-
erational mobility, causal validation of the data suggests that this
is of minor concern to the estimates used here (14).

Our intergenerational mobility estimates are based on the inte-
gration of two new databases. The first is a database of county-
level intergenerational mobility estimates for the early 20th cen-
tury (1904-1950) and late 20th century (1978-2015), the latter of
which were extracted from Opportunity Insights (14). The data
on wealth levels were obtained from the GEOWEALTH-US com-
pendium (21) and the social capital data were accessed through
Opportunity Insights (14). We generated the early 20th century es-
timates by constructing a new sample of 416,481 linked fathers
and sons as observed in the historical full count census data for
1920 and the recently released 1950 full count census from
IPUMS (Appendix S1). These data are published as part of a collab-
oration between Ancestry.com and the Minnesota Population
Center (94).

We constructed our linked sample between the 1920 and 1950
census using the Multigenerational Longitudinal Panel (MLP)
crosswalks (82). While all linkage algorithms face trade-offs re-
garding representativeness and accuracy (95, 96), we use the
MLP because it has low rates of false positives, a known challenge
in historical census linkage (97, 98). Our primary unit of analysis
forintergenerational mobility is based on 2010 county boundaries.
We describe our strategy for harmonizing historical and contem-
porary boundaries in Appendix S2. Further, as income is not ob-
served directly in the 1920 census, we imputed “income scores”
based on 1950 data (Appendix S1).
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Ideally, our analysis would focus on individual rather than
county-level observations. This would increase the power of the
analysis and allow detailed decomposition of the population.
This is unfortunately not possible because the individual-level
data for the contemporary context are subject to strong privacy
restrictions. As such, we focus our investigation on county-level
aggregates across the study period and, where useful, draw on
group-specific county-level estimates of intergenerational mobil-
ity by gender, race, etc.

Estimation strategy

Our regression analysis is based on a series of spatial panel error
and spatial autoregressive models estimated using the spdep pack-
agein R (99). We use these models to adjust for spatial dependence
and bias in the data (100). Econometricians have recently docu-
mented inflated t statistics in long-term spatial analyses of per-
sistence (101). In our case, there is an explicit form of spatial
dependence in that nearby counties interact directly with one an-
other through their shared landscapes. To address this problem,
we needed to specify the spatial relationships between counties
through a spatial weights matrix (Appendix S2).

We estimate the following spatial panel regression models with
two-way fixed effects for period and county (102):

Yje = XjB + a5 + A + &t 4

ejt =pWej + Ujt (5)

where the dependent variable Y is the intergenerational mobility
level of county j in period t. X}; is a vector of explanatory variables
including our landscape metrics (size, connectedness, and dens-
ity) and g refers to the corresponding coefficients. 4 is the fixed ef-
fect for county j and /4 is the fixed effect for period t. ¢j; is the error
term for county j in period t. In the table and figure notes, we in-
clude the respective control variables for each respective regres-
sion analysis. W refers to the spatial weight matrix and p is the
spatial error coefficient. Our cross-sectional estimates are based
on the more simplified spatial autoregressive (SAR) models. In
Appendix S3, we present robustness tables for alternate specifica-
tions, including adjustments for neighborhood effects or “spatial
lags” in the independent and dependent variables. These adjust-
ments have no meaningful impact on our core results.

Acknowledgments

We extend special thanks to Erik Kimbrough for his work as editor
of our manuscript and to Taylor Jaworski for his guidance and
sage advice. For helpful comments and suggestions, the research
team thanks Leah Boustan, Jeffrey Lin, Billie Lee Turner II, Wenxin
Yang, Aleksander Berg, Hue-Tam Jamme, Deborah Salon, and
seminar participants at the FCK research group at Arizona State
University, the Joint Degree Program in Social Policy at Princeton
University, the Population Studies and Training Center at Brown
University, the annual meeting of the Population Association of
America, and the 2023 meeting of the Network for
Data-Intensive Research on Aging at the Minnesota Population
Center.

Supplementary Material

Supplementary material is available at PNAS Nexus online.

Funding

The authors declare no funding.

Author Contributions

D.S.C.,AF,SX.,]J.,and GJ. conceptualized the study; D.S.C., S.X,,
J.J.,A.F., and P.K. performed the methodology; Y.Y.,D.S.C.,S.X.,] J.,
AF., PXK, TK, and GJ. provided support on data and visuals; all
authors reviewed and edited the paper.

Data Availability

All data and code associated with this manuscript will be made
publicly available at openICPSR.

References

1 Uhl JH, Connor DS, Leyk S, Braswell AE. 2021. A century of de-
coupling size and structure of urban spaces in the United
States. Commun Earth Environ. 2:20.

2 Glaeser E. Triumph of the city: how our greatest invention makes US
richer, smarter, greener, healthier and happier. Pan Macmillan,
2011.

3 Balland P-A, et al. 2020. Complex economic activities concen-
trate in large cities. Nat Hum Behav. 4:248-254.

4 DelaRoca], Puga D. 2017. Learning byworking in big cities. Rev
Econ Stud. 84:106-142.

5 Bettencourt LM, Lobo J, Helbing D, Kithnert C, West GB. 2007.
Growth, innovation, scaling, and the pace of life in cities. Proc
Natl Acad Sci U S A. 104:7301-7306.

6  Florida R. The new urban crisis: gentrification, housing bubbles,
growing inequality, and what we can do about it. Simon and
Schuster, 2017.

7 Sampson RJ. 2017. Urban sustainability in an age of enduring
inequalities: advancing theory and ecometrics for the
21%-century city. Proc Natl Acad Sci U S A. 114:8957-8962.

8  Kemeny T, Storper M. 2024. The changing shape of spatial
inequality in the United States. Econ Geogr. 100(1):1-30.

9  Pandey B, Brelsford C, Seto KC. 2022. Infrastructure inequality is
a characteristic of urbanization. Proc Natl Acad Sci U S A. 119:
€2119890119.

10 Acuto M, Parnell S, Seto KC. 2018. Building a global urban sci-
ence. Nat Sustain. 1:2-4.

11 Sampson RJ. 2019. Neighbourhood effects and beyond: explain-
ing the paradoxes of inequality in the changing American
metropolis. Urban Stud. 56:3-32.

12 Chetty R. 2021. Improving equality of opportunity: new insights
from big data. Contemp Econ Policy. 39:7-41.

13 Chetty R, Hendren N, Kline P, Saez E. 2014. Where is the land of
opportunity? The geography of intergenerational mobility in
the United States. Q J Econ. 129:1553-1623.

14 Chetty R, Friedman JN, Hendren N, Jones MR, Porter SR. 2018.
The opportunity atlas: mapping the childhood roots of social
mobility. National Bureau of Economic Research, https://doi.org/
10.3386/w25147.

15 Chetty R, et al. 2022. Social capital I: measurement and associa-
tions with economic mobility. Nature. 608:108-121.

16  ChettyR, Hendren N. 2018. The impacts of neighborhoods on in-
tergenerational mobility I: childhood exposure effects. Q J Econ.
133:1107-1162.


http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgae587#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgae587#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgae587#supplementary-data
https://doi.org/10.3386/w25147
https://doi.org/10.3386/w25147

12

| PNAS Nexus, 2025, Vol. 4, No. 2

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Chetty R, Hendren N. 2018. The impacts of neighborhoods on in-
tergenerational mobility II: county-level estimates. QJ Econ. 133:
1163-1228.

Owens A. 2016. Inequality in children’s contexts: income segre-
gation of households with and without children. Am Sociol Rev.
81(3):549-574.

Song X, et al. 2020. Long-term decline in intergenerational mo-
bility in the United States since the 1850s. Proc Natl Acad Sci
USA. 117:251-258.

Chetty R, et al. 2017. The fading American dream: trends in
absolute income mobility since 1940. Science. 356:398-406.
Suss J, Kemeny T, Connor DS. 2024. GEOWEALTH-US: spatial
wealth inequality data for the United States, 1960-2020. Sci
Data. 11:253.

Connor DS, Kemeny T, Storper M. 2023. Frontier workers and
the seedbeds of inequality and prosperity. J Econ Geogr. 24:
393-414.

Goldin C, Katz L. The race between education and technology.
Harvard University Press, 2009.

Dribe M, Helgertz ], Van de Putte B. 2015. Did social mobility in-
crease during the industrialization process? A micro-level study
of a transforming community in southern Sweden 1828-1968.
Res Soc Stratif Mobil. 41:25-39.

Berger T, Engzell P. 2022. Industrial automation and intergen-
erational income mobility in the United States. Soc Sci Res. 104:
102686.

Civelli A, Gaduh A, Rothenberg AD, WangY. 2023. Urban sprawl
and social capital: evidence from Indonesian cities. Econ J. 133:
2110-2146.

Putnam RD. Bowling alone: the collapse and revival of American com-
munity. Simon and Schuster, 2000.

Jacobs]. The death and life of great American cities. Random House,
1961.

Lall S, Lebrand M, Park H, Sturm D, Venables A. Pancakes to pyr-
amids: city form to promote sustainable growth. World Bank, 2021.
Connor DS, Hunter L, Jang J, Uhl J. 2023. Family, community,
and the rural social mobility advantage. Res Soc Stratif Mobil.
87:100844.

Song L. 2024. Does social trust shape the perceived intergenera-
tional social mobility? Cities. 150:105071.

Ewing R, Hamidi S, Grace JB, Wei YD. 2016. Does urban sprawl
hold down upward mobility? Landsc Urban Plan. 148:80-88.

Wei YD, Ewing R. 2018. Urban expansion, sprawl and inequality.
Landscape Urban Plann. 177:259-265. https://doi.org/10.1016/j.
landurbplan.2018.05.021.

Wei YD, Xiong N, Carlston K. 2023. Urban space, sprawl, and
intergenerational mobility. Appl Geogr. 156:102991.

Xiong N, Wei YD, Rey SJ. 2024. Urban sprawl and racial inequal-
ity in intergenerational mobility. J Econ Geogr. 24:309-332.
Carlston K, Wei YD. 2024. Urban sprawl and intergenerational
mobility: city- and neighborhood-level effects of sprawl. Econ
Dev Q. 38:235-248.

Seto KC, GoldenJS, Alberti M, Turner BL. 2017. Sustainability in
an urbanizing planet. Proc Natl Acad Sci U S A. 114:8935-8938.
Pfeiffer D, Cloutier S. 2016. Planning for happy neighborhoods. J
Am Plann Assoc. 82:267-279.

Mouratidis K. 2021. Urban planning and quality of life: a review
of pathways linking the built environment to subjective well-
being. Cities. 115:103229.

Gaubert C, Kline P, Vergara D, Yagan D. 2021. Trends in US spa-
tial inequality: concentrating affluence and a democratization
of poverty. AEA Papers and Proceedings. 111:520-525. https://
doi.org/10.1257/pandp.20211075.

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Trounstine J. 2015. Segregation and inequality in public goods.
Am ] Pol Sci. 60(3):709-725. https://doi.org/10.1111/ajps.12227.
Blau PM, Duncan OD. The American occupational structure. Wiley,
New York, 1967.

Treiman DJ. 1970. Industrialization and social stratification.
Sociol Inq. 40:207-234.

Becker GS, Tomes N. 1979. An equilibrium theory of the distri-
bution of income and intergenerational mobility. J Polit Econ.
87:1153-1189.

Mare RD. 2014. Multigenerational aspects of social stratifica-
tion: issues for further research. Res Soc Stratif Mobil. 35:121-128.
Chetty R, Hendren N, Katz LF. 2016. The effects of exposure to
better neighborhoods on children: new evidence from the mov-
ing to opportunity experiment. Am Econ Rev. 106:855-902.
Connor DS, Storper M. 2020. The changing geography of social
mobility in the United States. Proc Natl Acad Sci U S A. 117:
30309-30317.

Chetty R, Dobbie WS, Goldman B, Porter S, Yang C. 2024.
Changing opportunity: sociological mechanisms underlying
growing class gaps and shrinking race gaps in economic mobil-
ity. National Bureau of Economic Research, https://doi.org/10.3386/
w32697.

Heckman JJ. 2008. Schools, skills, and synapses. Econ Inq. 46:
289-324.

Arvidsson M, Lovsjo N, Keuschnigg M. 2023. Urban scaling laws
arise from within-city inequalities. Nat Hum Behav. 7:365-374.
Farley R, Frey WH. 1994. Changes in the segregation of whites
from blacks during the 1980s: small steps toward a more inte-
grated society. Am Sociol Rev. 59:23-45.

Leyk S, et al. 2020. Two centuries of settlement and urban devel-
opment in the United States. Sci Adv. 6:eaba2937.

Saadaoui R, Salon D, Jamme HT, Corcoran N, Hitzeman J. 2025.
Does car dependence make people unsatisfied with Life?
Evidence from a US National survey. Travel Behav Soc. 39.
Hamidi S, Ewing R. 2014. A longitudinal study of changes in
urban sprawl between 2000 and 2010 in the United States.
Landsc Urban Plan. 128:72-82.

Freeman L. 2001. The effects of sprawl on neighborhood social
ties: an explanatory analysis. ] Am Plann Assoc. 67:69-77.
Barrington-Leigh C, Millard-Ball A. 2015. A century of sprawl in
the United States. Proc Natl Acad Sci U S A. 112:8244-8249.
Hoxie PG, Shoag D, Veuger S. 2023. Moving to density: half a cen-
tury of housing costs and wage premia from queens to King
Salmon. J Public Econ. 222:104906.

Rodriguez-Pose A, Storper M. 2020. Housing, urban growth and
inequalities: the limits to deregulation and upzoning in redu-
cing economic and spatial inequality. Urban Stud. 57:223-248.
Manville M, Lens M, Monkkonen P. 2022. Zoning and affordabil-
ity: a reply to Rodriguez-Pose and Storper. Urban Stud. 59:36-58.
Phillips NE, Levy BL, Sampson RJ, Small ML, Wang RQ. 2021. The
social integration of American cities: network measures of con-
nectedness based on everyday mobility across neighborhoods.
Sociol Methods Res. 50:1110-1149.

Tan HR. 2022. A different land of opportunity: the geography of
intergenerational mobility in the early 20th-century US. ] Labor
Econ. 41:77-102.

Berger T, Engzell P. 2019. American geography of opportunity
reveals European origins. Proc Natl Acad Sci U S A. 116:6045-6050.
Autor D, Dorn D, Hanson G. 2019. When work disappears:
manufacturing decline and the falling marriage market value
of young men. Am Econ Rev Insights. 1:161-178.

Ahlfeldt GM, Pietrostefani E. 2019. The economic effects of
density: a synthesis. ] Urban Econ. 111:93-107.


https://doi.org/10.1016/j.landurbplan.2018.05.021
https://doi.org/10.1016/j.landurbplan.2018.05.021
https://doi.org/10.1257/pandp.20211075
https://doi.org/10.1257/pandp.20211075
https://doi.org/10.1111/ajps.12227
https://doi.org/10.3386/w32697
https://doi.org/10.3386/w32697

Connoretal. | 13

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

Rupasingha A, Goetz S, Freshwater D. 2006. The production of
social capital in US counties. J Socio Econ. 35:83-101.

Saiz A. 2010. The geographic determinants of housing supply. Q
J Econ. 125:1253-1296.

Chetty R, et al. 2022. Social capital II: determinants of economic
connectedness. Nature. 608:122-134.

Connor DS, et al. 2024. Spatial poverty dynamics and social
mobility in rural America. Popul Space Place. 30:2802.

Sharkey P. Stuck in place: urban neighborhoods and the end of pro-
gress toward racial equality. University of Chicago Press, 2013.
Long]J, Ferrie]. 2013. Intergenerational occupational mobility in
Great Britain and the United States since 1850: reply. Am Econ
Rev. 103:2041-2049.

Smith RM, Blizard ZD. 2021. A census tract level analysis of ur-
ban sprawl’s effects on economic mobility in the United States.
Cities. 115:103232.

Glaeser EL, Resseger M, Tobio K. 2009. Inequality in cities. ] Reg
Sci. 49:617-646.

Shutters ST, Applegate JM, Wentz E, Batty M. 2022.
Urbanization favors high wage earners. NPJ Urban Sustain. 2:6.
Wilson WJ. When work disappears: the world of the new urban poor.
Random House LLC, 1996.

Massey DS, Denton NA. American Apartheid: segregation and the
making of the underclass. Harvard University Press, 1993.

Autor D. 2019. Work of the past, work of the future. AEA
Papers and Proceedings; Nashville, TN: American Economic
Association, 1-32.

Berger T. 2018. Places of persistence: slavery and the geography
of intergenerational mobility in the United States. Demography.
55:1547-1565.

Bettencourt LM. 2013. Bettencourt, the origins of scaling in cit-
ies. Science. 340:1438-1441.

Depersin J, Barthelemy M. 2018. From global scaling to the
dynamics of individual cities. Proc Natl Acad Sci U S A. 115:
2317-2322.

Bettencourt LMA. 2020. Urban growth and the emergent statis-
tics of cities. Sci Adv. 6:eaat8312.

UhlJH, et al. 2021. Fine-grained, spatiotemporal datasets meas-
uring 200 years of land development in the United States. Earth
Syst Sci Data. 13:119-153.

Helgertz J, et al. 2022. A new strategy for linking US historical
censuses: a case study for the IPUMS multigenerational longitu-
dinal panel. Hist Methods. 55:12-29.

Ruggles S, et al. 2024. IPUMS USA: Version 15.0 [dataset].
Minneapolis, MN: IPUMS.

Tellman B, Magliocca NR, Turner BL, Verburg PH. 2020.
Understanding the role of illicit transactions in land-change
dynamics. Nat Sustain. 3:175-181.

Tellman B, et al. 2021. Satellite imaging reveals increased pro-
portion of population exposed to floods. Nature. 596:80-86.

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

Leyk S, UhlJ. 2018. HISDAC-US, historical settlement data com-
pilation for the conterminous United States over 200 years. Sci
Data. 5:180175.

Li X, Tian H, Lu C, Pan S. 2023. Four-century history of land
transformation by humans in the United States (1630-2020):
annual and 1 km grid data for the HIStory of LAND changes
(HISLAND-US). Earth Syst Sci Data. 15:1005-1035.

Sohl T, etal. 2016. Modeled historical land use and land cover for
the conterminous United States. J Land Use Sci. 11:476-499.
Frazier A. 2019. Landscape metrics. In: Wilson JP, editors. The
geographic information science & technology body of knowledge. 2nd
ed. Washington, DC: University Consortium for Geographic
Information Science. https://gistbok-topics.ucgis.org/AM-03-
054.

McGarigal K, Marks BJ. 1995. FRAGSTATS: spatial pattern ana-
lysis program for quantifying landscape structure USDA
Forest Service General Technical Report PNW-351. The United
States Department of Agriculture (USDA). https://research.fs.
usda.gov/treesearch/3064.

Hesselbarth MH, Sciaini M, With KA, Wiegand K, Nowosad J.
2019. Landscapemetrics: an open-source R tool to calculate
landscape metrics. Ecography. 42:1648-1657.

Rozenfeld HD, et al. 2008. Laws of population growth. Proc Natl
Acad Sci U S A. 105:18702-18707.

Gustafson EJ. 1998. Quantifyinglandscape spatial pattern: what
is the state of the art? Ecosystems. 1:143-156.

Ruggles S, et al. 2024. IPUMS Ancestry Full Count Data: Version
4.0 [dataset]. Minneapolis, MN: IPUMS.

Abramitzky R, Boustan L, Eriksson K, Feigenbaum J, Pérez S.
2021. Automated linking of historical data.J Econ Lit. 59:865-918.
Antonie L, Inwood K, Minns C, Summerfield F. 2020. Selection
bias encountered in the systematic linking of historical census
records. Soc Sci Hist. 44:555-570.

Bailey M. 2020. How well do automated linking methods per-
form? Lessons from US historical data. ] Econ Lit. 58:997-1044.
Anbinder T, Connor D, Grada CO, Wegge S. 2023. The problem of
false positives in automated census linking: evidence from
nineteenth-century New York’s Irish immigrants. Hist Methods.
56:240-259.

Bivand R, Altman M, Anselin L, Assuncao R, Berke O, et al. 2017.
Package ‘spdep.’ Spatial dependence: weighting schemes, sta-
tistics, R package version 1-1. The Comprehensive R Archive
Network (CRAN).

Anselin L. Spatial econometrics: methods and models. Springer
Science & Business Media, 2013.

Conley T, Kelly M. 2025. The standard errors of persistence. J Int
Econ. 104027. https://doi.org/10.1016/j.jinteco.2024.104027.
Millo G, Piras G. 2012. Splm: spatial panel data modelsin R.] Stat
Softw. 47:1-38.


https://gistbok-topics.ucgis.org/AM-03-054
https://gistbok-topics.ucgis.org/AM-03-054
https://research.fs.usda.gov/treesearch/3064
https://research.fs.usda.gov/treesearch/3064
https://doi.org/10.1016/j.jinteco.2024.104027

	Big cities fuel inequality within and across generations
	Introduction
	Theory on inequality and intergenerational mobility
	Results
	Long-term patterns
	Panel analysis: main estimates
	Period-specific analyses
	Mechanisms and heterogeneity

	Discussion
	Materials and methods
	Landscape analysis
	Intergenerational mobility data
	Estimation strategy

	Acknowledgments
	Supplementary Material
	Funding
	Author Contributions
	Data Availability
	References




