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Abstract

We consider the implications of unifying the distinct literatures on residential sort-
ing and human capital dynamics. We argue that integrating insights from recent
work in both areas has important implications for future research at the intersection
of environmental and urban economics. To focus attention on these implications,
we summarize stylized facts from recent empirical work on residential sorting and
on the effects of exposures to environmental factors on human capital. Then we
outline a simple overlapping generations model that reproduces these stylized facts
and use it to guide our discussion on directions for future research.
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1. Introduction

The quantity and quality of life vary across the United States. For example, life
expectancy at birth differs by as much as 20 years between US counties (Dwyer-
Lindgren et al. 2017). Spatial variation in life expectancy is correlated with spatial
variation in housing prices, environmental quality, and measures of human capital
such as income, education, and health (Bishop et al. 2023a). These spatial correla-
tions are thought to reflect a combination of residential sorting and cumulative ex-
posures to local amenities such as air pollution and school quality. In this essay, we
consider the life-cycle dynamics of residential sorting, amenity exposures and hu-
man capital. We propose a new framework to unify the distinct empirical literatures
on residential sorting and human capital dynamics.

The residential sorting literature following Tiebout (1956) considers how het-
erogenous households sort themselves among differentiated neighborhoods that of-
fer distinct combinations of housing prices and amenities. Empirical studies typi-
cally treat human capital as fixed and estimate structural parameters representing
household preferences (Kuminoff et al. 2013). While neighborhood amenities are
often treated as endogenous public goods that are produced, in part, by the residen-
tial sorting process, the literature is mostly silent on how contemporaneous amenity
exposures affect the human capital stock.

A distinct empirical literature builds on Grossman (1972) to investigate how
residential exposures to pollution and other neighborhood amenities modify human
capital. Empirical studies typically treat household location as fixed and estimate
causal parameters that describe how particular amenities affect physical health and
cognition (Graff-Zivin and Neidell, 2013; Aguilar-Gomez et al., 2022). While the
literature recognizes that heterogenous individuals can modify their amenity expo-
sures by moving, residential sorting is usually depicted as a threat to econometric

identification, rather than as a focal outcome.



Recent evidence from longitudinal analyses of administrative data suggests that
the residential sorting process and the human capital production function influence
each other throughout life. During childhood, exposure to neighborhood amenities
affects the production of human capital, as measured by educational attainment and
earnings when young adults enter the labor force (Chetty and Hendren, 2018). Dur-
ing adulthood, workers with higher human capital are more likely to choose to pay
a premium to live in high-amenity neighborhoods that are better for their health and
productivity. After retirement, residential amenity exposures continue to affect
older adults’ morbidity and mortality (Finkelstein et al. 2021). Understanding the
life-cycle dynamics of these feedback effects may be important for evaluating the
efficiency and equity of public policies targeting amenities.

The purpose of this essay is to consider the implications of connecting the eco-
nomics of residential sorting and human capital production, and to suggest areas
where further research is needed. We argue that integrating these core ideas has
several potentially important implications for research at the intersection of envi-
ronmental and urban economics. First, it implies that amenity exposures are endog-
enous throughout life because residential sorting may cause them to be correlated
with latent features of human capital, and this endogeneity is not necessarily elim-
inated by focusing on exposures that occur earlier in life. Second, it implies that the
structural parameters used to describe how households make tradeoffs between
neighborhood amenities are endogenous to the residential sorting process, because
amenity exposures affect features of human capital that, in turn, determine prefer-
ences. Combining the first two implications suggests a third: dynamic interactions
between residential sorting and human capital production can generate virtuous or
destructive spirals in which amenity exposures and human capital reinforce each
other throughout life and across generations. Fourth, understanding the dynamic
interactions between sorting and human capital production can be helpful in devel-

oping welfare measures to evaluate policies designed to meet environmental justice



goals.

The remainder of the essay is organized as follows. Section 2 summarizes some
of the main stylized facts from the empirical literatures inspired by Tiebout and
Grossman. Section 3 outlines a simple overlapping generations model that repro-
duces these facts. We refer to it as a “Tiebout-Grossman Model” because of the
way that it integrates key mechanisms from the literatures that build on their semi-
nal papers. In Section 4 we discuss model implications, before concluding in Sec-

tion 5 with a discussion of opportunities for future research.

2. Stylized Facts from Recent Empirical Literature

We focus on five stylized facts about the economics of local amenities, human cap-
ital, and residential sorting. We draw on representative examples from recent liter-
ature to illustrate these facts, rather than attempt to provide a comprehensive re-
view.! For expositional convenience, we define “human capital” very broadly to
include physical health, cognition, and education. Likewise, we define “amenities”
broadly to include all local public goods and environmental services that differen-
tiate neighborhoods and are not formally traded in private markets. Examples in-
clude school quality, air quality, open space, and climate. We use air pollution as a

focal example because it is studied extensively and is targeted by policy.

2.1. Amenities Affect the Production of Human Capital

The neighborhoods where children are raised affect their production of human cap-
ital. This stylized fact is supported by comprehensive evidence from Chetty and
Hendren (2018) that children who move into a neighborhood tend to become more

like their permanent-resident peers over time in terms of educational attainment and

! Kuminoff et al. (2013) review literature on residential sorting, Graff-Zivin and Neidell (2013) and Aguilar-Gomez et al.
(2022) review literature on how environmental externalities affect human capital, Deryugina and Molitor (2021) review
literature on how exposure to the bundle of amenities that differentiate residential locations affects health and longevity
among older adults, Banzhaf et al. (2019) review literature on distributional implications of pollution exposure, and Hausman
and Stolper (2022) review literature on information frictions in the housing market.



incomes earned in their late 20s.? The precise combination of amenities and peer
effects that drives this convergence is not well understood, but school quality and
air quality are among the amenities that are believed to contribute. For example,
Chetty et al. (2014) find that when elementary and middle-school students are as-
signed to teachers who add value in terms of helping their students score higher on
standardized exams, the students are more likely to attend college and to earn higher
salaries as adults. Similarly, Ebenstein et al. (2016) and Isen et al. (2017) provide
causal evidence that individuals who are exposed to higher air pollution as children
tend to earn lower wages as young adults.

The link from air pollution to future earnings may manifest through both phys-
ical and cognitive channels. When air pollution increases, infant birth weight de-
clines, children are more likely to visit the hospital, more likely to miss school and,
conditional on attending school, they tend to score lower on standardized exams

(Graff-Zivin and Neidell, 2013; Aguilar-Gomez et al. 2022).3

2.2. Amenities Affect the Productivity of Human Capital

After young adults enter the labor force, the productivity of their human capital is
affected by their exposures to neighborhood amenities. For example, Bayer et al.
(2008) find that neighborhood-level social interactions create informal job referral
networks that affect hours worked and earnings. Air pollution exposure at home
and at work is also thought to modify the productivity of human capital. Evidence
is based on quasi-random variation in short-term air pollution exposures that arise
from changes in wind direction and other atmospheric factors. Studies utilizing this
variation have found that short-term pollution spikes reduce labor productivity

among high-wage and low-wage workers who perform tasks that require different

% They also find that residential exposures affect the probability of teenage birth and marriage by age 26. This is notable
because, like income and education, marital status and presence of children in a household are among the demographic
variables that are often used to capture observable sources of preference heterogeneity in studies of residential sorting.

? School absences may mediate air pollution’s effect on human capital. Aucejo and Romano (2016) and Liu et al. (2021) find
that school absences cause lower scores on standardized exams.



combinations of physical labor and cognitive effort (Chang et al. 2016, 2019;
Archsmith et al. 2018).

2.3. Amenities Affect the Destruction of Human Capital

After workers retire, the neighborhoods in which they choose to live affect the rate
at which their human capital declines. For example, Deryugina and Molitor (2020)
and Finkelstein et al. (2021) provide causal evidence from the over-65 Medicare
population that migrants’ residential location choices modify their remaining life
expectancies. Mathes (2022) provides analogous evidence that residential locations
affect the prevalence of chronic medical conditions. As with earlier stages of the
life cycle, the precise combination of mechanisms that produce these effects re-
mains unknown, but there is evidence that air pollution is a contributing factor.
Daily spikes in particulate matter have been found to cause emergency room visits
(Schlenker and Walker, 2016) and death (Deryugina et al., 2019), and elevated ex-
posures over a decade have been found to increase the risk of being diagnosed with

dementia (Bishop et al. 2023b).

2.4. Amenities are Capitalized into Housing Prices

Since people are free to move to neighborhoods with cleaner air, better schools, and
better amenities in general, spatial variation in amenities within a metropolitan area
will be capitalized into housing prices. This stylized fact is supported by numerous
studies that have applied causal research designs to housing sales data to estimate
the implicit prices of individual amenities (Kuminoff et al., 2013; Bishop et al.,
2020). Likewise, since workers are free to move between metropolitan areas, some
of the regional variation in amenities is also capitalized into wages.* These capital-

ization effects mean that choosing a residential location requires trading

* For example, Albouy et al. (2016) and Sinha et al. (2018) find that regional variation in climate is capitalized into wages as
well as housing prices.



consumption of nonmarket amenities for consumption of private goods. The result-
ing expenditures appear to be substantial. Bieri et al. (2023) estimate that Ameri-
cans implicitly spend the equivalent of 8% of their personal consumption expendi-
tures on local amenities by choosing to live in areas where they must pay higher

real housing prices and/or where they receive lower real wages.

2.5. Human Capital Affects Residential Sorting over Amenities

Households with higher human capital are more likely to pay a premium to live in
higher amenity neighborhoods.® This stylized fact follows from combining the idea
that income can provide a measure of human capital (Abraham and Mallatt, 2022)
with the observation that higher-income households tend to locate in more expen-
sive neighborhoods with better amenities (Banzaf and Farooque, 2013). Numerous
studies provide cross-sectional evidence of household stratification by income (Ep-
ple and Sieg, 1999; Smith et al., 2004; Sieg et al., 2004). Moreover, Banzhaf and
Walsh (2008) provide direct evidence that higher income households are more
likely to react to the opening of new air polluting facilities in their neighborhoods
by emigrating to cleaner areas. Other measures of human capital also affect sorting
behavior. For example, Bayer et al. (2007) find that, conditional on income, higher
educated parents with school-age children are more likely to pay a premium to live
in neighborhoods where students enrolled in public schools tend to perform better

on standardized exams.

3. A Tiebout-Grossman Model

In summary, stylized facts from the empirical literatures inspired by Tiebout (1956)
and Grossman (1972) collectively suggest that exposure to neighborhood amenities

affects human capital throughout life, that people can increase the production and

° Human capital may also affect the likelihood that individuals move. For example, highly educated workers migrate at higher
rates (Bayer et al. 2011) and, among older adults, health shocks are among the most common reasons for moving (Mathes
2022).



productivity of their human capital by paying to live in neighborhoods with better
amenities, and that the likelihood that people choose to do so is increasing in their
human capital. In this section, we sketch a simple overlapping-generations model
that embeds these features. For heuristic purposes we divide the life cycle into three

stages: (1) childhood, (2) adulthood / employment, and (3) retirement.

3.1. Human Capital and Decision-Making

To focus attention on the implications of sorting behavior, we first characterize
human capital dynamics and decision-making on a featureless landscape. We di-
vide this landscape into two equally sized neighborhoods k = {1,2}. Each neigh-
borhood has a fixed supply of N identical houses that are owned by absentee land-
lords and rented to a population of N adult workers and N retirees. Each neighbor-
hood provides an identical amenity, qy, such that g; = q,.

Suppose that among the initial generation of adult workers, the distribution of
human capital 8 has support [0}, Op;gr] With mean B_par. We initialize the model
by assuming that these individuals are sorted across the two neighborhoods such
that 9_1,par = H_Z,par' Next, we assume that N children are born to the adult workers.
At the end of childhood, each young adult is endowed with human capital, 8;, ran-
domly drawn from a distribution with support [8;4,, Orign]. While the support of
the distribution is identical for all children, we define the mean of the distribution
from which they draw in a given neighborhood, 8, to be a weighted sum of neigh-
borhood amenities and mean human capital among the adult worker parents in their

neighborhood.
ék =41 ék,par + (1 - /1) qk- (1)

Equation (1) specifies that the expected value of each child’s human capital draw

depends on their neighborhood environment and the composition of adults in their



neighborhood, with the relative importance of these inputs determined by A. Since
both inputs are currently assumed to be identical across both neighborhoods, the
human capital production functions for children in each neighborhood are also
identical.

Young adults enter the employment stage of life with their one state variable:
human capital, 8;. They choose a residential neighborhood, %, and simultaneously
decide how much time to spend working for an exogenously given wage, w, and
how to divide their earnings between private consumption ¢, the location-specific
cost of occupying a house 73, and saving for retirement s. Labor effort, /, generates
disutility, which we assume is decreasing in 8. For example, labor might be more
difficult for someone in worse health or with less education.

Workers receive flow utility from private consumption and neighborhood
amenities, and flow disutility from labor effort.® They expect to survive through a
subsequent retirement stage and, therefore, make decisions to maximize the sum of

their flow utility and the discounted expected future utility during retirement.

(2) Vaauie Mer Qi 0:) = Zféclwlg u(c, q,) —v(l,6;) + ﬁE[V(éiJS)qu]
s.t.c+nrn+s=wl

The flow utility from neighborhood amenities may reflect direct consumption value
to the workers as well as their understanding that those amenities contribute to pro-
duction of their children’s human capital, for example through the quality of neigh-
borhood schools.” Our assumption that the disutility of labor is mitigated by human

capital, v; 9 < 0, implies that when workers solve the optimization problem in

® The labor supply decision can operate on the intensive margin, as in the case of a worker choosing how many hours to work
per week during each year spent in the labor force, or on the extensive margin, as in the case of a worker choosing when to
retire.

" Flow utility could also be modeled as depending directly on their children’s expected human capital in Equation (1). How-
ever, this would require an additional assumption that parents fully understand the human capital production function.



Equation (2), those who are endowed with lower values of 8 will choose to work
less and, thus, have less disposable income. Thus, income is increasing in human
capital.

When workers retire from the labor force and begin the final stage of their lives

we assume that they experience good health, 8; = égood, with probability p and

bad health, 8; = 0,4, with probability (1 — p). Further, we assume that p is in-
creasing in the quality of amenities that retirees were exposed to during their prior
employment stage. If the bad state of health is realized, retirees must pay higher
out-of-pocket medical expenses m: m(ébad) > m(égood). After paying medical
expenses, retirees spend the remainder of their savings on private consumption and
housing. Finally, we assume that retirees receive direct utility from amenities in
their neighborhoods: u,; > 0. Since retirement is the final stage of life, retirees
simultaneously choose consumption and locations to solve the static problem

shown in Equation (3).

maxu(c, qy) 3)

s.t.c+r+m(6;) =s

Thus far, we sketched a simple model of human capital and decision-making
over the life cycle that embeds three stylized facts about how amenity exposures
affect human capital dynamics. First, amenity exposures affect the production of
human capital during childhood. Second, amenity exposures affect the productivity
of labor, represented by the effect of human capital on the labor supply. Third,
amenity exposures affect the destruction of human capital after retirement, repre-
sented by the effect of amenity exposures on future health.

These mechanisms collectively imply that the supply of residential amenities
will affect earnings, consumption, and utility. However, thus far, the model lacks

an incentive for residential sorting. Since the two neighborhoods are identical in



their provision of amenities and human capital production functions, they must
have identical housing prices for the market to clear so that, in equilibrium, all

adult workers and retirees are indifferent between living in the two neighborhoods.

3.2. Residential Sorting

Now imagine that unexpected events improve the amenities in neighborhood 2 and
degrade the amenities in neighborhood 1: q; > g1. To help us characterize how
this spatial variation will affect residential sorting, we invoke a version of the
standard single-crossing assumption that is commonly used to establish necessary
conditions for sorting equilibria (Kuminoff et al. 2013). Specifically, we assume
that the marginal rate of substitution between q; and 1y, is strictly increasing in
income for both working adults and retirees. This implies that indirect indifference
curves only cross once and higher-income individuals have a higher marginal will-
ingness to pay for amenities.

These features are sufficient for the model to replicate the two stylized facts
from the residential sorting literature. First, the price of housing must be higher in
the higher-amenity neighborhood. This follows because living in neighborhood 2
during the retirement stage increases flow utility in Equation (3) and, additionally,
living in neighborhood 2 during the working stage increases flow utility through
neighborhood amenities that also contribute to children’s expected human capital,
as well as through the discounted expected utility from the effect of amenity expo-
sures on the probability of a bad health realization in retirement, as shown in Equa-
tion (2). This implies that the demand for housing in neighborhood 2 must be
higher, so that r, must exceed r; for the housing market to clear. Thus, spatial
variation in amenities is capitalized into housing prices.

Second, adult workers will sort themselves across neighborhoods by human
capital. This stratification follows from combining the single-crossing condition

with the labor supply decision affected by human capital embedded in Equation
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(2). Workers who enter adulthood with more human capital face a lower disutility
of labor. Therefore, they will optimally supply more labor and earn higher incomes.
Single-crossing implies that these higher-income workers will outbid lower-in-
come workers to live in neighborhood 2, replicating the income-based stratification
pattern in Epple et al. (1993) and Fernandez and Rogerson (1996).

For example, let & denote the level of human capital that generates the precise
level of income that makes a worker exactly indifferent between paying the higher
price r2 to live in community 2 in order to lower their risk of a negative health
shock in the future while increasing their access to neighborhood amenities, and
paying the lower price 71 in exchange for higher risk and fewer amenities. The sin-
gle-crossing condition implies that workers with 8; < 8 will choose community 1,
whereas workers with 8; > 8 will choose community 2. In the context of our sim-
ple model, this stratification result, which is adapted from the residential sorting
literature following Tiebout (1956), also captures the idea from Grossman (1972)
that individuals face tradeoffs between private consumption today and better ex-
pected health and human capital in the future. In other words, working-age adults
may choose to invest in their own health and in their children’s human capital by
paying more to live in higher-amenity neighborhoods.

When households transition to retirement and experience health shocks, some
may choose to move between the high amenity and low amenity neighborhoods.
Some households may optimally choose to move from the low to the high amenity
neighborhood to increase their direct utility from amenities. Other households
might move from the high to the low amenity neighborhood after realizing a neg-
ative health shock and increased medical expenses. Thus, our framework can ac-
commodate migration patterns similar to those reported by Finkelstein et al.

(2021), for example, that seniors move between areas with higher and lower life
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expectancies at similar rates, and that healthier seniors are more likely to move to

areas where average life expectancy among non-movers is higher.

3.3. Discussion

Our Tiebout-Grossman model embeds the five stylized facts that we emphasized
in Section 2. To keep the model simple, we abstracted from potentially important
features of residential sorting and human capital dynamics such as the contempo-
raneous effects of amenity exposures on workers’ labor productivity and market
frictions. Under the single-crossing assumption, these features can be added with-
out changing our model’s basic predictions.

For example, it is straightforward to extend Equation (2) to allow contempora-
neous exposures to better amenities to increase workers’ labor productivity. This
would reinforce workers’ existing incentive to move to the higher-amenity neigh-
borhood to reduce their risk of experiencing a negative health shock during retire-
ment. We could also add a utility cost of migration to reflect a combination of fiscal
costs, information costs, and psychic costs of living away from family and friends.
The empirical literature suggests that such costs are empirically important, but not
sufficiently large to eliminate sorting behavior and amenity capitalization (Pope,
2008; Bayer et al., 2009; Hamilton and Phaneuf, 2015; Ma, 2019; Bishop et al.
2023a).}

Our simple model also abstracts from heterogeneity in the spatial scales at
which amenities have been shown to affect the production and destruction of hu-

man capital. For example, public school quality varies between school attendance

8 Information frictions may also vary with human capital. For example, Bakkensen and Barrage (2022) perform a door-to-

door survey of Rhode Island residents and find evidence of sorting on heterogeneous beliefs over flood risk. Specifically,

people living in high-risk flood zones are (mistakenly) less likely to worry about flood risk than those living further inland.
Hausman and Stolper (2022) survey the literature on information frictions in the housing market and argue that it may am-
plify residential sorting over amenities by socioeconomic status. In our context, if reducing a worker’s human capital were
to attenuate their beliefs about the productivity of amenity exposures for their future health or their children’s human capi-
tal, the resulting heterogeneity in beliefs would reinforce the existing stratification across higher and lower amenity neigh-
borhoods by adult human capital.
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zones whereas noise pollution and air pollution can vary locally within those zones.
Our model follows residential sorting literature in assuming that neighborhoods are
defined at a sufficiently high resolution that amenity exposures can be assumed to
be homogeneous within a neighborhood (Kuminoff et al. 2013).° However, an em-
pirical study would have to address the fact that amenity exposures can vary with
mobility conditional on a residential location. That is, individuals’ amenity expo-
sures at home may differ from their exposures at school or at work. The difficulty
in observing non-residential amenity exposures means that available measures of
amenity exposure are likely to embed some measurement error, suggesting a need
for instrumental variables (Bishop et al. 2023b).

Empirical studies have also shown that the production and productivity of hu-
man capital can be modified by short term amenity exposures occurring within
each of the life-cycle stages of our model. For example, daily spikes in air pollution
are thought to cause increased school absences (Graff-Zivin and Neidell, 2013;
Aguilar-Gomez et al. 2022) which, in turn, has been shown to reduce students’
scores on standardized exams (Aucejo and Romano 2016 and Liu et al. 2021).
Similarly, daily spikes in air pollution are thought to reduce adults’ labor produc-
tivity (Chang et al. 2016, 2019; Archsmith et al. 2018). Our model could be ex-
tended to accommodate higher-frequency exposures by allowing households to
make location decisions and labor supply decisions more frequently within each
stage, annually for example.

We leave development of a richer version of the Tiebout-Grossman model to
future research. While our current framework is simplistic, it is sufficient to
demonstrate that combining stylized facts from the empirical literatures on resi-
dential sorting and environmental inputs to human capital production points to

promising directions for future research.

° While we defined the spatial landscape to contain only two neighborhoods for simplicity, it is straightforward to generalize
our model to allow an arbitrary finite number of neighborhoods as in Epple et al. (1993) and Fernandez and Rogerson (1996).
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4. Implications of Tiebout-Grossman Sorting
4.1. Human Capital - Amenity Exposure Spirals

Tiebout-Grossman Sorting has potential to produce spirals of amenity exposures
and human capital realizations that extend throughout life, and across generations.
These spirals may be virtuous or destructive. For example, as a baseline for com-
parison, consider an initial equilibrium for the model in Section 3.1 in which both
neighborhoods are identical in terms of amenities and average human capital
among adults. Now consider the first generation of children who are born after the
event described in Section 3.2 that unexpectedly improves the amenities in neigh-
borhood 2 and degrades the amenities in neighborhood 1. Children born in both
neighborhoods receive human capital draws from a distribution with the same sup-
port, but the mean of the distribution is now higher in neighborhood 2 due to its
improved amenities: 2 8,y + (1 —2) q3 > 201 g + (1 = 2) q1.1° As a result,
the children born in neighborhood 2 will, on average, enter the labor force with
higher human capital, earn more income as adults and, therefore, be more likely to
choose to pay to live in neighborhood 2 where better amenity exposures reduce
their risk of negative health shocks during retirement, which, in turn, increases the
probability that they will afford to retire in the high-amenity neighborhood. By
contrast, those born in neighborhood 1 experience a comparatively destructive spi-
ral defined by lower quality amenities, lower human capital, lower income, and
worse health.

The spiral persists from one generation to the next, as the second generation of
children born into neighborhood 2 benefit from exposure to adult residents with

higher human capital, in addition to better amenities: A 8, pqr + (1 —2) g5 >

A0; par + (1 —2) q;. This example also illustrates how Tiebout-Grossman

'%1n the equation, we substitute 9_2_1,,1, = él_pa, since both neighborhoods are initially assumed to have the same mean human
capital among working adults, as discussed in section 3.1.
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sorting may contribute to positive correlation between parental human capital and
child human capital. Even in the absence of a genetic link or peer effects, i.e. 1 =
0, adults with higher human capital are better able to afford to live in neighbor-
hoods with amenities that are productive for their children’s human capital.
Colmer and Voorheis (2022) present evidence consistent with this hypothesis, find-
ing that air pollution exposures affect human capital outcomes across generations.

The concept of a human capital — amenity exposure spiral raises at least three
questions for empirical research. First, do these spirals contribute to the intergen-
erational transmission of wealth and the persistence of poverty traps (Becker and
Tomes, 1979; Loury, 1981; Durlauf, 1996)? Second, if a policymaker wanted to
manipulate a spiral to help achieve a policy target, what would be the most efficient
way to do so? Would it be more efficient to modify the spatial distribution of amen-
ities or to subsidize migration? Third, how important are human capital — amenity
exposure spirals for evaluating the equity and efficiency of polices targeting amen-

ities?!!

4.2. Welfare Implications of Environmental Justice

The potential for Tiebout-Grossman sorting to amplify initial disparities in amenity
exposure also relates to economic literature on environmental justice. The environ-
mental justice literature generally focuses on the distributional effects of policies,
rather than their economic efficiency or their welfare implications. This approach

follows from a concern that accounting for heterogeneity in the willingness to pay

"'t could be interesting to extend our framework to investigate how human capital — amenity exposure spirals would be
exacerbated or dampened by occupational sorting and wage compensation for higher on-the-job risks to health and survival
(Evans and Taylor 2020, Cropper et al. 2011). On one hand, higher wage compensation for hazardous on-the-job exposures
could increase the quality of residential amenity exposures through higher incomes, dampening negative spirals. On the other
hand, hazardous exposures could increase the risk of negative shocks to human capital that would lower wages, exacerbating
negative spirals. It would be interesting to characterize how the net effect of these mechanisms varies with model primitives
and to evaluate their empirical importance.
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when evaluating a policy will tend to favor higher-income groups (Banzhaf et al.
2019). Part of the concern is that conventional approaches to environmental policy
evaluation do not offer a consistent basis for addressing the extent to which the
current distribution of income reflects historical dipartites in economic opportunity
and pollution exposure.

Returning to the discussion of amenity spirals from Section 4.1, the environ-
mental justice concern arises when evaluating policies that affect the workers and
their children who experienced the shocks that improved amenities in neighborhood
2 and degraded amenities in neighborhood 1. During the retirement stage, expected
health is higher among those who worked in neighborhood 2, which implies that
their expected medical expenses will be lower, and their expected disposable in-
comes will be higher. Similarly, expected human capital will be higher among the
workers who spent their childhoods in neighborhood 2, which implies that their
mean incomes will be higher as well, as explained in Section 3.2. It follows from
the single-crossing condition that the mean willingness to pay for a marginal im-
provement in amenities will also be higher among the groups that previously ben-
efitted from the positive shock to amenities in neighborhood 2. However, using this
cross-sectional heterogeneity to evaluate welfare effects of contemporaneous poli-
cies ignores the fact that mean willingness to pay is only higher in neighborhood 2
because its residents benefitted from a prior positive amenity shock, as opposed to
those in neighborhood 1 who were harmed by a negative shock.

The environmental justice literature provides evidence that such “shocks” to
amenity exposures are often correlated with race and income. That is, lower income
groups and racial minority groups are more likely to be exposed to pollution for
reasons other than deliberate residential sorting. Examples include disproportionate
siting of pollution sources (Banzhaf et al. 2019), discriminatory behaviors by real
estate agents and landlords that effectively steer racial minority groups to more pol-

luted neighborhoods (Christensen et al. 2022, Christensen and Timmins, 2022), and
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racial gaps in information about pollution (Hausman and Stolper 2022).

Empirical versions of the Tiebout-Grossman model could help to inform the
environmental justice literature by measuring the impact of pre-existing disparities
in amenity exposure by race and income, and enabling calculation of counterfactual
welfare measures that endogenize lifetime effects of amenity exposures. For exam-
ple, an empirical version of the model in Section 3 could be used to calculate how
much higher (or lower) an individual’s willingness to pay for improved amenities
would have been had they started life in a higher-amenity (or lower-amenity) neigh-
borhood. Similarly, one could predict the welfare implications of improving amen-
ity exposures, taking account of the present discounted value of how improved ex-

posures would be expected to affect individual health and income in the future.

4.3. Amenity Exposures are Endogenous

For studies that estimate causal parameters describing how pollution exposures af-
fect measures of human capital, an implication of Tiebout-Grossman sorting is that
amenity exposures are endogenous throughout life. They are endogenous in the
sense that residential sorting will tend to cause amenity exposures to be correlated
with human capital, which is generally difficult to fully observe and control for in
empirical studies. Further, this threat to identification is not necessarily diminished
by focusing on exposures that occur earlier in life, due to residential sorting by prior
generations.

Of course, the suggestion that individuals’ amenity exposures will be correlated
with their latent human capital is unsurprising. It is a standard concern that modern
research designs are expected to address (Graff-Zivin and Neidell, 2013; Aguilar-
Gomez et al. 2022). However, Tiebout-Grossman sorting may also present more
subtle endogeneity challenges for empirical research and policy evaluation. For ex-
ample, studies estimating effects of air pollution on older adults’ health necessarily

focus on cohorts that survive to an advanced age. Likewise, studies of air pollution
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on test scores and labor productivity use samples that are selected on attendance
and employment. If the probabilities of attendance, employment, and survival are
themselves affected by prior pollution exposures, then instruments may be needed
to avoid sample selection biases (Bishop et al., 2023b).

Another challenge is to understand the extent to which sorting mediates long-
term effects of amenity exposures. In the case of air pollution, short-term exposures
have been found to have long-term consequences (e.g. Ebenstein et al., 2016; Isen
et al., 2017; Colmer and Voorheis, 2022). For example, Ebenstein et al. (2016) find
that elevated daily exposures during high-stakes exams not only cause the test-tak-
ers exam scores to decline, but also reduce the probability that the test-takers sub-
sequently attend college and cause their future wages to decline. If these long-term
consequences are mediated by intermediate feedback effects between human capi-
tal and amenity exposures, then knowledge of these feedback effects will be re-
quired to predict the benefits of prospective policies targeting air pollution. While
it would be ideal to estimate all the feedback dynamics directly, the potential diffi-
culty in doing so reinforces a suggestion made by Aguilar-Gomez et al. (2022) to
explore the potential for using surrogate indices to combine multiple short-term

treatment effects to predict long term outcomes (Athey et al. 2019).

4.4. Amenity Preferences are Endogenous

For studies that model residential sorting behavior, an implication of Tiebout-
Grossman sorting is that individuals’ current sorting decisions may affect their pref-
erences for amenities in the future. It is common for static models of residential
sorting to depict preference heterogeneity as a function of income and education,
which are treated as exogenous endowments (e.g. Epple and Sieg, 1999; Bayer et
al., 2007). However, Tiebout-Grossman sorting implies that policies that modify
amenities in the short run may also modify the measures of human capital that in-

fluence how people sort themselves over those amenities in the long run.
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Understanding these dynamics may be important for policy evaluation.

Prior studies have provided some initial evidence that environmental conditions
can substantially influence preference formation. For example, Krupka (2009) con-
cludes that adults’ migration decisions are influenced by the amenities they were
exposed to in their childhood neighborhoods.!? More recently, Howden and Levin
(2022) and Levin and Vidart (2022) find that lifetime experiences with climate and
macroeconomic volatility have first-order effects on the formation of individuals’
risk preferences.

Advances in econometric methods for estimating dynamic sorting models offer
the potential to investigate the implications of preference endogeneity arising from
Tiebout-Grossman sorting (Bayer et al. 2016). Mathes (2022) takes a first step in
this direction by focusing on adults over age 65 and estimating how their prefer-
ences for climate amenities depend on their health stock which, in turn, is allowed
to evolve as a function of their exposure to climate amenities such as summer heat.
Accounting for sorting over these health effects increases the estimated willingness
to pay to avoid future climate change by approximately 30%. Extending the ap-
proach from Mathes (2022) to incorporate earlier stages of the life cycle is an im-

portant direction for further research.

5. Summary and Further Research

In summary, we believe that integrating core ideas from the recent empirical liter-
atures on residential sorting and human capital production into a unified framework
for empirical analysis and policy evaluation holds potential to advance knowledge
on important issues at the intersection of environmental and urban economics. Pur-
suing this line of research will require developing empirical models of residential

sorting over the life cycle that include transition dynamics for human capital.

12 Drawing on examples from Krupka: two otherwise identical individuals who develop distinct appreciations for surfing and
ice-fishing early in life may, as a result, have quite different geographic preferences later in life.
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Mathes (2022) provides the first empirical demonstration of this approach, focusing
on dynamic feedback effects between senior citizens’ location choices and the evo-
lution of their health after age 65. The next step is to extend the approach to include
working age adults and their children.

The ideal data would track individuals’ residential amenity exposures and the
evolution of their human capital throughout their lives, from childhood to labor
force participation to retirement. This is increasingly feasible for individuals in
countries such as Sweden, Denmark, and Norway that allow researchers to work
with linked population-level administrative data sets. The U.S. Census Bureau has
also moved in this direction by allowing special sworn status associates to propose
novel administrative data projects (U.S. Census Bureau 2019). Voorheis et al.
(2023) illustrate how the Census Bureau’s process can be used to develop long-
term measures of amenity exposures, and Cole et al. (2020) provides a broader
summary of the issues involved in working with administrative data and interna-
tional case studies.

Despite these recent advances in data availability, it remains difficult to develop
life histories of amenity exposure and human capital for the general population.
One of the challenges is that data on residential exposure to amenities such as air
pollution are limited by the availability of monitoring station data that are sparse in
the United States prior to the Clean Air Act of 1970. In the near term, researchers
could make progress in estimating life-cycle models of residential sorting and hu-
man capital production by combining shorter and more recent longitudinal data sets
describing separate sets of individuals within each stage of the life cycle (e.g. child-
hood, employment, retirement). In particular, causal reduced-form evidence on the
effects of amenity exposures on the human capital stock could be used to discipline
key parameters of a structural model of residential location choice and human cap-
ital production (Nakamura and Steinsson 2018, Todd and Wolpin 2023).

Another key challenge will be to characterize individuals’ beliefs about the

20



effects of amenity exposures. In the model we outlined, we assumed that all adults
were fully informed about the effects of exposure to amenities on the evolution of
their human capital. However, scientific knowledge on the effects of amenity ex-
posures on human capital is rapidly evolving and, conditional on the state of infor-
mation, beliefs appear to be heterogeneous (Hausman and Stolper, 2022). If beliefs
correlate with human capital, they have the potential to reinforce virtuous and de-
structive spirals of amenity exposures and human capital realizations throughout
life and across generations. Surveys may provide the most direct path to establish-
ing a mapping from individual characteristics to beliefs and help advance research

in this direction.
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