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Abstract

We study the spatial determinants of inequality in educational access, and assess the
welfare effects of policies at scale trying to address this inequality. We develop a spa-
tial equilibrium model of residential sorting and school choice, estimated using data
from a large school district in the United States. The estimated model replicates the
responses of neighborhood and school choice to quasi-experimental variation in peer
school composition and school transportation provision. The model is used to evalu-
ate the aggregate and distributional welfare effects of policies designed to enhance
educational opportunities to low-income families: school-choice expansion (place-
based) vs. housing vouchers (people-based). We estimate that both policies result
in overall negative welfare effects, with only marginal improvements in low-income
children’s access to high-quality schools. Although eligible families generally benefit
from these policies, some experience losses in equilibrium, in particular, those who
invest in their children’s education at baseline by residing in costly neighborhoods.
We also find that geography and zoning regulations shape the spatial distribution
of effects on higher-income families. Those attending high-quality schools located far
away from low-income neighborhoods are shielded from the adverse effects of school-
choice expansion policies. Those living in neighborhoods with more stringent zoning
regulations are immune to the effects of housing voucher policies.
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1 Introduction

Most cities in the United States are characterized by a significant degree of neighborhood
income segregation, which translates into inequality in access to local amenities, such as
high-quality public schools. This issue has attracted growing attention among policy-
makers, given the importance of early childhood education and peer effects on children’s
outcomes.

This paper asks two main questions. First, we quantify to extent to which institu-
tional constraints to neighborhood and school choice rather than preference heterogene-
ity are responsible for the observed degree of sorting of families across neighborhoods
and schools. Second, we investigate the aggregate and distributional implications of poli-
cies that grant low-income families access to high-quality schools. To answer these ques-
tions, we build a spatial equilibrium model of neighborhood and school choice. Families’
choices are determined by preferences over school peer composition, commuting distance
to school, house prices, as well as by local institutions like neighborhood-specific school
choice sets and residential minimum lot size restrictions.

We estimate the model using data from the Wake County, North Carolina. We ex-
ploit the effect of longitudinal changes in school attendance boundaries on house price
to identify families’ willingness to pay for school quality. The model replicates these
quasi-experimental effects, as well as the estimated effects of observed changes in school
transportation on school enrollment. We find that low-income families disproportionally
value proximity to school while high-income place a higher relative value on school peer
composition, increasingly so the higher their children’s skills.

We use the estimated model to evaluate the aggregate and distributional welfare im-
pacts of two policies commonly discussed and implemented in the United States to miti-
gate inequality in access to high-quality schools: a place-based policy that expands school
choice for families living in disadvantaged neighborhoods, and a people-based policy that
offers housing vouchers to low-income families that locate to more affluent areas. Our
results reveal that both policies generate a negative aggregate welfare effect while only
marginally improving in access to high-quality schools for low-income children. This
result is mainly driven by the detrimental effect of both policies on low-income infra-
marginal families who choose at baseline to pay a high house price to reside in neighbor-
hoods offering access to high-quality schools. Finally, our findings show that the effec-
tiveness of both policies varies based on the geography and housing regulations. High-
quality schools located far away from low-income neighborhoods are shielded from the
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effects of school-choice expansion policies. High-income neighborhoods with more strin-
gent zoning regulations are immune to the effects of housing voucher policies.

We develop a spatial equilibrium model of residential sorting and school choice that
captures key institutional features common in numerous school districts across the United
States: choice sets—or portfolios— of schools that vary by residential location, school
transportation provision, and zoning restrictions on housing demand. Conditional on
their residential location, families have access to a neighborhood-specific set of public
schools they can apply to; they can also opt out the public school system and attend a
private school. Families’ school choices are determined by endogenous school quality—
defined by the school peer composition—and disutility from commuting, which depends
on distance from home and on whether transportation is provided. Seats in oversub-
scribed public schools are allocated to applicants via lottery. Residential choice is de-
termined by the value of the school portfolio associated with each neighborhood, to-
gether with the cost of housing, the quality of exogenous neighborhood amenities, and
neighborhood-specific zoning restrictions that impose a lower bound on housing con-
sumption. Crucially for our policy counterfactuals, house prices, admission probabilities,
and school (peer) quality are jointly determined in equilibrium.

Our empirical analysis focuses on Wake County, North Carolina, which serves as a
natural setting for our analysis—it is covered by a single county-wide school district, the
per-pupil expenditure is constant across schools in the district, and several institutional
changes regarding the boundaries of school catchment area and school transportation
have occurred in recent years. To map the model to the data, we build a new comprehen-
sive dataset by combining several data sources. We use student-level administrative data
from the North Carolina Education Research Data Center (NCERDC) that report, for each
child attending public schools in NC, the school they attend, their test scores, and resi-
dential location. We merge these data with (i) yearly information from the Wake County
Public School System (WCPSS) on school catchment areas and the portfolio of alternative
public schools available to each address; (ii) information on school transportation provi-
sion to each address; and (iii) data on house prices and residential zoning regulation for
the entire county.

We estimate the model via the method of simulated moments exploiting both lon-
gitudinal and cross-sectional variation for identification of model parameters. In par-
ticular, changes in the boundaries of school catchment areas over school years generate
quasi-experimental variation in peer composition, which we leverage to identify fami-
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lies’ willingness-to-pay (WTP) for school quality. Within-neighborhood sorting of chil-
dren across schools by skill level helps identifying heterogeneity in families’ valuation
of school quality as a function of their child’s skills. To identify commuting costs with
and without available school transportation and by income, we use variation in distance
traveled to school by families as a function of whether the attended school provides trans-
portation from their neighborhood. We show that the identified commuting costs are able
to further replicate the impact on school enrollment of longitudinal changes in the avail-
ability of school transportation to a given neighborhood. Parameters capturing the cost
of private schools, which may vary by location and income group, are identified by the
spatial variation in private school attendance, conditional on family income. Residual
variation in neighborhoods sorting by income helps identifying (heterogeneity in) fami-
lies’ valuation of exogenous neighborhood amenities.

Parameter estimates reveal that economically disadvantaged (henceforth, ED) families
have a lower WTP than higher-income (or non-ED) families for school peer quality. Con-
ditional on income, families’ valuation of school quality also increases with their child’s
skills. This gradient is particularly steep for higher-income families. For non-ED families
with a child with skills at the 25th percentile of the skill distribution, thecompensated
variation for a ten-percent decrease in peer quality in schools is $478, and it rises to $920
if the child’s skills reach the 75th percentile of the skill distribution. The analoguous num-
bers for ED families are $85 to $150. The WTP to reduce commuting to school (of 1 mile)
also varies across income groups, being twice as large for non-ED families, regardless of
children’s skills ($280 vs. $530). However, the relative WTP for school proximity com-
pared to school peers, which represents a trade-off in school choice between distance and
quality, is much higher for ED families, suggesting that they value proximity relatively
more than school peer composition as compared to their higher-income counterparts.

We use the estimated model to conduct a welfare analysis of two policies commonly
discussed and implemented in the United States to improve low-income families’ access
to high-quality schools: a place-based policy that expands school choice for families living
in disadvantaged neighborhoods, and a people-based policy that offers housing vouchers
to low-income families that locate to more affluent areas. In our place-based policy, we
target low-income neighborhoods where over 60 percent of families are ED, expanding
their school portfolios to include the top 40 schools in the district (which we deem re-
ceiving schools). In our people-based policy, we provide housing vouchers to ED families
conditional on them locating within the catchment area of the same 40 receiving schools.

We find that both policies have negative aggregate welfare effects of similar magni-
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tudes, amounting to an average $400 annual loss per family. While the beneficiaries of
the policies obtain modest welfare gains—half of which are offset by higher commuting
costs in the school choice expansion policy—the aggregate welfare loss is driven by the
negative effects on families who reside in the catchment areas of the receiving schools in
the baseline equilibrium. Among the latter, ED families are more exposed to—and are
less able to insure against—the decreased school peer quality that results from the influx
of new children into their school. In the school choice expansion policy, receiving schools
that are located faraway from the targeted low-income neighborhoods are subject to high
commuting costs (despite the provision of school transportation). Those schools, which
tend to be located in more affluent neighborhoods, are shielded from the policy by their
geographic location in the outskirts of the city. In the voucher policy, the role of distance
is played by zoning regulations. While incoming children reside within the catchment
areas of receiving schools, the presence of minimum size constraints on housing tilts their
neighborhood choice toward less-regulated, lower income neighborhoods. Both policies
highlight how preference heterogeneity and spatial constraints on the families’ choices
are central in evaluating the outcome of policies aimed at expanding access to schools for
low-income families.

Related Literature. This paper is related to several strands of literature. First, this paper
contributes to the literature on residential choice and school valuation, motivated by the
well-documented fact that school quality is capitalized into house prices (Black, 1999). Ep-
ple and Sieg (1999) first developed a general empirical equilibrium framework in which
households sort into neighborhoods based on their preferences for housing and local pub-
lic goods, and local jurisdictions choose their property tax levels and provision of pub-
lic goods.1 Bayer et al. (2007) propose an empirical framework of neighborhood choice,
where families have preferences over school quality and other neighborhood amenities.
We depart from these studies by allowing each neighborhood to be associated with a port-
folio of schools residents can choose from. We can then use our framework to analyze the
equilibrium response of school composition and neighborhood sorting to counterfactual
policies related to both school choice and housing. In contrast to these earlier studies,
we also leverage longitudinal—instead of cross-sectional—variation in school catchment
areas to disentangle households’ willingness to pay for school quality from other neigh-
borhood amenities.

1Sieg et al. (2004) further develop an empirical method to estimate willingness to pay for large changes
in local public goods, in the presence of household spatial sorting, unobserved preference heterogeneity,
and general equilibrium effects in the local housing market.
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Our paper naturally relates to the empirical literature on school choice. We focus on
the demand side of the education market and contribute to previous work interested in
the determinants of school choice by endogenizing neighborhood choice—while recog-
nizing the importance of the distance from home in families’ choice of school for their chil-
dren, this literature has largely treated home location as exogenously fixed (e.g., Hastings
et al., 2009; Abdulkadiroǧlu et al., 2017; Agarwal and Somaini, 2018; Kapor et al., 2020;
Laverde, 2023). The role of school competition in shaping the outcomes of educational
policies has been shown to be important (e.g., Singleton, 2019; Allende, 2020; Dinerstein
and Smith, 2021; Campos and Kearns, 2023) but is beyond the scope of this paper.

Our approach to model neighborhood choice in the presence of school choice is in
the spirit of Nechyba (2000), Epple and Romano (2003), and Avery and Pathak (2021).
These papers propose models in which school quality and housing prices are determined
in equilibrium and study the extent to which school choice policies increase low-income
children’s access to high-quality schools.2 We also investigate these effects in equilibrium
and show that geography plays an important role in determining the distributional effects
such policies.3 Park and Hahm (2023) examine the impact of the school assignment mech-
anism within a model of school and neighborhood choice. Our work differs from theirs
by accounting for general equilibrium effects of spatial sorting on house prices and on
school peer composition, which are central in assessing the response of families to—and
the aggregate welfare impact of—the policies we analyze.

This paper also contributes to the growing urban literature that studies how the inter-
action between agglomeration and congestion forces shape city structure and individual
outcomes (Ahlfeldt et al., 2015).4 Recent contributions have focused on the effect of trans-
portation infrastructure on commuting patterns (Heblich et al., 2020) and neighborhood
sorting (Tsivanidis, 2019). Our paper also explores how transportation provision, along
with local prices, affects access to desired locations within a city. However, we depart
from much of the urban literature that deals with labor market access and explore hetero-
geneity across neighborhoods in their measure of educational access. Hsiao (2023) studies
the provision of educational opportunities in a spatial equilibrium in which workers mi-
grate toward labor markets with higher returns to education. Similar to us, Almagro and

2Nechyba (2000) focuses on school choice though private school vouchers; Epple and Romano (2003)
and Avery and Pathak (2021) consider public school choice.

3Redding and Turner (2015) survey the theoretical and empirical literature on the impact of transporta-
tion costs on spatial economic activities.

4For a comprehensive review of recent advancements in quantitative models of economic geography,
refer to Redding and Rossi-Hansberg (2017).
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Domı́nguez-Iino (2022) delve into the role of endogenous local amenities in shaping the
welfare distribution among residents within a city. They focus on leisure amenities, while
our paper is centered around the quality of local schools.

Recent developments in macroeconomic research have shown a growing interest in
understanding the impact of spatial segregation on human capital development. Early
seminal papers examined the theoretical implications of neighborhood segregation on
socio-economic inequality (e.g., Benabou, 1993; Durlauf, 1996; Fernandez and Rogerson,
1996). More recent studies have used quantitative dynamic models to examine how de-
cisions related to residential choices affect the development of children’s human capital
through the transmission of skills across generations (Aliprantis and Carroll, 2018; Fogli
and Guerrieri, 2018; Eckert and Kleineberg, 2021; Chyn and Daruich, 2022). Our research
contributes to this field by delving into the micro-level institutional elements and regu-
latory factors that influence neighborhood sorting and educational choices, and thereby
affecting aggregate welfare and its distribution.

2 Model

2.1 Overview

We build a static model of neighborhood and school choice by families with a child
in elementary school age. Families are heterogeneous in terms of both their income
and children’s skills. Families choose their neighborhood of residence taking into ac-
count house prices, neighborhood-specific housing regulations, and exogenous and en-
dogenous amenities. The endogenous amenity is given by the quality of the portfolio
of schools associated with a specific neighborhood from which families must select the
school they apply to. The set of schools in a neighborhood’s portfolio is defined by school
attendance boundaries, which we take directly from the data. Schools are characterized
by some exogenous characteristics, namely their capacity and location in the city. The
number and skill composition of children that apply to a particular school determine
the equilibrium probability of admission to and the quality of that school, respectively.
Home–school distance determines the disutility cost from commuting, which varies ac-
cording to whether school transportation is provided.

The city is also composed of the rest of households, or other households, o, by which
we mean households without a child in elementary school age. The rest of households—
in contrast to families—are only heterogeneous with respect to their income and only
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choose their residential location. While families are the main focus of our analysis, incor-
porating other households into the model allows us to measure the families’ valuation for
school quality from changes in house prices, given that families represent only a fraction
of the housing demand in the city.

2.2 Environment

Demographics. The city, which represents a single school district, is populated by a mea-
sure m + 1 of households. A measure 1 of households has one child in elementary school
(families). A measure m of households does not have children in the relevant age group
(the rest of households or ‘others’). Families are of type (w, a), where w is the household
income and a is the child’s skills. The joint distribution over family types is exogenously
given by φ(w, a). The rest of households have income wo with distribution φo(wo).

Geography. The city is two-dimensional and it is partitioned into N neighborhoods. With
a slight abuse of notation, we denote by n both a neighborhood and the location of its cen-
troid. Similarly, schools are denoted by s and each has a unique location in the city.

School Portfolios. In line with our empirical setting covering the Wake County Public
School System (WCPSS) each neighborhood n is associated with a portfolio of schools,
Ln. The school portfolio of neighborhood n includes three mutually exclusive subsets of
public schools and a subset of private schools. The first (singleton) subset consists of the
base school, denoted by Bn, which is the only school in the portfolio of the neighborhood
that provides both guaranteed admission and bus transportation. For later use, we de-
fine a catchment area Cs as the set of neighborhoods n that share the same base school s,
Cs = {n : Bn = {s}}. The second subset of public schools, denoted by Tn, does not guar-
antee admission but provides bus transportation to students enrolled. The third subset of
public schools does not guarantee admission nor they offer bus transportation from home
to school (NT n). We refer to the latter two sets of schools as option schools. The probability
of being admitted to an option school depends on a lottery system with admission prob-
ability denoted by ps, described below. Note that each school might belong to a different
set in different neighborhoods. For example, a school might be a base school for some
neighborhoods, an option school with transportation for some other neighborhoods, an
option school that does not provide transportation for yet another set of neighborhoods,
and outside the choice set for the rest of the city.

Children within a neighborhood can also enroll in the set of available private schools,
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Pn. While our primary focus is on public school attendance and composition, we intro-
duce private schools into the model to account for the possibility that families choose to
opt out of the public school system. For simplicity, we limit this set to one private school
per neighborhood–the closest to home–although multiple neighborhoods might share the
same private school. We denote by CPs the set of neighborhoods n that share the same pri-
vate school s, CPs = {n : Pn = {s}}. To summarize, the portfolio of schools available in
each neighborhood is Ln = {Bn ∪ Tn ∪NT n ∪ Pn}.

Public School Capacity and Admission Probability. Base schools are mandated to admit
students from their catchment area. Therefore, we assume that each school acting as base
has sufficient capacity to guarantee admission to all children residing in their catchment
area. This includes students who applied directly to their base schools and all children
who did not obtain admission through the application lottery to their preferred option
schools. Additionally, each school s provides a limited number of seats, denoted by qs,
to children for whom that school is an available option school given the neighborhood
where they reside, {n : s ∈ Tn ∪NT n}. If the number of applicants to school s exceeds
its capacity qs, applicants are rationed through a lottery that determines who is admitted.
Hence, the admission probability to school s for a child in neighborhood n is equal to
1 if s ∈ Bn, and to ps ≤ 1 if s ∈ {Tn ∪ NT n}. If children are not admitted to the op-
tion school they apply to, they can choose whether to enroll in their base or local private
school. Families can always choose to enroll their children in a private school (and being
admitted with probability one) without applying to any school in the public school sys-
tem.

Preferences over Schools. We divide the choice of neighborhood and school into two
sequential steps. This modeling decision is supported by the contextual information that
parents must have verifiable proof of residency before they apply to schools within the
neighborhood school portfolio. Conditional on living in a neighborhood n, families with
children endowed with skill level a obtain the following utility from attending public
school s ∈ Ln \ {Pn}

va,w,s|n = γa,w ln ās − κs,wτns + σSεs . (2.1)

Here, ās represents the average skills of children enrolled in school s, which is endoge-
nous to the school composition. Our assumption that demand for schools is a function of
peers is motivated by two main reasons. First, Abdulkadiroğlu et al. (2020) analyze appli-
cants’ rank-ordered choices and find that parents value schools that enroll high-achieving
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peers. Interestingly, other measures of “school effectiveness” and “match effects” do not
predict rank-ordered choices of families once school peer quality is controlled for.5 We
conduct a test in line with their approach utilizing our dataset. Although we do not di-
rectly observe rank-ordered choices of parents, our data includes house prices. Using the
econometric model detailed in Section 4, we exploit longitudinal changes in school at-
tendance boundaries to estimate the impact of changes in school peers on neighborhood
house prices. When we augment our specification with a measure of school value-added
estimated from test scores, we find the coefficient on such proxy for school effectiveness to
be small and statistically indistinguishable from zero, and the coefficient on school peers
to be unaffected. We interpret this result as evidence that parents prioritize the quality
of peers when evaluating schools over other measures of effectiveness. Second, we think
of our measure of school quality as the policy-relevant one, since other determinants of
school quality (e.g., good teachers) tend to be disproportionally attracted to schools with
a positively selected pool of children (e.g., Jackson, 2009).6 Hence, in our counterfactual
analysis, we interpret the endogenous changes in peer composition to account for both
the direct impact of peers on demand for schools and their effects on other components
of the educational production process.

The term κs,wτns denotes the disutility associated with commuting. The commut-
ing cost depends on the home-school road distance in miles τns, family income w, and
whether the school s provides bus transportation or not

κs,w =

{
κT,w if s ∈ Tn ∪ Bn

κNT,w if s ∈ NT n .

Finally, σSεs represents an idiosyncratic preference shock that follows a standard Ex-
treme Value Type 1 distribution. The parameter σS governs the dispersion of these pref-
erence shocks.

The value of attending a private school is instead defined by

va,w,Pn|n = γa,w ln āPn − κNT,wτnPn − χw,n + σPεPn , (2.2)

5The authors examine the New York City centralized high school assignment mechanism. Their em-
pirical model defines a potential outcome equation for the test score of a child attending a given school.
They use this model to conduct a decomposition exercise to analyze the observed variation in outcomes
across schools using three key terms: peer quality, school effectiveness (defined by school indicators), and
the match effect (defined by the interaction of school indicators with individual student characteristics).

6Our assumption that school quality is given by its childrens’ skill composition is shared with ample
previous work including Bayer et al. (2007), Epple and Romano (2003) and Avery and Pathak (2021), among
others.
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which is analogous to the value of attending a public school, with the exception of the
additional term χw,n accounting for the distinct valuation of private schools over public
schools based on family income. Throughout the paper, we will refer to this term as the
private school cost for families, which incorporates factors such as the monetary expense
of enrollment. In Wake County, the decision of private schools to offer transportation is
decentralized compared to the public school system, and we lack detailed geographical
data on individual private schools’ transportation provision. Nevertheless, given that the
vast majority of private schools do not offer transportation, we make the assumption that
none do.

Each family can apply to only one option school, taking the equilibrium admission
probabilities ps as given.7 Families applying to either their base or private school are
guaranteed admission. For those applying to option schools, admission for their chil-
dren is contingent upon winning the admission lottery. Families who are unsuccessful
receive a value v f allback

a,w|n ≡ max{va,w,Bn|n, va,w,Pn|n} from attending their preferred fallback
school. It follows that the expected value of the school portfolio accessible to families in
neighborhood n can be succinctly expressed as:

v̄a,w(Ln) = E{εs}

[
max
s∈Ln
{psva,w,s|n + (1− ps)v

f allback
a,w|n }

]
, (2.3)

where the expectation is taken with respect to the realization of idiosyncratic preferences,
unobserved at the time of choosing the neighborhood.8 We deem the expression in Equa-
tion 2.3 our measure of educational access, which is reminiscent of the commuter market
access in Ahlfeldt et al. (2015). Intuitively, a neighborhood has higher educational access
when there are many schools, with good peers, that are located close to it.

Housing Supply and Zoning Restrictions. Each neighborhood is characterized by in-
elastic total housing supply Hn, as well as by neighborhood-specific housing regulation

7Option schools at the elementary level in the WCPSS include calendar options and magnet programs
(see Appendix A.1 for details). Like in our model, families can apply to only one calendar option. As for
magnet programs, for half of our sample (and in all previous years until then) families submit an ordered
ranking of at most three options and are assigned via the Boston mechanism. As the Boston mechanism
gives higher priority to the school ranked first, and since for most schools in the WCPSS the number of
first-choice applicants exceeds the number of seats (Dur et al., 2018), most applicants are only considered
for admission to their first choice (or the base school as their outside option), rendering all choices ranked
below the first one irrelevant. Assignment during the last two years of our sample switched to Deferred
Acceptance (DA). Since families can only apply to five out of the 15-20 options in the average choice set, the
new mechanism retains strategic incentives, as in our model. For further discussion, see Appendix A.1.

8To avoid introducing additional notation, Equation (2.3) includes the trivial lottery in which a family
simply chooses their base or private school.
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(zoning).9 In neighborhoods where regulation is binding, houses must adhere to the min-
imum housing size stipulated by neighborhood-specific zoning restrictions, denoted by
hreg

n . Conversely, in neighborhoods without housing regulations, the size of a house can
be as small as h0, which we interpret as the minimum physical space necessary for habi-
tation.

Preferences over Neighborhoods. Families’ utility over neighborhoods is represented by
the following utility function:

va,w,n = uw,n + α0n + α1n log(w) + v̄a,w(Ln) + σNεn (2.4)

where
uw,n = max

c,h

(
1− β

β

)
ln
(

c
1− β

)
+ ln

(
h
β

)
(2.5)

represents utility from consumption of a numeraire good, c, and housing services, h. The
second and third terms in Equation 2.4 are the value of neighborhood amenities that are
common across households, α0n, and amenities that vary by family income, α1n log(w),
respectively. The term v̄a,w(Ln) is the expected value of the portfolio of schools associ-
ated with neighborhood n, described in Equation (2.3). Finally, the term σNεn represents
a neighborhood-specific taste shock, which is independent and identically distributed
across households and neighborhoods according to the Extreme Value Type 1 distribu-
tion. The parameter σN determines the dispersion of these shocks, which families observe
when choosing their neighborhood.

Families maximize utility subject to the following budget and housing constraints

ŵ = (1 + τ)w ≥ c + rnh

h ≥ hn = max{h0, hreg
n }.

(2.6)

where the price of c is normalized to one, while each unit of housing costs rn. Families
divide their income between consumption of the numeraire good and housing. The en-
dogenous transfer rate τ, which families take as given, originates from the land share of
total housing expenditures. Specifically, we assume that a fraction µ of housing expendi-
ture constitutes land rent, distributed proportionally to households’ non-housing income

9For simplicity, we abstract from neighborhood-specific housing supply elasticity. Incorporating how
the stock of housing responds to shifts in demand would alter the long-term housing market dynamics. We
conjecture that such addition would not alter our main conclusions given the moderate response of house
prices in our policy counterfactuals.
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w, while the complementary fraction represents the production cost of the structure.
Our neighborhood amenities likely represent a combination of both truly exogenous

amenities (e.g., parks, proximity to bodies of water) and potentially endogenous ameni-
ties that may evolve as the income composition of the neighborhood changes, indepen-
dently of the neighborhood’s school portfolio (Almagro and Domı́nguez-Iino, 2022). Dis-
entangling the relative importance of exogenous and endogenous amenities is challeng-
ing due to the need for variation in neighborhood composition that is independent from
the changes in school portfolios we exploit in our empirical analysis. If the desirability of
neighborhood amenities is positively linked to neighborhood income, as it is commonly
found in the literature (Diamond, 2016; Tsivanidis, 2019; Redding and Sturm, 2024), our
approach provides a conservative evaluation of the equilibrium effects resulting from the
endogenous sorting of households in response to the policies we analyze.

Preferences of the Rest of Households. The rest of households have the same preferences
and are subject to the same constraints as families, except for two differences. First, we al-
low exogenous amenities and preference shocks for a given neighborhood to be different
between families and the rest of households. This modeling choice aims to capture the
idea that these households may place different values on specific local amenities—such as
restaurants and gyms—compared to families with children in elementary school. Second,
the quality of the neighborhood schools does not directly affect the choice of the rest of
households. However, it is important to note that this does not imply that school quality
has no bearing on the equilibrium residential sorting of the rest of households. Given
that housing represents a rival service between families and the rest of households, the
endogenous school quality does impact equilibrium prices, thereby affecting the resulting
residential sorting of both groups. The resulting utility is then given by

vo
w,n = uw,n + αo

0n + αo
1n log(w) + σo

Nεn. (2.7)

where uw,n is as in Equation 2.5 and the superscript o denotes the rest of the households,
or others.

2.3 Equilibrium

Our spatial equilibrium follows naturally from aggregation of individual choices, which
in turn are functions of aggregate outcomes like house prices rn, school peers ās, admis-
sion probabilities ps, and the transfer rate from land income τ.
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Conditional on living in a given neighborhood, households choose how to allocate
their income between the numeraire good c and housing h. Due to minimum hous-
ing constraints, the housing demand is nonlinear in income, and it is given by hw,n =

max{βŵ/rn, hn}. The indirect utility from consumption is then equal to

uw,n =


1
β ln ŵ− ln rn if βŵ ≥ rnhn(

1−β
β

)
ln
(

ŵ−rnhn
1−β

)
+ ln

(
hn
β

)
if ŵ > rnhn > βŵ

−∞ otherwise.

(2.8)

For given house prices, more stringent zoning restrictions result in a higher fraction of
families that are either priced out of the neighborhood or forced to spend a higher share
of income on housing than they would like. The presence of zoning amplifies the contri-
bution of housing demand to neighborhood income sorting and it will play an important
role in our voucher counterfactual policy in Section 5.

Recall that the indirect utility over neighborhood n for families of type (a, w) is given
by

va,w,n = uw,n + α0n + α1n log(w) + v̄a,w(Ln).

Thanks to Extreme Value Type 1 idiosyncratic preferences, the measure of families living
in neighborhood n satisfies the canonical logit formulation

πn|a,w =
exp(va,w,n)

∑ñ exp(va,w,ñ)
.

Given their neighborhood of choice, families apply to schools according to the conditional
probability

πs|n,a,w = Pr
[
va,w,s|n ≥ va,w,s̃|n ∀s̃ ∈ Ln

]
and the probability is induced by the idiosyncratic preference shocks over schools.10 It
is then straightforward to compute the measure of families living in neighborhood n and
applying to school s

πs,n|a,w = πn|a,wπs|a,w,n.

10The absence of a closed-form expression for choice probabilities when agents choose the lottery that
maximizes their expected utility is a well-known feature of the empirical school choice literature. It escalates
the computational burden of solving and estimating the model, as the choice probability (here, πs|n,a,w)
needs to be recovered by simulations. See, for instance, Agarwal and Somaini (2018); Calsamiglia et al.
(2020); Luflade (2018); also see Agarwal and Somaini (2020) for a review of this literature.
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The indirect utility and choice probabilities for the rest of households are only defined
with respect to neighborhoods—not schools—and they are given by

vo
w,n = uw,n + αo

0n + αo
1n log(w)

πo
n|w =

exp(vo
w,n)

∑ñ exp(vo
w,ñ)

.

Building toward the definition of our aggregate equilibrium variables, we define the
following auxiliary variables. Let

πw,n = Σaπn|a,wφ(a, w) + mπo
n|wφo(w)

πs = Σa,wΣn/∈Cs∪CPs πs,n|a,wφ(a, w)

πattend
a,s =

{
Σw,n psπs,n|a,wφ(a, w) if s ∈ Tn ∪NT n

Σw,n

(
πs,n|a,w + π

f allback
s,n|a,w

)
φ(a, w) if s ∈ Bn ∪ Pn

be the measure of households of type w who live in neighborhood n, the measure of ap-
plicants to s as an option school, and the measure of children of type a who attend school
s, respectively. The first two variables are a straightforward aggregation of individual
choices. The third variable is a combination of individual choices and school lottery out-
comes. Specifically, for base and private schools, the measure of attendees must account
for the measure of children who turn to school s as a fallback school after losing the ad-
mission lottery to their preferred option,

π
f allback
s,n|a,w = ∑

s̃∈{Tn∪NTn}
πs̃,n|a,w(1− ps̃)I{v f allback

a,w|n = va,w,s|n}, s ∈ Bn ∪ Pn.

The market clearing condition for housing in neighborhood n reads

Hn = ∑
w

πw,nhw,n. (2.9)

and the transfer rate τ, proportional to housing expenditure, is then equal to

τ = µ
∑n rnHn

I
. (2.10)

where I is total income in the city (summing both families’ and the rest of households’).
Admission probabilities are either equal to 1, if the school has enough seats to accom-
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modate all applicants, or some value less than 1, if the school is oversubscribed. Formally,

ps = min
{

qs

πs
, 1
}

. (2.11)

Recall that such probability only applies to option schools for a given neighborhood. The
same school would provide guaranteed admission to children who reside in neighbor-
hoods for which that school acts as base. Similarly, private school admission is guaran-
teed to all those who apply—either as their first choice or after losing the lottery to access
an option.

Last, the quality of peers is given by the average skills of children that attend a certain
school,

ās = Es[a], (2.12)

where the expectation Es is taken with respect to the (conditional) distribution of children
of skills a who attend school s, πattend

a,s .
We are now ready to define an equilibrium for this economy.

Definition 1. An equilibrium for this economy is a set of choice probabilities for families, {πs,n|a,w},
and the rest of households, {πo

n|w}, house prices {rn}, school peers {ās}, admission probabilities
{ps}, and transfer rate {τ}, such that:

• The choice probabilities {πs,n|a,w} and {πo
n|w} are induced by (i) families’ solutions to the

school choice problem (2.3), and choice of consumption, housing, and neighborhood to maxi-
mize the objective function (2.4), subject to budget and minimum housing constraints (2.6);
and (ii) the rest of households’ maximization of the objective function (2.7), subject to budget
and minimum housing constraints (2.6);

• The housing markets clear (2.9), the admission probability is consistent with school capacity
and applications (2.11), and school composition is consistent with individual choices and
admission probabilities, (2.12);

• The transfer rate is consistent with the land share of housing expenditure as in (2.10).

3 Mapping the Model to the Data

Our empirical analysis focuses on Wake County, North Carolina, which serves as a natu-
ral setting to investigate our questions of interest for several reasons. First, it is covered
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by a single county-wide school district, the Wake County Public School System (WCPSS),
spanning approximately 850 square miles, which makes considerations about geograph-
ical access and transportation relevant. Second, the per-pupil expenditure is constant
across schools in the district. Third, several institutional changes regarding the bound-
aries of school catchment area and school transportation have occurred over the past two
decades, providing valuable variation for identification of the model parameters.

In this section, we describe our data sources, explain how the primitives of the model
are mapped to the data, and provide descriptive statistics for our sample. Further details
are reported in Section A.2.

3.1 Data Sources and Measurement

Our data come from several sources. Student-level data, which include school attended,
end-of-grade test scores in Reading and Mathematics from grade three to eight, econom-
ically disadvantaged status (henceforth ED, measured by eligibility for free or reduced-
price lunch), and residential address (until the 2016-17 school year), were obtained from
the North Carolina Education Research Data Center (NCERDC). Starting in 2013-14, these
data also document scores obtained at literacy assessments administered at the beginning
of the kindergarten year. We focus on children entering kindergarten between Fall 2013
and Fall 2016, the four cohorts for which both residential addresses and kindergarten test
scores are observed. To construct our measure of child skills (a), we aggregate kinder-
garten test scores into a unique index using Bartlett factor scores and standardize it by
cohort. We discretize the resulting index of skills into deciles to define children’s types,
a ∈ {a1, . . . , a10}. For each public school s, the number of seats reserved for option (as
opposed to base) students in year t (qst) is measured as follows. If s is oversubscribed in
year t, then qst is set to the count of kindergarten students attending s as an option in that
year. If it is not, then qst is set to the average number of kindergarten students attending
s as an option in the years it is oversubscribed.11

The Wake County Public School System (WCPSS) provided yearly data showing the
assignment of residential addresses to base schools and menus of options, as well as the
availability of school transportation between each address and each option school. We ex-
ploit such institutional design of the public school system to define neighborhoods in our
city. Specifically, a neighborhood n is the set of all contiguous addresses that share, in all

11While we do not observe individual applications, school-level information provided by the WCPSS
indicates whether option schools are oversubscribed.
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four school years in our sample, the same sets of base, option schools, and transportation
availability–that is, the same portfolio of public schools. Figure A-4 shows the partition
of Wake County into neighborhoods obtained with this definition, as well as 2010 Census
tracts for comparison.

We combine several publicly available datasets to build neighborhood characteris-
tics.12 House prices are measured from the Wake County Real Estate Records, which
contain all real estate transactions in the county since 1956. We use the average price per
square foot observed in neighborhood n in year t as our measure of neighborhood-level
house prices (rnt). Information on the minimum lot size (MLS) in each neighborhood is
obtained by collecting and standardizing zoning regulation data from the county and the
twelve distinct municipalities and unincorporated areas in charge of regulating different
land areas within Wake County. In the model, we assume households choose house size,
rather than lot size, so we map our constructed neighborhood-level measure of MLS re-
strictions (mlsn) into a minimum available house size (hreg

n ). Regressing observed house
sizes (in square feet) on mlsn (in acres) yields the mapping: hn = 641 + 892×mlsn. From
this mapping, we derive the minimum house size in the absence of any housing regula-
tion, h0 = 641, and hreg

n = hnI{mlsn > 0}.
Because the NCERDC data provides information about children’s ED status, rather

than family income, we use the American Community Survey (ACS) five-year estimates
(2013-17) to measure income for families and other households. We aggregate the sixteen
income brackets provided by the ACS to define ten discrete household income types,
w ∈ {w1, . . . , w10}.13 Mapping our neighborhoods to 2010 Census tracts, we use tract-
level information from the ACS to obtain the distribution of the other households’ types
(φo(w)) as well as their sorting across neighborhoods (πo

n|w). We also use this mapping of
neighborhoods to census tracts to combine information from the ACS and the NCERDC
and construct the joint distribution of family types (φ(w, a)) and their sorting across
neighborhoods (πn|a,w). Namely, we derive the distribution of family income conditional
on residential neighborhood and ED status from the ACS, which we then combine with
the distribution of children skills conditional on residential neighborhood and ED status
available in the NCERDC. See Appendix A.2.3 for the exact details of the construction of
all neighborhood-level characteristics.

12See Appendix A.2.3 for the links to these datasets.
13See Appendix A.2.3 for details. To map the ten income types to the ED measure available in the

NCERDC, we assign the lower four types to be ED (that is, with gross family income in the past 12 months
below $50,000 in 2017 dollars). For reference, the eligibility thresholds for the school year 2017-2018 for
reduced-price lunch were $45,510 annual income for a household of four.
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Finally, we use the bi-annual National Center for Education Statistics (NCES) Private
School Survey for years 2013, 2015, and 2017 for information about the location of private
schools in Wake County. For each neighborhood n, we let the private school associated to
the neighborhood (Pn) be the nearest private school to the neighborhood centroid. We use
Public Use Microdata Area (PUMA)-level information from the the ACS (2013–17) to con-
struct for each of the eight PUMAs constituting Wake County, the share of kindergartners
attending private school by ED status in our sample period.

3.2 Final sample

Our final sample consists of 34,428 students across four kindergarten cohorts.14 Detailed
descriptive statistics about the samples of schools, students, and neighborhoods are re-
ported in Table A-3. Thirty-five percent of students in the sample qualify as ED. The
average skill gap between ED and non-ED students is equal to 86 percent of a standard
deviation of the log-skills distribution (average log-skills of −0.56 for ED versus 0.30 for
non-ED students). About 75 percent of students attend their base school.

There are 111 public elementary schools in our sample. While all 111 schools are base
schools, 76 (85 percent) are also option schools for some neighborhoods. Most option
schools are oversubscribed. The share of ED students ranges from zero to ninety percent
across schools, with a mean of 0.39 and a standard deviation of 0.22. In addition, between
2013–14 and 2016–17, 49 private schools offered kindergarten, enrolling on average 1,431
kindergartners per year.15

The final partition of Wake County into our 312 neighborhoods, with the 2010 Census
tracts boundaries for comparison, is shown in Figure A-4. Figure 1 shows the geogra-
phy of neighborhood income and public school peers quality. The two geographies align
notably well—higher-income neighborhoods and schools with higher-skilled peers are
located in the west and in some of the center of the county, while lower-income neighbor-
hoods and schools with lower-quality peers can be found downtown and in the eastern
part of county. Average house prices follow a very similar pattern (see Figure A-5(a)). Fi-

14We drop student observations for which school attended, address, kindergarten literacy assessments,
or ED status is missing. We also exclude from the sample students attending a school outside the menu of
schools attached to their residential address. Students may attend schools outside of the choice set attached
to their residential address for multiple reasons. For instance, they may attend the same school as an older
sibling (which was a part of the choice set in the past) or they may attend a school at which one of their
parents is employed.

15Source: https://ncadmin.nc.gov/public/private-school-information/state-north-carolin
a-private-grade-k-12-school-statistics for private schools. Traditional public schools enrolled an
average of 11,998 kindergartners a year over that period (https://www.wcpss.net/domain/100).
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Figure 1: Geography of School Quality and Neighborhood Income

(a) Public school peers quality (b) Neighborhood income

Each map in this figure shows Wake County, NC. The left map shows peer quality for each school in
the sample. Our measure of peer quality is average (standardized) kindergarten literacy assessment
score (source: NCERDC, Spring 2014 to Spring 2017). The peer quality thresholds used to determine the
colors of the dots represent the quartiles of the distribution of school peer quality in the sample. The
right map shows average household income by neighborhood (source: ACS five-year estimates 2013–
17). The income thresholds used to determine the colors of the neighborhoods represent the quartiles
of the distribution of average neighborhood income in the sample. Areas left uncolored are out of our
sample and essentially non-residential.

nally, zoning regulations are mapped in Figure A-5(b). There is significant heterogeneity
in MLS regulations across neighborhoods and higher-density neighborhoods are concen-
trated in the urban center of the county, that is, the city of Raleigh. Accordingly, there
is significant variation in average house size across neighborhoods (mean of 882 square
feet, standard deviation of 252 square feet).

On average, each neighborhood is associated with a choice set of 17 option schools
in addition to its base. Option schools tend to be much farther away from the neighbor-
hood than the base is (11 versus 3.7 miles on average). Twenty-three percent of neighbor-
hoods experienced a change in base school over the sample period; all of them experi-
enced a change in eligibility and/or transportation to some option school. As explained
in the next section, these types of institutional changes are useful for the identification
of families’ valuation of school attributes. It has been well-established in the literature
that, regarding changes in catchment areas in Wake County, “the selection of any given
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[neighborhood] for reassignment was, conditional on observable traits of the [neighbor-
hood], essentially random and not manipulable or anticipated by [neighborhood] resi-
dents” (Hill et al., 2023, p. 7). While this quote is suggestive of the quasi-randomness
in the re-design of catchment areas, we perform a formal statistical test and fail to reject
the null hypothesis that changes in catchment areas are uncorrelated with pre-trends in
house prices at the neighborhood level. That is, the redrawing of school boundaries does
not occur in a systematic way within neighborhoods experiencing either notably higher
or lower price trends (see Appendix A.1.2). The reasons underlying changes in trans-
portation provision are not as well documented in the literature. To alleviate concerns
about the endogeneity of these changes, we perform a similar statistical test as we do for
changes in school catchment areas. Also in this case, we fail to reject the null hypothesis
that the changes in transportation provision are uncorrelated with pre-existing trends in
within-neighborhood school enrollment shares.

4 Model Identification and Estimation

We estimate the model using the Simulated Method of Moments (SMM). We recover the
following parameters: preferences for school peers γa,w, commuting costs (κT,w, κNT,w),
neighborhood amenities for families and other households, (α0n,α1n) and (αo

0n, αo
1n) re-

spectively, cost of attending a private school χw,n, and the variance of preference shocks
(σN, σS, σP). We additionally obtain a model-implied measure of housing supply, denoted
as Hn. While we emphasize that there is no one-to-one mapping between parameters and
moments, we offer an intuitive argument of how each parameter is identified based on
the selected moments. Detailed information regarding the moments computation is avail-
able in Appendix C. We report asymptotic standard errors for the structural estimates
computed via the delta method.

4.1 Identification

Preferences for School Quality. We let preferences over school peers vary with skill type
a and ED status, hence we estimate two vectors of parameters, {γa,ED} and {γa,non-ED},
with a ∈ {a1, . . . , a10} . These parameters are identified by two main types of variation.
First, we estimate how house prices vary with changes in peer quality induced by the re-
drawing of school catchment areas. Unlike previous literature that mostly utilizes cross-
sectional variation across school boundaries (see for example Black, 1999; Bayer et al.,
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2007), we instead leverage longitudinal variation resulting from policy-induced changes
in boundaries within the same neighborhood. If parents value peer quality, an increase in
the quality of their base school should trigger an increase in the demand for local housing,
hence an increase in house prices. This type of variation is more robust to potential biases
arising from sorting into neighborhoods, since cross-sectional variation might confound
differences in school service provision between the two neighborhoods along the catch-
ment area boundary, with unobserved heterogeneity in preferences among individuals
residing on each side of the boundary.16

Second, the average peer composition across schools attended by families of given
skill-income type is informative of the heterogeneity in preferences for school peers. Het-
erogeneous γ’s can potentially increase or decrease the extent of school sorting with re-
spect to the level induced by neighborhood sorting and home-school distance only–both
of which we discuss below. Intuitively, house prices allow us to identify the absolute
valuation of school peer quality (vs other neighborhood amenities, for instance), while
school composition identifies the relative valuation of school peer quality across family
types.

Starting from the identifying moment, we estimate the impact of peer quality on house
prices, both in the data and in the model, using the following regression:

∆n ln rn,t = β1∆n ln āCBn ,t,t + δt + ∆nεn,t , (4.1)

where ∆n ln rn,t represents the within-neighborhood log-change in average house prices
and ∆n ln āCBn ,t,t is the policy-induced change in the quality of the catchment area asso-
ciated to school Bn for two consecutive cohorts of kindergarten children in t − 1 and t.
Recall the definition of the catchment area of school s, Cs,t ≡ {n|Bn = s in school year t}.
Formally:

∆n ln āCBn ,t,t = ln ̂̄aCBn ,t,t−1 − ln āCBn ,t−1,t−1 . (4.2)

The variable ̂̄aCBn ,t,t−1 is the mean test score of children who were living in period t− 1 in
the catchment area of neighborhood n’s base school at time t. That is, ̂̄aCBn ,t,t−1 captures
the hypothetical composition of CBn,t,t if families’ residential locations was the same as
at time t − 1. The variable ∆n ln āCBn ,t,t then measures the change in the composition of

16Kuminoff and Pope (2014) highlight how exploiting longitudinal variation in school boundaries over
extended periods requires assuming that the estimated hedonic price model is time-invariant. We believe
this concern to be less relevant in our case as our panel data covers a relatively short period, spanning
four school years. We replicate the same regression in our structural model, in which we also assume that
individual preferences remain fixed throughout the period of analysis.
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a base school potential attendees, from one cohort of kindergarten children to the next,
induced only by changes in the boundaries of the catchment area, holding everything else
(in particular residential choices) constant.

The parameter of interest is β1, which we interpret as the average responsiveness of
house prices to changes in catchment area quality. House prices may be affected by a
change in catchment area through two channels. They may respond to the direct policy-
induced changes in the pool of potential school peers within the catchment area. They
may also adjust due to endogenous changes in the skill composition of the neighbor-
hood, as families change their residential choices in response to the policy. The variable
∆n ln āCBn ,t,t allows us to isolate the former channel. Our preferred estimate of β1 is 0.092
(see Column (2) in appendix Table B-1), implying that an increase of 10 percent in school
quality translates into a one-percent increase in house prices.17

The other 19 moments we use for the estimation of {γa,ED} and {γa,non-ED} are, for
each skill level a, the difference between the average peer composition of schools at-
tended by type-(a, ED) (resp. (a, non-ED)) children and the average peer composition
of schools attended by type-(a1, ED) children. We adopt this approach as the overall skill
distribution in the district is fixed and therefore only the relative school peer composition
is informative about the extent of preference heterogeneity. The level of preferences for
school peers is then pinned down by matching the estimate of β1 described above.

Commuting Cost. We allow the disutility from commuting to vary by family ED status
and school transportation provision. That is, we estimate the per-mile utility loss from
commuting to the base school or to an option school with busing, (κT,ED, κT,non-ED), and
the utility loss from commuting to an option school without busing or to a private school,
(κNT,ED, κNT,non-ED). For each ED-status group, we target the average distance traveled
to school conditional on attending an option school that either provides or does not pro-
vide transportation. Lower values of the parameter κ imply a smaller role for distance in

17As outlined in Section 2.2, when we expand the regression presented in Equation (4.1) to incorporate
variations in school quality not due to peers by adding a measure of school value added, our findings indi-
cate that, while the estimates for peer quality β1 remain unchanged, variation in the value added resulting
from the assignment of the neighborhood to a different base school do not affect house prices. School value
added As is computed via a standard school value added model where As is given by the school fixed
effect in a regression of children’s 3rd-grade test scores on the child’s kindergarten test score and average
kindergarten peer test scores. The augmented model is:

∆n ln rn,t = β1∆n ln āCBn ,t ,t + β2∆n ABn,t + δt + ∆nεn,t ,

where ∆n ABn,t represents the changes in school value added induced by changes in the assigned base school
for different cohorts in neighborhood n. The coefficient β2 of school value added in this augmented model
is equal to 0.016 with a standard error of 0.025.
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determining school choice and–all else equal–longer commutes.
As one of our counterfactual policies involves expanding the set of option schools that

provide transportation, we exploit similar longitudinal variation in the data to investi-
gate the extent to which the model replicates the observed changes in school attendance.
Specifically, our focus is on examining the within-neighborhood longitudinal changes in
transportation availability and on how that impacts attendance at option schools. Table
B-2 and Table B-3 in Appendix B.2 show estimates obtained from the data and from the
model, respectively. The model matches the data very well. In particular, the model is
able to quantitatively replicate the increase in attendance to schools that introduce trans-
portation provision, with a decreasing effect the further the school is from home.

Idiosyncratic School Preferences. The parameter that governs the dispersion of idiosyn-
cratic preferences for schools, denoted by σS, is identified by the residual dispersion in
public school choice. Our target moment is the standard deviation of within-neighborhood
and school year enrollment rates across public schools, averaged across neighborhoods
and school years. Intuitively, the higher the value of σS the more equal the shares, as ob-
servable differences between schools (i.e. peer composition and distance) play a smaller
role in school choice.

Private School Valuations and Idiosyncratic Preferences. Our parsimonious treatment
of private schools is dictated by the lack of individual-level data on children attending
them. Shares (by ED status) of children attending private school are only observed at
the PUMA level. We map neighborhoods to the PUMA they belong to, let χ vary at the
PUMA level, rather than at neighborhood level, and choose the values of χED,PUMA and
χnon-ED,PUMA that allow the model to replicate those attendance shares. Using data from
the WCPSS in the school year 2015-2016, Dur et al. (2022) find that applicants who lose the
option school lottery are 10 percentage points less likely to enroll in public schools than
those winning the lottery. We set σP to match the same moment in our model. For given
share of children enrolled in private schools, higher values of σP increase the likelihood
that families choose private schools upfront rather than after losing a public option lottery.

Neighborhoods: Amenities, Housing Supply, Idiosyncratic Preferences. The neighbor-
hood amenities are set to replicate the share and average income of families and the rest of
households that live in each neighborhood. The parameters α0n and αo

0n capture the com-
mon valuation for neighborhood n, while α1n and αo

1n let neighborhood preferences vary
systematically with household income–after accounting for observable neighborhood at-
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tributes like school quality, house prices, and zoning restrictions.
To identify the dispersion in idiosyncratic neighborhood preferences (σN), we use

empirical findings from the Moving to Opportunity (MTO) experiment in Galiani et al.
(2015). We replicate the MTO experiment within our model, where we proxy poverty
rates with ED status available in our school administrative data. Poor families living in
neighborhoods with more than 40 percent of poor households at baseline are offered a
housing voucher equal to the 40th percentile of the rent distribution in Wake County,
which they can use if they choose to live in a neighborhood where the share of ED house-
hold is below 40 percent. The value of σN is then chosen to replicate the take-up rate of 63
percent reported by Galiani et al. (2015).18 Interestingly, we observe that families utilizing
the voucher opt to relocate to neighborhoods with an average ED share of 25 percent, a
figure closely resembling the 19 percent reported by Galiani et al. (2015).19

We further investigate the ability of the model to account for the heterogeneous res-
idential responses of families to changes in neighborhood compositions following the
redesign of catchment areas. We do so by estimating a version of Equation 4.1, wherein
the change in prices on the left-hand side is replaced by the change in the share of ED
families residing in the neighborhood. It is important to note that the right-hand side
variable reflects the change in the composition of the catchment area of a neighborhood’s
base school induced solely by the redesign of its boundaries, excluding the subsequent
changes in residential sorting, which is the focal point of the present analysis. The es-
timated impact in the data is equal to −0.13 and is significant at the 5% level, showing
that non-ED families exhibit greater elasticity in residential responses to improvements
in the skill composition of their catchment areas compared to ED families. Interestingly,
the empirical estimate is closely replicated by the model, with a value of −0.15.

Finally, we assume that housing supply takes the form ln Hn,t = ln Hn + ln Ht. The
parameter Hn is informed by the average price in each neighborhood across years, while
Ht determines the average price across neighborhoods in each given year. A key property
of this specification is that housing supply does not vary systematically across neighbor-
hoods over our years of analysis. Hence, this specification is consistent with our reduced-
form regression 4.1, which exploits the differential effect on house prices of changes in

18Since we adopt a parsimonious specification for amenities and we model rich income heterogeneity,
dispersion in idiosyncratic neighborhood preferences could in principle be identified from cross-sectional
variation in choice shares, along the lines of the identification of σS. We believe that our current strategy,
based on experimental evidence, does not rely excessively on our parametric assumptions and the granu-
larity of the income distribution we observe.

19We set σo
N = σN for simplicity. We have experimented with alternative values of σo

N and found negligi-
ble differences in outcomes once (αo

0n, αo
1n) are re-estimated as well.
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school boundaries to identify preference for school quality. We believe this assumption
to be reasonable in our setting, considering the short time span between the re-design of
catchment areas and the start of the school year. Furthermore, we expect that violations
of this assumption would likely result in an increase in housing supply in neighborhoods
benefiting from an improvement in the composition of their catchment area, making our
estimates of the valuation for peers a conservative lower bound.

4.2 Estimation Results

Estimates for the parameters governing the valuation of school peer composition, com-
muting costs, and the scale of idiosyncratic preferences are shown in Table 1. Estimates
for neighborhood amenities and private school valuations are shown in Figures C-1 and
C-2.

We find the valuation for school peers to be increasing in the children’s own skills.
Such increase is much steeper for high-income than for low-income families. One inter-
pretation for this result is that children’s skills in kindergarten reflect children’s innate
ability. Moreover, parents–particularly those with higher incomes–may place greater im-
portance on the quality of their child’s school peers according to their child’s inherent
abilities, resulting in the estimated positive correlation between preferences and skills. An
alternative explanation posits that the heterogeneity in skills arises from unequal parental
investments during the early stages of children’s lives. Parents who prioritize the quality
of kindergarten school peers might be those who invested in their children’s skills early
on, thus generating the observed positive correlation between γ’s and our measure of
skills (Heckman and Mosso, 2014). It is easy to imagine that both initial conditions and
endogenous investments in early life contribute to the realized heterogeneity in skill en-
dowments upon entering kindergarten. However, assessing the relevance of each, while
certainly valuable, is beyond the scope of this paper.

Turning to commuting costs, our estimates indicates that families value the provision
of school transportation. The marginal cost of commuting an extra mile to schools without
access to school transportation is more than double the marginal cost with transportation.
We emphasize that attending schools located far away from home is costly even when
transportation is provided. Families may have various reasons for disliking distance,
including the necessity to wake up their children earlier in the morning and the increased
inconveniences associated with accidents or sickness episodes while at school. Finally,
the marginal cost of commuting varies by family income, with lower-income families
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Table 1: Estimated Parameters

Peer Quality Valuation γa1 γa2 γa3 γa4 γa5 γa6 γa7 γa8 γa9 γa10

ED Families 0.57 0.51 0.51 0.61 0.72 0.82 0.85 0.79 1.00 1.36
(0.22) (0.21) (0.21) (0.22) (0.22) (0.23) (0.23) (0.24) (0.26) (0.30)

Non-ED Families 0.43 0.68 0.77 0.96 1.06 1.19 1.30 1.57 1.94 2.82
(0.18) (0.21) (0.22) (0.24) (0.25) (0.27) (0.29) (0.32) (0.35) (0.43)

Commuting Cost κNT κT

ED Families 0.12 0.05
(0.006) (0.003)

Non-ED Families 0.08 0.03
(0.005) (0.002)

Dispersion Parameter of Shocks σN σS σP

All Families 1.08 0.23 0.61
(0.12) (0.02) (0.12)

The table shows estimates for preferences over peer quality, commuting cost, and dispersion parameters for utility shocks over neigh-
borhoods, public schools, and private schools. Standard errors are reported in parentheses.

experiencing a higher cost of commuting per mile traveled to school.
Preferences for neighborhoods are determined by income-specific amenities and id-

iosyncratic shocks. Figure C-1 displays the geographic distribution of estimated ameni-
ties for the average ED and non-ED family. We highlight two features of our estimates.
First, regardless of ED status, there exists a considerable dispersion in preferences for
neighborhood amenities. Second, non-ED families exhibit a pronounced preference for
neighborhoods located in the western part of Wake County, where high-quality schools
are also located. Conversely, preferences among ED families appear to be less spatially
concentrated.

As shown in Table 1, we also find that that the variance for idiosyncratic preferences
for neighborhoods is larger than for schools (1.08, as compared to 0.23 and 0.61 for public
and private schools, respectively). This is consistent with the many reasons for which the
attractiveness of neighborhoods may be vary idiosyncratically across households, like
proximity to the parents’ workplace or to the children’s grandparents.

Finally, Figure C-2 in Appendix shows the estimates for the utility from attending a
private school, χ. Unsurprisingly, all our estimates are negative, indicating that all else
equal families would prefer to attend a public school. Although heterogeneous by ED
status, the estimated PUMA-level private-school disutility parameters closely match the
average private-school tuition in each PUMA in Figure C-3. In addition, we estimate
the variance of idiosyncratic preferences for private schools to be larger than for public
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Table 2: Compensated Variation

25th percentile child skills 75th percentile child skills
ED families Non-ED families ED families Non-ED families

2017$ EQUIVALENT

Peer quality increases by 10% of std 85 478 150 920
Dist. to schools decreases by 1 mile 263 545 291 519
Transportation to all options 260 511 238 326
Cost of Private School down by 10% 35 255 47 561
The table shows the compensating variation in house prices ($) required to keep families indifferent following the change
outlined in the leftmost column, while holding everything else constant. The four columns of the table report the compensated
variation as a function of family income (qualifying as ED or not) and the child’s skills (25th and 75 percentiles of the skill
distribution).

schools (0.61 vs. 0.23 in Table 1), which is expected since our model does not consider po-
tentially important factors influencing private school choice, such as religious affiliation.

Interpreting the Estimates. To better assess the magnitude of the estimated parameters,
Table 2 shows the dollar amounts different types of families would be willing to pay
for changes in peer quality, distance to school, transportation provision, or the cost of
attending private schools. We show our results for ED- and non-ED families and for the
25th and 75th percentile of the skill distribution within ED status, which correspond to
the 2nd (4th) and 6th (9th) decile of the overall skill distribution for ED (Non-ED) families.

The first row reflects the gradient in families’ school valuation with respect to their
child’s skills found in Table 1. High-income families with a high-skilled child are willing
to pay about twice as much for an increase in school quality by 10 percent of a standard
deviation as high-income families with a child with lower skills ($920 vs $478). The gra-
dient is still present for low-income families albeit less steep and at lower scale, as their
willingness to pay for the same change ranges from $85 to $150 as children skills increase
from the 25th to 75th percentile of distribution.

Comparing the compensated variation results in Table 2 for distance (second row) and
bus transportation (third row) with the compensated variation for peers helps understand
the relative value families place on shorter commutes and transportation provision with
respect to school quality. Non-ED families with children of lower skill levels assign a
similar value to reducing their school commute by one mile or obtaining school trans-
portation for option schools as they do to having a better peer composition by 10 percent
of a standard deviation. However, the importance of peers increases significantly, dou-
bling or even tripling when compared with distance and transportation provision, for
families with higher-skilled children. Economically-disadvantaged families consistently
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prioritize commuting distance and school transportation provision over school peer qual-
ity. Their willingness to pay for reducing distance to school is two to three times greater
than their willingness to pay for peer quality.

Families also exhibit significant heterogeneity in their willingness to pay for neigh-
borhood amenities and private schools. Using our estimates we convert the dispersion
in valuation for amenities displayed in Figure C-1 into their dollar value. We find that
moving from the 25th to the 75th percentile of the distribution of neighborhood amenity
is valued approximately $9, 700 and $43, 800 for ED and non-ED families, respectively. In
both cases, these estimated values represent about forty percent of their income. Concern-
ing private schools, the willingness to pay ranges from $35 to $561, reflecting heteroge-
neous preferences over private education, denoted by χ. While this parameter captures
both the monetary and non-monetary costs of attending private schools, our estimate
aligns closely with the observed level of private school tuitions. The primary source of
this heterogeneity in willingness to pay for private schools appears to stem from income
differences rather than heterogeneity in children’s skills.

5 Policy Counterfactuals

Our model estimates shed light on key determinants of residential and school choice. Het-
erogeneous parental preferences for exogenous and endogenous (i.e., educational access)
neighborhood amenities, coupled with zoning regulations, generate the observed neigh-
borhood income segregation. The existence of neighborhood-specific school catchment
areas and the unequal provision of school transportation across neighborhoods translate
residential segregation into school segregation.

In this section, we investigate the aggregate and distributional impact of two of the
most debated policies aimed at addressing inequality of educational access in the United
States. We first consider a place-based policy that expands school choice for lower-income
neighborhoods by including in their choice set schools with higher-skilled peers, which
are mostly located in high-income neighborhoods. We then turn to a people-based policy
that offers housing vouchers to low-income families willing to live in the catchment area
of those same high quality schools, that is, in neighborhoods for which those schools are
base schools.

Before proceeding further with the description of the policies and the presentation of
our results, we briefly introduce the metric we adopt in order to evaluate the impact of
these policies on aggregate welfare and on each of its determinants. We quantify the effect
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of the policies on family welfare as the equivalent variation in units of annual income.
Specifically, let ∆Vi be the change in value for agent i and λi be family i’s marginal utility
of income. The welfare impact of the policy is then equal to

∆W =∑
i

∆Vi

λi
. (5.1)

Computing the welfare impact of the policy is not only of obvious interest in its own right,
but it provides a natural way to measure the impact of the policies on various individual
outcomes in a common unit.

In addition, we break down ∆Vi into its various determinants: peers, commuting, un-
observed preferences for public schools, unobserved preferences for private schools, ex-
ogenous neighborhood amenities, and consumption (both numeraire and housing). We
emphasize that due to the lottery-based admission process for option schools, the contri-
bution to welfare from school-specific variables reflects the probability distribution over
the school ultimately attended by the child in family i. In Appendix D.1, we present the
mathematical formulation for the breakdown of ∆Vi into its determinants.

We apply our counterfactual policies to the institutional environment of the 2015-2016
school year, for which we have direct estimates of the probability of choosing a private
school after losing the lottery to option schools. Implementing the same policies in any
of the other school years in our sample delivers very similar results. Last, we report our
welfare analysis only for families. The rest of households are affected by the policy only
via its impact on house prices, delivering an average welfare change that is two orders of
magnitude smaller than the one experienced by families.

5.1 Expanding School Choice

Over the past few decades, there has been extensive discussion surrounding school-
choice policies which aim to uncouple residential location from school assignments (Ep-
ple and Romano, 2003; Cullen et al., 2006; Hastings and Weinstein, 2008; Deming et al.,
2014). In our analysis, we expand the school choice set for the lowest-income neighbor-
hoods in the city and include, as options with school transportation, the schools with the
highest skill composition. We investigate the aggregate and distributional consequences
of this policy, with a particular emphasis on how such policy affects the composition of
peers for families with different income and residential location in the city.

Policy Design. We identify the 40 schools with the best peer composition at baseline. We
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Figure 2: School Choice Expansion Policy

The figure shows the locations of the sending neighborhoods
(green areas) and receiving schools (red dots) involved in the
school choice expansion policy.

refer to these schools—and to the neighborhoods in their catchment areas—as receiving.
We add these receiving schools to the school portfolio of neighborhoods with the high-
est shares of ED families in the county—above 60 percent. We refer to these as sending
neighborhoods.20 To accommodate the increase in eligible option students, each receiv-
ing school is endowed with a number of additional option seats equal to ten percent of its
baseline capacity. In cases where a school receives more applications than it has available
option seats, these seats are allocated via a lottery, as described in the model. So as to keep
the aggregate number of option seats constant in the county, we decrease the number of
option seats in each non-receiving school by 25 percent.

The spatial distribution of sending neighborhoods and receiving schools is shown in
Figure 2. Sending neighborhoods are located in the eastern and center parts of the county
while receiving schools tend to be in the western side. This spatial division between West
and East maps closely to the income distribution shown in Wake County, as shown in
Figure 1.

Results. We obtain two main results. First, while the initial goal of the policy is to allow
lower-income children to attend schools with better peers, ED families experience virtu-

20A few lower-income neighborhoods in center city have one of the receiving school as base at baseline.
These neighborhoods are not included in the sending group despite their large share of ED families because
their choice set of schools is not changed by the policy. A few receiving schools are already in the choice
set of some sending neighborhoods at baseline as options; in this case, transportation is added if it is not
available at baseline.
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Table 3: Heterogeneity among ED Families and Baseline Neighborhood Choices

Neighborhood chosen at baseline
Receiving Sending Other

Average share of ED families 17 73 33
Average house price for ED fam. (per sqft) 8.85 6.42 7.86
Average child skills cond. on ED 1.03 0.89 0.98

The table shows the average share of ED families among residents of receiving, sending, and
other neighborhoods at baseline. It also reports the average children skills among ED families
conditional on their baseline neighborhood choice, as well as the average house price they pay
(per square foot) at baseline.

ally no change in peer composition on average. Second, the policy has heterogeneous
welfare effects not only across income groups, but also within the set of low-income fam-
ilies, according to the family’s location within the city.

Figure 3 shows the impact of the policy on welfare (black bars) and on its determinants
(colored bars), as detailed in Equation (D-1), for different sets of families. Figure 3(a)
shows the average welfare gains across all families and by ED status. The policy induces
an average welfare loss of $450 per family (left panel). Losses are particularly large for
non-ED families (−$721, right panel) while ED families on average benefit by a small
amount (+$73, center panel). Remarkably, changes in peer quality account for virtually
none of the welfare gains experienced by ED families (middle red bar).

The average outcome masks significant heterogeneity among ED families, in particu-
lar as a function of their location choice in the baseline equilibrium. By design of the pol-
icy, ED families represent the majority of residents in sending neighborhoods. Nonethe-
less, ED families are also present in receiving neighborhoods at baseline, comprising 17
percent of the receiving population. As detailed in Table 3, these families spend more in
housing to access higher-quality base schools for their children and are positively selected
in terms of their children’s skills, especially compared to ED families choosing sending
neighborhoods at baseline.

Figure 3(b) shows how such heterogeneity in sorting across neighborhoods maps into
unequal welfare changes for three distinct subsets of ED families—ED families residing
in receiving neighborhoods at baseline (”ED receivers”); ED families residing in sending
neighborhoods at baseline and who apply to a receiving school after the school choice
expansion (”ED compliers”); and all other ED families.

On the one hand, as one would expect, ED compliers experience a sizeable increase in
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Figure 3: Decomposition of Welfare Effects for the School Choice Policy

(a) Decomposition for all families, and by ED status
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(b) Decomposition for a partition of ED families

ED Receivers (22%) ED Compliers (24%) All Other ED Families (54%)

−500

0

500

1,000

W
el

fa
re

G
ai

n
in

$2
01

7

Total Peers Unobs. pref. (public) Commute Unobs. pref. (private) Exog. amen. Consump.

The top chart illustrates the welfare changes induced by the school choice expansion policy for all families
(left), ED families (center), and non-ED families (right). The bottom chart illustrates the welfare changes
induced by the school choice expansion policy for a partition of ED families—those who live in receiving
neighborhoods at baseline (or Receivers for short, left), those who live in sending neighborhoods at baseline
and are induced by the policy to apply to receiving schools (Compliers, center), and all other ED families
(right). For each set of families, the first bar on the left (black) shows the total average change in welfare
resulting from the policy. The second to seventh (colored) bars show the decomposition of this average
welfare change into the changes induced by the policy in the following determinants of family utility (from
left to right): school peers (ā), idiosyncratic preference received from attending a public school if doing so
(σSεs), commuting costs (τ), net value from attending a private school if doing so (χw,n + σPεPn ), exoge-
nous neighborhood amenities (α0n + α1n log(w) + σNεn), and value from consumption (uw,n). The formal
decomposition of welfare into its components is shown in Equation D-1.
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Table 4: Outcomes of the School Choice Policy for Receiving Families

Non-ED Receivers ED Receivers

Change in average school peers (% std) −11 −38
Change in share attending private school (pp) 5.0 1.1
Share locating outside receiving nbhds (%) 5.7 7.7

The tables shows how the school choice expansion policy affects attended school quality, private
school attendance, and residential choice for families living in receiving neighborhoods at baseline,
by ED status.

welfare, primarily coming from access to public schools with better peers and for which
they have a stronger idiosyncratic preference (due the increase in the size of their choice
set). However, the costs associated with the longer commute to receiving schools (aver-
aging +3.14 miles) eliminates almost half of the welfare gains experienced by compliers.21

On the other hand, ED families who live in receiving neighborhoods at baseline experi-
ence a net welfare loss that originates from the significant decline in their average school
peer composition after the inflow of new children. In that respect, ED receivers fare more
similarly to the average non-ED family than to target ED families. In fact, ED receivers
experience an even larger decline in peer quality than non-ED receivers, as shown in Ta-
ble 4. This result is due to different exposure to the policy and the adoption of different
behavioral responses to offset its negative consequences.

The difference in exposure between ED and non-ED receivers lies in the geography
of neighborhood income and it is illustrated in Figure 4. Receiving schools that are far-
ther away from sending neighborhoods systematically enroll fewer and higher-skilled
ED compliers—symmetrically, the easternmost neighborhoods located farther away from
the receiving schools experience smaller take-up rates and a stronger selection on skills.
These results are intuitive, as commuting costs—even in the presence of transportation—
represent a screening mechanism for families with lower-skilled children. The western-
most part of the city is the precisely where the most affluent families live, while ED re-
ceivers are primarily located in the center and center-north of the county, closer to lower
income-income neighborhoods (see Figure 1 in Section 3).

High- and low-income families in receiving neighborhoods also differ in terms of re-
sponses to the policy. To mitigate their welfare loss from decreased peer quality, non-ED

21Increased commuting by school transportation also translate into increased expenditures for the school
district. The policy results in a 21.8 percent increase in overall commuting distance made via school trans-
portation, which corresponds to an additional school transportation expenditure of $678.30 per child. Fur-
ther details on this calculation are provided in Appendix D.3.
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receivers turn to private schools (+5 pp, see Table 4). To do so, they pay the cost of at-
tending these schools and, as private schools tend to be located further away than public
schools and not to offer transportation, they also suffer extra commuting costs. The losses
non-ED families are willing to incur from attending and traveling to private schools as an
insurance against a decrease in school quality are symptomatic of their estimated strong
preference for peer quality. In contrast, private school attendance among ED families
only increases by one percentage point. Instead ED families who live in receiving neigh-
borhoods at baseline turn to other public school options that offer a better idiosyncratic
match rather than access to higher-quality peers. As an effort to ease access to these
alternative public schools, 7.7 percent of them choose to locate outside of the receiving
neighborhoods. The alternate public options are typically closer than private schools and
provide transportation, yielding lower additional commuting costs.

We acknowledge that the policy we consider in this section represents just one possi-
ble way of expanding school choice. In Appendix D-1, we further illustrate the welfare
effects derived from two alternative policies, each distinct from the one detailed here with
respect to the targeted sending neighborhoods. In particular, we alternatively offer receiv-
ing schools as options with transportation to either of two sets of neighborhoods accord-
ing to their share of ED families (below 31 percent or between 31 and and 60 percent).22

We find that while welfare changes are overall small, less progressive policies translate
into higher welfare gains since they target higher ability children, entail lower commuting
cost (the sending neighborhoods being closer to receiving schools), and trigger a smaller
flight of receiving families into private schools.23 Last, we check the robustness of our
conclusions to adopting an alternate welfare function, namely a utilitarian one. We for-
mally show that utilitarian welfare gains are the sum of changes in our money-metric
measure, that captures the efficiency gains from the policy, and changes in an additional
term that captures the benefit from redistribution. In all three versions of school choice
expansion, the sign of the aggregate utilitarian welfare gains is the same as our money-
metric measure.

22These cutoffs are chosen so that the measure of families in sending neighborhoods is constant across all
three versions of the policy.

23Given the geographic concentration of compliers in receiving schools located closer to the city center
(Figure 4) one might wonder whether the negative welfare impact on receiving ED families could be re-
duced by restricting receiving schools to be those overwhelmingly attended by non-ED families, on the
westernmost side of the city. However, the increased home-school distance would result in a much lower
take-up rate and negligible overall welfare gains for ED families.
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Figure 4: Spatial Heterogeneity in Exposure and Take-up for the School Choice Policy

The figure shows spatial patterns in the take-up of the school choice expansion policy. In the left map,
receiving schools (dots) are colored as a function of the share of all applications from ED families in
sending neighborhoods they receive; and sending neighborhoods are colored as a function of the share
of their ED population who applies to receiving schools. In the right map, receiving schools (dots) are
colored as a function of the average skill level of the ED applicants they receive from sending neighbor-
hoods they receive; and sending neighborhoods are colored as a function of the average skill level of
their ED applicants to receiving schools.

5.2 Housing Vouchers

As our second policy counterfactual, we analyze housing vouchers, a people-based poli-
cies that received considerable attention among both academics and policy-makers (Kling
et al., 2007; Chetty et al., 2016; Aliprantis and Richter, 2020; Bergman et al., Forthcoming).
Our policy counterfactual provides housing vouchers to low-income families enabling
them to reside within the catchment area of high-quality schools. Moreover, housing
vouchers address one of the shortcomings highlighted in the previous section regard-
ing the school choice expansion policy. In that analysis, we found that commuting costs
significantly reduce the welfare gains for those taking advantage of the policy, and con-
centrate the inflow into schools that are in the city center where relatively more ED fam-
ilies live. Housing vouchers offset this spatial barrier by allowing low-income families
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to reside in neighborhoods near high-quality schools, including potentially in the more
affluent areas at the outskirts of the city.

Policy Design. To make the two counterfactual policies comparable, we offer housing
vouchers to ED families under the condition that they choose to live within the catch-
ment area of one of the 40 high-quality receiving schools identified in the school choice
expansion policy. We design the housing voucher to ensure that every eligible family can
afford housing of a typical size for families in their income bracket–that is, the average
house size in the baseline equilibrium–while spending only 25 percent of their income to-
wards housing. The fact that the dollar value of the voucher scales with income dampens
the otherwise negative selection on income, conditional on being an ED family, induced
by alternative flat payments. In addition, the dollar value of the voucher is highest in
expensive neighborhoods, making those more accessible to potential takers.

Results. We present our results in a similar way as we did for the school choice expansion
counterfactual, and focus our comments on the comparison between the two policies.
Average welfare effects and their decomposition are shown in Figure 5. Just like in Figure
3, the top chart (Figure 5(a)) shows the decomposition of welfare effects for all families, as
well as for ED and non-ED families separately. The bottom chart (Figure 5(b)) shows the
decomposition of welfare changes for a partition of ED families: those families who live
in receiving neighborhoods at baseline (again, for short, ED receivers); those ED families
who do not live in receiving neighborhoods at baseline but do under the policy (compliers);
and all other ED families. The voucher policy exhibits an average welfare loss of $389, as
depicted by the leftmost black bar in Figure 5(a). This outcome is quantitatively very close
to the impact induced by the school choice expansion policy.24

On the distributional front, the main difference between the two policies lies in the
much larger gains experienced by ED families and the much larger losses experienced
by non-ED families under the voucher policy relative to the school choice expansion pol-
icy (black bars). Focusing on ED families first, the larger gains for compliers are mostly
driven by the ‘mechanical’ effects of the voucher on consumption of housing and the nu-
meraire good. Thanks to the voucher, compliers also locate in neighborhoods with higher
amenities. Differently from the school choice expansion policy, idiosyncratic preferences
over public schools play a minimal role here, as it was a feature associated with broaden-
ing their school choice set. In addition, the absence of significant welfare loss from com-

24The (unconditional) average monetary cost of the voucher amounts to $460 per family, or about two-
third the cost of expanding school choice.
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Figure 5: Decomposition of Welfare Effects for the Voucher Policy

(a) Decomposition for all families, and by ED status

All Families ED (33%) Non-ED (67%)

−1,000

−500

0

500

W
el

fa
re

G
ai

n
in

20
17

$

(b) Decomposition for a partition of ED families
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The top chart illustrates the welfare changes induced by the housing voucher policy for all families (left), ED
families (center), and non-ED families (right). The bottom chart illustrates the welfare changes induced by
the housing voucher for a partition of ED families—those who live in receiving neighborhoods at baseline
(or Receivers for short, left), those who do not live in receiving neighborhoods at baseline but do under the
policy (Compliers, center), and all other ED families (right). For each set of families, the first bar on the left
(black) shows the total average change in welfare resulting from the policy. The second to seventh (colored)
bars show the decomposition of this average welfare change into the changes induced by the policy in
the following determinants of family utility (from left to right): school peers (γā), idiosyncratic preference
received from attending a public school if doing so (σSεs), commuting costs (κτ), net value from attending
a private school if doing so (χw,n + σPεPn ), exogenous neighborhood amenities (α0n + α1n log(w) + σNεn),
and value from consumption (uw,n). The formal decomposition of welfare into its components is shown in
Equation D-1.
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Table 5: Outcomes of the Voucher Policy for Receiving Families

Non-ED Receivers ED Receivers

Change in average school peers (% std) −16 −26
Change in share attending private school (pp) 3.9 0.4
Share locating outside receiving nbhds (%) 4.2 0.5

The tables shows how the housing vouchers policy affects attended school quality, private school
attendance, and residential choice for families living in receiving neighborhoods at baseline, by ED
status.

muting costs stems from the fact that compliers now reside in receiving neighborhoods
rather than commuting from distant sending neighborhoods.

ED families residing in receiving neighborhoods at baseline experience significant
welfare gains under the voucher policy, in contrast to the losses from the school choice
expansion policy. Under both policies, they experience lower-skilled school peers. How-
ever, under the voucher policy, they qualify for the housing voucher if they choose to
remain in receiving neighborhoods. Only half a percent of them opt to live outside of
receiving neighborhoods under the voucher policy, compared to 7.7 percent under the
school choice expansion (compare Table 5 with Table 4). The increase in consumption
value more than compensates for the loss from peers, thereby explaining their overall
welfare gains.

The gap in peer-quality losses between ED and non-ED receivers is significantly lower
under the voucher policy compared to the school choice policy. Under the latter, the peer-
quality losses were −38 and −11 percent of a standard deviation for ED and non-ED
receivers, respectively, while they are equal to −26 and −16 percent under the voucher
policy. To understand this result, Figure 6 illustrates the average quality of ED compliers
attending each receiving school under the voucher policy (right panel) and the distribu-
tion of ED compliers across different receiving schools (right panel). Comparing Figure
6 to Figure 4 reveals that the magnitude and quality of the influx of ED compliers are
more evenly distributed across receiving schools under the voucher policy than under
the school choice expansion policy. As a consequence, non-ED families experience a sub-
stantial decline in the quality of their school peers, hence a larger welfare loss under the
voucher policy.

The east-to-west gradient observed in both panels of Figure 4 is virtually absent in
Figure 6. This is because, under the voucher policy, compliers live in receiving neigh-
borhoods instead of commuting from sending neighborhoods. As a consequence, west-
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Figure 6: Spatial Heterogeneity in Exposure and Take-up for the Voucher Policy

The figure shows spatial patterns in the take-up of the housing voucher policy. In the left map,
receiving schools (dots) are colored as a function of the share of all applications from ED families
in sending neighborhoods they receive; and sending neighborhoods are colored as a function of the
share of their ED population who applies to receiving schools. In the right map, receiving schools
(dots) are colored as a function of the average skill level of the ED applicants they receive from
sending neighborhoods they receive; and sending neighborhoods are colored as a function of the
average skill level of their ED applicants to receiving schools.

ernmost receiving schools, located in neighborhoods with lower baseline shares of ED
families, receive fewer and more positively selected compliers (in terms of skills) com-
pared to other receiving neighborhoods under the school choice expansion policy. The
absence of commuting costs then reduces the spatial heterogeneity in exposure to com-
pliers across receiving neighborhoods. Yet, a gap persists in policy exposure between ED
and non-ED receiving families. Figure 7 sheds light on one of its determinants by re-
vealing housing regulation as a barrier to access of ED compliers into receiving neighbor-
hoods. Families using vouchers tend to relocate toward areas with lower housing regula-
tion. Conversely, neighborhoods characterized by stringent zoning regulations, typically
the domains of higher-income households, witness negligible influx of voucher-holding
families who would have to complement the voucher with their own resources in order
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Figure 7: Zoning and Change in Neighborhood Composition under the Voucher Policy

The figure shows how receiving neighborhoods’ shares of ED families change as
the voucher policy is implemented as a function of their level of zoning regu-
lation, hreg

n (blue dots). Zoning regulation is defined as the minimum housing
size (in squared feet) allowed in a neighborhood. The dashed line represents the
average change in shares of ED families in the receiving neighborhoods.

to satisfy the minimum size requirement. This result highlights the role of zoning regula-
tions as a shield for higher-income families in receiving neighborhoods against the effects
of the voucher policy.

6 Conclusion

We build and estimate a spatial equilibrium model of neighborhood and school choice
that accounts for the key institutional determinants of educational access in the United
States: school catchment areas, school transportation provision, and zoning regulations.
The model is identified by the observed empirical pattern of residential sorting and school
choice, both in the cross-section and using quasi-experimental evidence on how demand
for neighborhoods and schools respond to changes in the composition of school catch-
ment areas and in transportation provision.

The model sheds light on the trade-offs involved in the design of large-scale policy in-
terventions that aim to reduce inequality of educational opportunities. On the one hand,
we find that common instances of such policies like school-choice expansion and hous-
ing vouchers are moderately effective at improving their beneficiaries’ outcomes. On the
other hand, families who have already made significant investments in their children’s
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education by residing in affluent neighborhoods experience a decline in welfare. Low-
income families willing to pay high housing costs in order to access a better composition
of peers are particularly hurt by a school choice expansion as their geographic proxim-
ity to compliers overwhelmingly exposes them to an additional inflow into their schools.
Relocation to other neighborhoods or increased attendance of private schools are imper-
fect and costly insurance mechanism that families with high valuation for school quality
implement in order to dampen the negative impact of the policy. When evaluated in
dollar-equivalent terms, both policy counterfactuals deliver a substantial welfare loss.

Our analysis can be expanded along several interesting dimensions. First, we ab-
stracted from dynamic considerations in families’ choice of schools and neighborhoods,
which might affect the estimation of families’ preferences whenever school portfolios are
expected to change over time and moving cost vary with distance. Second, our model
could be enriched with other possible responses of parents to policies aimed at integrating
heterogeneous peer groups within educational settings, such as seeking special classroom
assignment for their children (Crema, 2023) or adopting parenting styles at home that con-
trol their children’s social interactions (Agostinelli et al., 2023). In both instances, these
mechanisms would impact the effective exposure of children to the change in school peer
effects induced by the proposed policies. Third, we see the design of optimal local institu-
tions, such as school boundaries and zoning restrictions, as natural—albeit challenging—
improvements on our counterfactual analysis. We see all these aspects as fruitful avenues
for future research.
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A Data appendix

A.1 Additional institutional details

The Wake County Public School System (WCPSS) is the county-wide school district cov-
ering Wake County, North Carolina, which is the county of the state capital, Raleigh. The
WCPSS was, in 2019–20, the fourteenth largest school district in the United States, with
more than 161,000 students. The geography of the county and the location of the pub-
lic elementary schools open during our sample period (2013-14 to 2016-17) are shown in
Figure 1(a).

A.1.1 Public school choice in the WCPSS

Each address in Wake County is associated with a base school at which the child is guar-
anteed a seat and transportation. The school district offers two main ways for parents to
have their child attend a public school other than their base: magnet programs and calen-
dar transfers, each of which we describe below —however, when we bring our structural
model to the data, the two types of options are not differentiated and are pooled under
the umbrella category of option school.

Historically, from the creation of the district in 1976 until 2000, the student assignment
policy was driven by the goal of promoting racial diversity in schools. Residential ad-
dresses were assigned to base schools so that each school would have 15–45 percent of
Black students. Magnet schools were created as a second instrument to facilitate racial
integration in schools: a number of urban schools were endowed with special curric-
ula (e.g., arts, foreign languages) expected to attract white suburban students. Starting
from the 2000–01 academic year and until 2011–12, the WCPSS moved from the goal of
ensuring racial diversity in schools to that of ensuring socioeconomic balance. Assign-
ments of addresses to base schools was then supposed to serve the goal that no school
had more than 40 percent of students eligible for free or reduced-price lunch (that is, eco-
nomically disadvantaged, or ED) nor more than 25 percent of students below the state’s
reading standards for their grade. While socioeconomic balance in schools was a target
for the school board until the early 2010s, pressure to accommodate population growth
across the county25 has been the main driver of school reassignments, as illustrated by
this quote from Parcel and Taylor (2015, p. 53) who said reassignment “from school to

25Over the 2000–10 decade, the public school population in the WCPSS increased from about 95,000 to
more than 140,000.

A-1



Figure A-1: Changes in Base Schools and Catchment Areas

The map on the left shows in red all neighborhoods that experienced a change of base school (that is,
were reassigned to another base school) between 2013-14 and 2016-17. When a neighborhood is reas-
signed to another base school, the catchment area of both its initial and its final base schools change—as
the neighborhood is removed from the former and added to the latter. This means that the neighbor-
hoods which remained assigned to the initial base school and those that were already assigned to the
final base school experience a change in the their catchment area, although they do not change base
schools. Taking this into account, the map on the right shows in red the neighborhoods experiencing
changes in their base school or in their catchment area over the sample period. Areas left uncolored are
out of our sample and essentially non-residential.

school [was] because of population growth, and that is what it was. The busing was
not intended primarily for diversity but just to fill in . . . schools.” Figure A-1 illustrates
changes in catchment areas over the sample period. The map on the left shows in red
all neighborhoods that experienced a change of base school (that is, were reassigned to
another base school) between 2013-14 and 2016-17. When a neighborhood is reassigned
to another base school, the catchment area of both its initial and its final base schools
changes—as the neighborhood is removed from the former and added to the latter. This
means that the neighborhoods which remained assigned to the initial base school and
those that were already assigned to the final base school experienced a change in the their
catchment area, although they did not change base schools. Taking this into account,
the map on the right shows in red the neighborhoods experiencing changes in their base
school or their catchment area over the sample period.

Magnet schools are the main instrument of public school choice in the WCPSS. In our
period of interest, the WCPSS had 26 magnet schools at the elementary school level. Based
on their residential address, parents can apply to a subset of these programs for their
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Figure A-2: Changes in Transportation Provision to Option Schools

The figure shows the neighborhoods experiencing a change in transportation provision to at least one of
their options over the sample period. That is, a neighborhood n is colored in red on the map if and only
if there is at least one school s that is in neighborhood n’s portfolio a option for n for two consecutive
years in the sample period and transportation provision between n and s changes across these two years.
Areas left uncolored are out of our sample and essentially non-residential.

child. Also based on their residential address, parents may or may not be offered school
transportation to the magnet school.26 Magnet choice set and transportation provision
do not only change cross-sectionally, they also change over time during the period of
interest, with several magnets expanding and/or changing their transportation provision.
Figure A-2 provides an illustration of transportation changes over time. In red, it shows
the neighborhoods experiencing a change in transportation provision for a school in their
portfolio within the sample period. That is, a neighborhood n is colored in red on the
map if and only if there is at least one school s that is in neighborhood n’s portfolio as
an option for n for two consecutive years and transportation provision between n and s
changes across these two years—in other words: s ∈ NT n,t and s ∈ Tn,t+1, or s ∈ Tn,t and
s ∈ NT n,t+1. In addition to these changes in transportation provision, all neighborhoods
experienced eligibility changes, in the sense that new options were added to all choice
sets over the sample period. Twenty-four magnet schools saw a change in the set of
neighborhoods eligible to apply and/or in their transportation provision over the sample
period (see bottom panel of Table A-3).

26Figure 1 in Dur et al. (2018) shows a screenshot of the online platform parents can use to apply; the
fourth column in the table illustrates the variation of transportation provision across schools and residential
addresses.
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Calendar transfers allow students to attend a school running on a different calendar than
their base school. Schools in the WCPSS operate following one of two calendars—the
traditional September-to-June academic calendar or a year-round calendar designed as
a response to the rapid population growth to allow schools to accommodate more stu-
dents.27 Each base school is paired with one school that operates on the other calendar to
which families in the catchment areas can apply and to which transportation is provided.

Assignment to magnet and calendar options is centralized. It proceeds in two steps
(first families can apply to magnets, then they may apply to calendar options), and can be
summarized as follows:

• Magnet seats —“[Ninety] percent of magnet seats are assigned via the Boston Mech-
anism [up until the 2014-15 school year, and via the Deferred Acceptance algo-
rithm since 2015-16.] For elementary schools, priority points at school s depend
on whether the student’s sibling will attend school s next year (highest priority),
whether the student lives in a high-performing [area] based on historical test score
data (second highest), and whether the student’s base school is overcrowded (third
highest). [Ties within coarse priority groups are broken using random lottery num-
bers.] . . . Finally, 10 percent of magnet seats are assigned through a pure lottery;
specifically, a lottery that is independent of a student’s priority points. The district
introduced the 10 percent lottery to encourage more students to participate in the
magnet application process.” (Dur et al., 2018, p. 192).

• Calendar seats —Throughout our sample period, families may apply to the one
alternate-calendar school associated to their base. For kindergarten-entry appli-
cants, priority points at school s depend on whether the student’s sibling will at-
tend school s next year (highest priority), whether the student applies to attend a
school with a calendar matching a next sibling’s school calendar (second highest),
and whether the student’s base school is overcrowded (third highest). Ties within
coarse priority groups are broken using random lottery numbers.

In the model, we make no distinction between calendar and magnet applications (all “op-
tions”). We assume that students can apply to at most one option school, and that assign-
ment is made by pure lottery. A key feature of the Boston Mechanism is that students who
rank a school first get higher priority for that school than applicants who rake the school

27In year-round schools, students are placed on four different tracks, each of them alternating year-round
between nine weeks of class and three weeks of break. At any point in time, one of the four tracks is on
break while the other three are in attendance, allowing the school to serve a larger number of students.
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lower on their application list.28 If, for each school, the number of first-choice applicants
exceeds the number of seats, each applicant will only be considered for admission to their
first choice, rendering all choices ranked below the first one irrelevant. In that regard, our
single-application assumption is a reasonable approximation of the Boston Mechanism.
While the Deferred Acceptance mechanism used starting 2015-16 does not prioritize first-
rank applicants over others, it retains the incentive to strategize as the number of choices
students can submit is capped (three to five choices allowed, out of a choice set of, on
average, about 20 schools).

A.1.2 On the exogeneity of institutional changes

The identification of preferences for school quality relies on within-neighborhood varia-
tion over time, and requires the changes in school quality induced by changes in catch-
ment areas to be unanticipated by households. Here, we provide evidence of the exo-
geneity of these institutional changes.

Changes in base schools’ catchment areas. While the school board targeted socioeco-
nomic balance in schools until the early 2010s, pressure to accommodate unequal popu-
lation growth across the county has been the main driver of base school reassignments as
illustrated by this quote from Parcel and Taylor (2015, p. 53): reassignment “from school
to school [was] because of population growth, and that is what it was. The busing was
not intended primarily for diversity but just to fill in . . . schools.” In addition, while the
fact that changes in catchment areas were likely was well-known to families over the pe-
riod of interest (Parcel and Taylor, 2015), Hill et al. (2023, p. 7) argue that “the selection
of any given geographic node for reassignment was, conditional on observable traits of
the node, essentially random and not manipulable or anticipated by [neighborhood] resi-
dents. . . . As a result of the reassignment plan, geographically proximal and observation-
ally similar [neighborhoods] were treated differently. Students from the same geographic
area but different assignment nodes, who had been assigned to attend the same school
in one year, would be assigned to attend different schools the following year.” To further
show that changes were not anticipated by households, we test whether policy-induced
changes in base school quality (defined in Equation (4.2)) correlate with pre-trends in
house prices. We estimate a regression similar to Equation (4.1), but using house-price
changes in pre-policy years as the left-hand-side variable—namely, changes in average

28Dur et al. (2018, p. 192) note that the “WCPSS used the Boston Mechanism for the reason that Boston
and many other districts used it: it is intuitive, easy to explain, and maximizes the number of students
assigned to their reported first choice.”
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within-neighborhood house prices from (t − 2) to (t − 1), from (t − 3) to (t − 1), and
from (t− 4) to (t− 1). Results are shown in Table A-1, and indicate that policy-induced
changes in base school quality do not predict pre-policy changes in house prices.

Table A-1: Policy-induced changes in base school quality and pre-trends in house prices

Change in (log) house prices
(t− 2) to (t− 1) (t− 3) to (t− 1) (t− 4) to (t− 1)

Change in (log) base peer quality, (t− 1) to t −0.008 −0.018 0.038
(0.63) (0.063) (0.054)

Obs. 811 803 795
Sale-year F.E. Yes Yes Yes
The table shows test results for whether policy-induced changes in base-school quality (defined by Equation (4.2)) correlate
with changes in house prices in pre-policy years for different time horizons. We refer to policy-induced changes as the
reassignments of school catchment areas taking place in the WCPSS between 2013-14 and 2016-17 (as illustrated in Figure
A-1). Standard errors are clustered at the neighborhood level and reported in parentheses. *, **, and *** indicate statistical
significance at the 10, 5, and 1 percent levels, respectively.

Changes in option school transportation provision. The reasons underlying changes
in transportation provision are not as well documented in the literature (nor in the min-
utes of school board meetings) as those underlying changes in base schools’ catchment
areas. The argument for the exogeneity of policy changes can therefore not be made in
the same way as it was for changes in base schools’ catchment areas. Instead, to assess
whether neighborhoods and schools chosen for the changes could be predicted based on
their observable characteristics, we test whether transportation provision in year t cor-
relate with pre-trends in within-neighborhood school enrollment shares. We estimate a
regression similar to Equation (B-1), but using as the left-hand-side variable changes in
the share (both overall and conditional on ED status) of students from neighborhood n
attending school s—namely, changes in average within-neighborhood enrollment shares
from (t− 1) to t, and from (t− 2) to (t− 1). Results are shown in Table A-2, and indicate
that transportation provision does not predict past changes in enrollment shares.

A.2 Data Sources, Variables Construction, and Descriptive Statistics

Here, we provide details about data sources; construction of the student sample and key
variables; as well as descriptive statistics.
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Table A-2: Transportation provision and pre-trends in enrollment shares

Change in within-neighborhood enrollment share
Overall Conditional on ED

(t− 1) to t (t− 2) to (t− 1) (t− 1) to t (t− 2) to (t− 1)

Transportation provided at t −0.0001 −0.005∗ 0.001 −0.002
(0.003) (0.003) (0.003) (0.004)

Obs. 15,947 10,061 12,651 7,901
School × Year F.E. Yes Yes Yes Yes
Neighborhood F.E. Yes Yes Yes Yes
This table shows test results for whether transportation provision for a given neighborhood to a given option
school correlates with changes in within-neighborhood enrollment shares to that school in previous years. Overall
enrollment share is used as outcome in the first two columns; share conditional on being ED is used as outcome in
the last two columns. Standard errors are clustered at the neighborhood level and reported in parentheses. *, **,
and *** indicate statistical significance at the 10, 5, and 1 percent levels, respectively.

A.2.1 Students

Data source. Student-level data were obtained from the North Carolina Education Re-
search Data Center29 (NCERDC). The data show, for each year and each student enrolled
in a North Carolina public school, the school the child is enrolled in and a set of demo-
graphic variables (gender, economically disadvantaged status, or ED). Starting in 2006,
the data also show the student’s residential census block group and (a noisy version of)
residential coordinates. For all years, the data show end-of-grade test scores in math and
reading for grades three to eight. For the school years 2013-14 through 2016-17, liter-
acy test scores are also available for the beginning and the end of the academic year for
kindergarten.

Final sample construction. The final estimation sample is obtained after three succes-
sive sample restrictions:

1. We restrict the sample to students enrolled in kindergarten in a Wake County public
school in school years 2013–14 to 2016–17 and with the following information not
missing for the kindergarten year: residential address, school attended, ED status,
literacy assessment score.

2. After matching students to their neighborhood, we count the number of students
assigned to each neighborhood, and exclude neighborhoods with fewer than ten

29https://childandfamilypolicy.duke.edu/research/nc-education-data-center/, accessed
August 2021.
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students over the four years of data. Our final sample consists of 312 neighbor-
hoods.

3. Given their residential neighborhood and detailed administrative information about
catchment areas, we are able to determine whether each student attends a school
that was indeed in that student’s choice set for his kindergarten school year. More
precisely, we observe three sets of students: (1) children attending a school assigned
to their neighborhood as a base or option school when they entered kindergarten;
(2) children attending a school that is not in the choice set attached to their neigh-
borhood in their kindergarten year, but assigned to their neighborhood as a base or
option school within five years prior; and (3) children attending a school that was
never part of the choice set attached to their address. We assume students of type (2)
were grandfathered into attending the same school as an older sibling. For students
of type (3), we check whether the mismatch between school attended and choice set
can be explained by measurement error in residential address coordinates (intro-
duced by the NCERDC to preserve privacy). If there is a neighborhood within one
mile of their observed address that includes the attended school in its choice set for
the student’s kindergarten year, we infer that measurement error was the source of
the mismatch, and we reassign the student to that neighborhood. If there is no such
neighborhood, we exclude the student from the sample since his choice of school
cannot be explained given the choice set.

Construction of the skills measure. We use beginning-of-the-year kindergarten liter-
acy assessment test scores as a measure of a student’s baseline skills. We use DIBELS
(Dynamic Indicatord of Basic Early Literacy) and TRC (Text Reading and Comprehen-
sion) assessments from the mCLASS assessment system (https://amplify.com/nort
hcarolina/) available in the NCERDC data, in particular: First Sound Fluency score,
Letter Naming Fluency score, TRC score, as well as the Composite score. We combine
the multiple assessment scores into one skill measure and address measurement error
using Bartlett factor scores (Heckman et al., 2013). The obtained baseline skill measure
is standardized by cohort. We define skill types, a ∈ {a1, . . . , a10}, as the deciles of the
continuous standardized baseline skill distribution.

A.2.2 Schools

Public schools: location, peer quality, capacity. Figure 1(a) in the main text shows the
location of public elementary schools in Wake County, as well as the distribution of school
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peer quality across schools. School peer quality for school s and year t is measured as
the average standardized skills for kindergarten students enrolled in school s in year t.
All kindergarten students with non-missing kindergarten literacy assessment scores (and
school attended) are used to compute school peer quality. For each school s, the number
of seats reserved for option (as opposed to base) students in year t (qst) is measured as
follows. If s is oversubscribed in year t, then qst is set to the count of kindergarten students
attending s as an option in that year. If it is not, then qst is set to the average number of
kindergarten students attending s as an option in the years it is oversubscribed. While we
do not observe individual applications, school-level information provided by the WCPSS
indicates whether option schools are oversubscribed.

Private schools: data sources, location, and attendance. We use the bi-annual National
Center for Education Statistics (NCES, https://nces.ed.gov/surveys/pss/pssdata.as
p, accessed August 2021) Private School Survey for years 2013, 2015, and 2017 for informa-
tion about the location of private schools offering Kindergarten in Wake County. We use
data at the PUMA level from the ACS (5-year estimates, 2013-17) to construct the share
of kindergartners attending private school and average income conditional on private
versus public school attendance by PUMA. In particular, we use the variables “School at-
tendance”, “Grade level attending (detailed version)”, “Public or Private school”, “Total
family income”, and “PUMA” (downloaded from https://usa.ipums.org/usa/index.

shtml, accessed August 2021). Figure A-3 shows the location of private schools offering
kindergarten in Wake County between 2013-14 and 2016-17, as well as the boundaries of
the eight PUMA partitioning Wake County. We set τnPn to the distance between the cen-
troid of neighborhood n and its closest private school, and we construct, for each of the
eight PUMAs constituting Wake County, the share of kindergartners attending private
school by ED status.

A.2.3 Neighborhoods

Data sources. The WCPSS provided yearly data (maps) showing the assignment of resi-
dential addresses to base schools and menus of (public) options, as well as the availability
of school transportation between each address and each option school.

Construction of neighborhoods. Each neighborhood n is characterized by a sequence
of public school portfolio from school year 2013–14 to school year 2016–17: { (Bn,t, Tn,t,NT n,t) |
t = 2013, . . . , 2016}, where Bn,t is the base school associated with n in year t, Tn,t is the
set of option schools providing transportation to neighborhood n in year t, NT n,t is the
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Figure A-3: Private Schools Location and PUMA boundaries

The map shows PUMA boundaries and the location of private schools offering
kindergarten between Fall 2013 and Spring 2017 in Wake County.

set of option schools in the choice set of neighborhood t but not providing transporta-
tion. Neighborhood n is the union of all contiguous points with public school choice menu
{ (Bn,t, Tn,t,NT n,t) | t = 2013, . . . , 2016}. Formally, let us denote each residential address
by its coordinates (x, y). Then, (x, y) ∈ n only if the following three points are satisfied:

1. (x, y) has base school Bn,t in school year t, for each t.

2. Tn,t is the set of all public schools (except for Bn,t) providing transportation to (x, y)
in school year t.

3. NT n,t is the set of all public schools open for application to (x, y) but not providing
transportation to (x, y) in school year t.

In addition, we require neighborhoods to consist of fully contiguous points so if two
regions share the same public school portfolio { (Bn,t, Tn,t,NT n,t) | t = 2013, . . . , 2016}
but are not touching, they make up distinct neighborhoods. Our definition of neighbor-
hoods implies that at any point in our sample period, two addresses in the same neigh-
borhood share the same portfolio of public schools—base and options with and with-
out transportation. Conversely, two addresses can be in distinct neighborhoods for two
reasons. Either their respective portfolios of public schools differ at some point in the
sample period or, if they share the same portfolio of public schools, they are part of two
geographic regions with no common border. Figure A-4 shows the obtained partition of
Wake County into neighborhoods, with 2010 Census tract boundaries for comparison.
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Figure A-4: Neighborhood Boundaries and 2010 Census tracts for comparison

The map shows the boundaries of the constructed neighborhoods
(blue), as well as the boundaries of the 2010 Census tracts (red).

Distance between schools and neighborhoods τns. As the distance between neighbor-
hood n and school s, we use the road distance between the centroid of n and s. The road
distance between any two points is computed using the OSRM package, which is an inter-
face between R and the OSRM API. OSRM is a routing service based on OpenStreetMap
data.30

Zoning data and minimum house size. Multiple entities are in charge of zoning reg-
ulations in the county. While part of county land is regulated by the county itself, the
zoning in other areas is done by a number of different local municipalities and/or unin-
corporated areas—namely: Raleigh, Apex, Cary, Fuquay-Varina, Garner, Holly Springs,
Knightdale, Morrisville, Rolesville, Wake Forest, Wendell, and Zebulon. Geographic data
on the zoning regulations for each entity is publicly available at: https://data-wake.op
endata.arcgis.com/ (accessed August 2021). Each entity uses its own zoning categories
and labels. By harmonizing regulation categories and labels across entities, we create a
geographical dataset that gives, for any (residential) point in the county, the associated
minimum lot size (MLS) regulation. Figure A-5(b) represents MLS regulations over (res-

30https://www.openstreetmap.org/, accessed August 2021.
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Figure A-5: House Prices (Left) and Minimum Lot Size regulations (Right)

(a) House prices (b) Zoning

The map on the left shows average house prices per square foot by neighborhoods (expressed in 2017
dollars, source: Wake County Real Estate Transaction data 2013–2017). The dollar thresholds used
to determine the colors of the neighborhoods represent the quartiles of the distribution of within-
neighborhood average price per square foot in sample. The map on the right shows density regulations
(in dwelling units, du, per acre) throughout Wake County. Areas left uncolored are out of our sample
and essentially non-residential.

idential land in) Wake County. Density regulations are typically expressed in dwelling
units (du) per acre —the stronger the regulation, the lower the density allowed. Lighter
areas in Figure A-5(b) are zoned for lower density, meaning that fewer dwelling units are
allowed to be built on one acre of land. The inverse of density gives the more intuitive
measure for MLS, which is expressed in acre per lot. There is a relatively wide range
of MLS regulations throughout Wake County—from more than 25 du/acre in the urban
center of the county, to less that 1 du/acre in the western periphery.
To each neighborhood, we attach a MLS. For neighborhoods that overlap multiple zon-
ing areas with distinct MLS restrictions, the neighborhood-level MLS restriction is con-
structed as the least constraining MLS in the neighborhood. Formally, mlsn = min{mls(x, y) |
(x, y) ∈ n}, where (x, y) simply denotes the coordinate of any point in Wake County
zoned for residential use, and mls(x, y) is the MLS restriction in place at that point. In
the model though, we assume households choose and are constrained in their choice of
house size, rather than lot size. We map neighborhood restrictions on minimum lot size
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(mlsn) into a minimum house size available (hreg
n ). Regressing observed house sizes (in

square feet) on our measure of minimum lot size (mlsn, in acres) yields the mapping:
hn = 641 + 892 ×mlsn. From this mapping, we compute hreg

n = E[hn|mlsn] for each
neighborhood n, as well as the essential minimum housing h0 = 641 (minimum house
size in the absence of regulation, mlsn = 0).

Real estate data and house prices. Publicly available records from Wake County show
details about all real estate transactions in Wake County starting from 1956.31 For each
property sold, these data show the sale price and date, exact address of the property, char-
acteristics of the lot and of the buildings/units, if any. In particular, we use the following
characteristics in the analysis: sale date, sale price, acreage of the lot, year the building
was built, whether the building is for residential use, and its type (single-family house,
apartment, etc.), and heated area. We use heated area as our measure of house size.
To construct a measure of average house price by neighborhood and year, we proceed in
three steps. First, we convert all prices into 2017 dollars to be consistent with household
income provided in 2017 dollars in the ACS. Second, for each neighborhood and year, we
compute an average sale price per square foot. We trim outlier cases (heated area smaller
than 550 square feet or larger than 8,000 square feet with a sale price above $10 millions).
For the structural estimation, prices are imputed for (neighborhood, year)-pairs with no
observed transaction. If prices are observed for at least two years (out of four) for the
neighborhood, prices for the missing year(s) are imputed using a linear neighborhood-
specific trend. If prices are observed for fewer than two years for the neighborhood,
prices for the missing years are imputed using average log-skills of children, share of ED
families, and year. Average house prices (in dollar per square foot) are depicted in Figure
A-5(a).

Household income w and average neighborhood income w̄n. We use the following
(tract- and county-level) variables from the ACS five-year estimates (2013–17): “Fam-
ily Type by Presence of Own Children Under 18 Years by Family Income in the Past
12 Months (in 2017 Inflation-Adjusted Dollars)” (NHGIS Code AIJA) and “Own Chil-
dren Under 18 Years by Family Type and Age” (NHGIS Code AHZU). Data were down-
loaded from https://www.nhgis.org/ (accessed August 2021). The ACS five-year
estimates (2013–17) table “Family Type by Presence of Own Children Under 18 Years
by Family Income in the Past 12 Months (in 2017 Inflation-Adjusted Dollars)” (NHGIS

31https://www.wakegov.com/departments-government/tax-administration/real-estate, accessed
August 2021
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Code AIJA) gives household counts by census tracts for families with and without chil-
dren and for 16 brackets of household income. We use variables AIJAE004–AIJAE019,
AIJAE040–AIJAE055, and AIJAE075–AIJAE090 to characterize the income distribution of
our “families,” and AIJAE021–AIJAE036, AIJAE057–AIJAE072, and AIJAE092–AIJAE107
for other households. To construct our discrete household income types, we aggregate
the 16 ACS brackets into ten: family income in the past 12 months below $15,000; within
$15–25,000; $25–35,000; $35–50,000; $50–75,000; $75–100,000; $100–125,000; $125–150,000;
$150–200,000; and above $200,000. Net household income w for households of each type
(w ∈ {w1, . . . , w10}) is constructed in three steps. First, gross income is assumed to be the
middle point of the bracket (and $250,000 for the top bracket “above $200,000”). Next, net
income is obtained from gross income using the NBER TAXSIM program,32 assuming the
following household characteristics: married couple, spending 28 percent of their income
on a mortgage, and with one dependent younger than 13. We use these household charac-
teristics for all households in the model, that is families and other households. To aggre-
gate the ten discrete household income levels into the ED and non-ED categories available
at the student level in the NCERDC data, we assign the lower four brackets (that is, with
family income in the past 12 months below $50,000 in 2017 inflation-adjusted dollars) to
ED, and the six higher brackets to non-ED. ED status in the NCERDC is determined by
eligibility for free or reduced-price lunch. Income levels for eligibility to the programs are
determined annually by the USDA.33 For reference, in 2017, the eligibility thresholds for
reduced-price lunch (below 185 percent of the federal poverty line) were $45,510 annual
income for a household of four.34

Average income in neighborhood n is obtained as: w̄n = ∑w∈{w1,...,w10} w × Pr(w | n),
where w is the level of household income for each discrete type (constructed as indicated
above) and Pr(w | n) is the share of households with income type w in neighborhood n.
The distribution of average neighborhood income in the county is shown in Figure 1(b)
in the main text.

Joint distribution of parental income and child skills, and families’ sorting across
neighborhoods. The joint distribution of family income and child skills is not directly
observed. On the one hand, the NCERDC data, which contain individual information
about children skills, only report ED and non-ED as measures of socioeconomic status.

32https://users.nber.org/~taxsim/, accessed August 2021.
33https://www.fns.usda.gov/cn/income-eligibility-guidelines, accessed August 2021.
34https://www.federalregister.gov/documents/2017/04/10/2017-07043/child-nutrition-prog

rams-income-eligibility-guidelines, accessed August 2021.
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On the other hand, the ACS, which shows household counts by income bracket, does not
contain any information about children skills. We construct the joint distribution φ(w, a)
as follows. We assume that conditional on skill type a, income is distributed as a log-
normal, and we set the mean and variance of this distribution to match:

1. the share of ED students conditional on skill type a observed in the NCERDC data

2. average income conditional on skill type a, which we derive as follows:

(a) Assuming that the four lower income types (obtained by aggregating the six-
teen ACS brackets into ten) map to ED, the distribution of family income types
in each neighborhood n conditional on ED status is given by the ACS: Pr(w |
n, ED) = Pr(w|n)

∑w′∈{w1,...,w4}
Pr(w′|n) if w ∈ {w1, . . . , w4} and Pr(w | n, non-ED) =

Pr(w|n)
∑w′∈{w5,...,w10}

Pr(w′|n) if w ∈ {w5, . . . , w10}, while Pr(w | n, ED) = 0 if w ∈ {w5, . . . , w10}
and Pr(w | n, non-ED) = 0 if w ∈ {w1, . . . , w4}.

(b) Combining with the NCERDC data, total counts of families of each income and
skill types are given by: Na,w = ∑n Na,ED,n × Pr(w | n, ED) if w ∈ {w1, . . . , w4},
and Naw = ∑n Na,non-ED,n × Pr(w | n, non-ED) if w ∈ {w5, . . . , w10}, where
Na,ED,n (resp. Na,non-ED,n) is the count of ED (non-ED) students with skill type
a living in neighborhood n observed in the NCERDC.

(c) Average income conditional on skill type a is then given by:
∑w∈{w1,...,w10} Na,w×w
∑w′∈{w1,...,w10}

Na,w′

The distribution of family types across neighborhoods is constructed as πn|a,w = Na,non-ED,n×
Pr(w | n, non-ED) if w ∈ {w1, . . . , w4}, and Nn|a,w = Na,non-ED,n × Pr(w | n, non-ED) if
w ∈ {w5, . . . , w10}.

A.2.4 Descriptive statistics

Table A-3 shows descriptive statistics on our final samples of neighborhoods, students,
and public schools.
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Table A-3: Descriptive Statistics

Mean Stdev Min Max
PANEL A: NEIGHBORHOOD SAMPLE

# of transactions obs. per year 51.67 56.45 0 322
Avg sale price by sqft 127.43 35.45 13.05 323.2
Avg MLS regulation (acre) 0.15 0.24 0 0.92
Avg minimum house size (in sqft) 885.81 252.1733 641.74 2,236.23
Avg # of school options (excl. base) 17.75 0.63 14 19
Avg # of school options w/ transp. (excl. base) 4.06 0.70 1 6
Distance to base sch. (miles) 3.71 3.24 .08 16.82
Avg. distance to option sch. 11.00 6.18 0.44 34.59
Has base change during period 0.23 0.45 0 1
Has catchment area change during period 0.63 0.48 0 1
Has change in option set during period 1 0 1 1
Avg # of student obs. per year 27.59 28.38 3 197
Share of econ. disadv. (ED) students 0.42 0.31 0 1
# of neighborhoods in sample 312
# of neighborhood-year obs. 1,248

PANEL B: STUDENT SAMPLE

Is economically disadvantaged (ED) 0.35 0.48 0 1
Attends base, cond. on being ED 0.76 0.43 0 1
Attends base, cond. on being non-ED 0.73 0.44 0 1
Attends option w/ transp., cond. on ED 0.16 0.37 0 1
Attends option w/ transp., cond. on non-ED 0.21 0.41 0 1
Attends option w/o transp., cond. on ED 0.08 0.27 0 1
Attends option w/o transp., cond. on non-ED 0.06 0.24 0 1
Log-skills (standardized w/in cohort) cond. on ED −0.56 0.83 −1.44 3.45
Log-skills (standardized w/in cohort) cond. on non-ED 0.30 0.95 −1.44 4.23
# of student-yr obs. 34,428

PANEL C: PUBLIC SCHOOL SAMPLE

Avg peer quality 1.34 0.38 0.51 2.56
Share econ. disadv. (ED) students 0.39 0.22 0.00 0.90
# of student obs. in sample (per year) 80.63 29.91 4 195
Is option school for some address 0.85 0.36 0 1
Has catchm. area change during period (base) 0.55 0.50 0 1
Has elig./transp. change during period (options only) 0.91 0.28 0 1
# of schools in sample 111
# of school-year obs. 428

The table shows descriptive statistics on our final samples of neighborhoods, students, and public schools.
In Panel A (respectively B and C), the mean, standard deviation, minimum, and maximum are taken over
the sample of neighborhood-year (respectively student-year, school-year) observations.

A-16



B Evidence from policy variation

B.1 House-price capitalization of school quality

Table B-1 shows parameter estimates for equation (4.1).

Table B-1: Changes in School Quality and Effects on House Prices

House Price Psf (Log)

Changes In School Quality (Log) 0.090* 0.092** 0.094** 0.096**
(0.047) (0.046) (0.046) (0.045)

Observations 812 812 812 812
Sale-Year F.E. No Yes Yes Yes
Control: Heated Area No No Yes Yes
Controls: Year House Built No No No Yes
and Deeded Acreage
The table shows the effect of school quality on house prices. School quality is mea-
sured as the average test score of children attending the base school associated with
the neighborhood in which the house is located. Details on the construction of the
variable for changes in school quality are provided in Section 3.1 and Appendix A.2.
Standard errors are clustered at the neighborhood level and reported in parentheses. *,
**, and *** indicate statistical significance at the 10, 5, and 1-percent levels, respectively.

B.2 Commuting cost and the role of transportation

The within-neighborhood longitudinal variation in the provision of school transportation
can be used to assess the extent to which commuting distance and transportation matter
for families’ choice of school. We estimate the following regression:

πs,n,t = β11 {Bus}s,n,t + β2τns + β31 {Bus}s,n,t × τns + δs,t + δn + εs,n,t , (B-1)

where πs,n,t is the share of children from cohort t in neighborhood n attending option
school s; 1 {Bus}s,n,t ∈ {0, 1} indicates whether transportation is provided to school s
from neighborhood n in year t; τns denotes the distance between the school and the neigh-
borhood. The inclusion of the interaction term between distance and the availability of
school transportation allows the benefit of transportation to vary as the distance between
the school and the neighborhood increases. This spatial heterogeneity is in line with our
structural model. We control for school-specific aggregate trends in enrollment (δs,n) and
include neighborhood fixed effects (δn) to exploit the within-neighborhood (across co-
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horts of kindergarten students) institutional variation in transportation provision.35

Table B-2 shows that the provision of school transportation increases school enroll-
ment by 2.4 percentage points in the hypothetical scenario of a zero-mile home-school
distance. As the distance to school increases, the impact of providing transportation de-
creases (−3.3 percentage points per 10 miles of distance), and it becomes null at a distance
of approximately seven miles. The distance itself reduces the attractiveness of that school,
with an extra mile reducing the share of children going to that school from a given neigh-
borhood by 2.8 percentage points.

Table B-2: Neighborhood School Transportation and School Enrollment

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

1 {Bus}s,n,t 0.008*** 0.007*** 0.024*** 0.023***
(0.002) (0.002) (0.005) (0.005)

1 {Bus}s,n,t × τns −0.033*** −0.033***
(0.005) (0.005)

τns −0.029*** −0.029***
(0.003) (0.003)

Observations 22,153 22,153 22,153 22,153
Neighborhood F.E. Yes Yes Yes Yes
Year F.E. Yes No Yes No
School F.E. Yes No Yes No
School F.E. × Year F.E. No Yes No Yes
The table shows estimates of the effect of providing school transportation to/from
an option school on enrollment. Standard errors are clustered at the neighborhood
level and reported in parentheses. *, **, and *** indicate statistical significance at
the 10, 5, and 1-percent levels, respectively.

Table B-3 shows parameters values obtained when estimating Equation (B-1) on data
simulated from the estimated structural model.

35The specific structure of the network of schools and neighborhoods in Wake County, where one school
serves multiple neighborhoods, allows us to distinguish between aggregate school trends in enrollment
and the neighborhood-specific effects of transportation.
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Table B-3: Neighborhood School Transportation and School Enrollment (Model)

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

1 {Bus}s,n,t 0.014 0.015 0.031 0.031

1 {Bus}s,n,t × τns -0.030 -0.029

τns -0.019 -0.020

Neighborhood F.E. Yes Yes Yes Yes
Year F.E. Yes No Yes No
School F.E. Yes No Yes No
School F.E. × Year F.E. No Yes No Yes
The table shows the model-predicted effect of providing school
transportation to/from an option school on enrollment.

C Estimation appendix

Skill type is discretized into ten bins (a) corresponding to the deciles of the baseline skill
distribution, and family income type is discretized into the ten income bins (w) from the
ACS. Let T denote the number of years used in estimation (T = 4), N the number of
neighborhoods (N = 312), A the number of children’s skills bins (A = 10). We estimate
model parameters using A × 2 + 1 + 4 + 1 + 16 + 1 + (N − 1) × 2 + (N − 1) × 2 + 1 +

N + T = 1, 604 moments, which we define formally here. Below, we use a(i), s(i), and
n(i) to denote child i’s skill level, the school they attend, and the neighborhood they live
in, respectively. We use t(i) to denote the cohort i is from (that is, the school year child
i attends kindergarten). ās(i) denotes the average peer quality in the school attended by
child i for the year i attends the school (the subscript t is dropped to simplify notation).
We write #A to denote the number of elements in the set A.
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C.1 Data moments

1. Average peer quality in the school attended by a child with skill type a and ED
status eds, for all a ∈ {a1, . . . , a10} and eds = 0, 1 [A× 2 moments]

1
T

T

∑
t=1

1
#Aa,t,eds

∑
i∈Aa,t,eds

ās(i) where Aa,t,0 = {i | a(i) = a, i is non-ED, and t(i) = t}

and Aa,t,1 = {i | a(i) = a, i is ED, and t(i) = t}

2. Regression coefficient (β1) of changes in house prices on changes in associated school
quality; see Equation (4.1) and Table B-1.

3. Average (over years and neighborhoods) distance to school attended conditional on
transportation being provided, separately for ED and non-ED students [2 moments]

1
T

T

∑
t=1

1
#At,eds

∑
i∈At,eds

τn(i)s(i) where At,0 = {i | i is non-ED, s(i) ∈ Tn(i)t, and t(i) = t}

and At,1 = {i | i is ED, s(i) ∈ Tn(i)t, and t(i) = t}

4. Average (over years and neighborhoods) distance to school attended conditional
on transportation not being provided, separately for ED and non-ED students [2
moments]

1
T

T

∑
t=1

1
#At,eds

∑
i∈At,eds

τn(i)s(i) where At,0 = {i | i is non-ED, s(i) ∈ NT n(i)t, and t(i) = t}

and At,1 = {i | i is ED, s(i) ∈ NT n(i)t, and t(i) = t}

5. Average variance of neighborhood-level attendance share across schools [1 moment]

1
T

T

∑
t=1

1
∑n #An,t

∑
n

varn,t × #An,t
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where

An,t = {i | n(i) = n and t(i) = t}
As,n,t = {i | s(i) = s, n(i) = n and t(i) = t}

Pr(s | n, t) =
#As,n,t

#An,t

and varn,t = ∑
s∈Lnt\Pn


Pr(s | n, t)− ∑

s∈Lnt\Pn

Pr(s | n, t)

2


6. Private-school attendance shares at the PUMA level by ED status [8 × 2 moments]
—obtained directly from the ACS (five-year estimates 2013-17).

7. Share attending private school among applicants to option school who lose the ad-
mission lottery —taken from Dur et al. (2022)

8. Empirical shares of families across neighborhoods [(N − 1) moments]

1
T

T

∑
t=1

#{i | n(i) and t(i) = t}
#{i | t(i) = t} , from the NCERDC

9. Empirical shares of other households across neighborhoods [(N − 1) moments] —
obtained by mapping the census tract-level households counts from the ACS to our
neighborhoods.

10. Average income for families and the rest of/other households in each neighborhood
[N × 2 moments] —constructed as explained in A.2.3

11. Take-up rate from the MTO experiment reported in Galiani et al. (2015)

12. Average (over time) house prices in each neighborhood and average (over neigh-
borhood) house prices in each year [N + T moments]

1
T ∑

t
pricent for each n and

1
N ∑

n
pricent for each t
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C.2 Model moments

Model-generated moments can be written as a function of the model parameters. Recall
from Section 2.3 that:

πn|a,w =
exp(va,w,n)

∑ñ exp(va,w,ñ)
with va,w,n = uw,n + α0n + α1n log(w) + v̄a,w(Ln),

where v̄a,w(Ln) = E{εs}

[
maxs∈Ln{psva,w,s|n + (1− ps)vBPa,w|n}

]
, with vBPa,w|n = max{va,w,Bn|n,

va,w,Pn|n}. The school year subscript t is dropped to simplify exposition. The probability
of applying to school s conditional on neighborhood n and child skills k,

πs|n,a,w = Pr
[
v̂a,w,s|n ≥ v̂a,w,s̃|n ∀s̃ ∈ Ln

]
,

does not have a closed-form solution and is estimated by simulation.
The probability that a family of type (a, w) chooses neighborhood n and applies to school
s ∈ Ln is: πn,s|a,w = πs|n,a,w × πn|a,w If ps is the admission probability to school s condi-
tional on applying, then the probability that a family of type (a, w) chooses neighborhood
n and attends school s ∈ Ln is: πatt

n,s|a,w = πn,s|a,w × ps. Similarly, πatt
s|n,a,w = πs|n,a,w × ps.

Then:

1. Average peer quality in the (public) school attended by a child with skills type a and
ED status eds, for all a ∈ {a1, . . . , a10} and eds = 0, 1 [K× 2 moments]

1
T ∑

t

∑
w

∑
n

∑
s∈Ln,t\Pn

πatt
n,s|a,w × ās

× φ(w | a, eds)


2. Regression coefficient (β1) obtained when estimating Equation (4.1) on model-generated

data

3. Average (over years and neighborhoods) distance to optiom school attended condi-
tional on transportation being provided, separately for ED and non-ED students

1
T ∑

t

{
∑

a
∑
w

(
∑
n

∑
s∈Tn,t

πatt
n,s|a,w × τn,s

)
× φ(a, w | eds)

}
, for eds = 0, 1

4. Average (over years and neighborhoods) distance to option school attended condi-

A-22



tional on transportation not being provided, separately for ED and non-ED students

1
T ∑

t

{
∑

a
∑
w

(
∑
n

∑
s∈NT n,t

πatt
n,s|a,w × τn,s

)
× φ(a, w | eds)

}
, for eds = 0, 1

5. Average standard deviation of neighborhood-level attendance share across public
schools [1 moment]

1
T

T

∑
t=1

∑
n

 ∑
s∈Lnt\Pn


Πs|n,t − ∑

s∈Lnt\Pn

Πs|n,t

2

×Πn,t

where, for each year t, Πn,t = ∑
a,w

πn|a,w × φ(a, w) and Πs|n,t = ∑
a,w

πatt
s|n,a,w × φ(a, w).

6. Private-school attendance shares by ED status at the PUMA level [8 × 2 moments]

7. Share attending private school among applicants to option schools who lose the
admission lottery in 2015 [1 moment]

∑s,n,a,w(1− ps)πs,n|a,wφ(a, w)× I{s ∈ Tn ∪NT n} × π
f allback
Pn,n|a,w

∑s,n,a,w(1− ps)πs,n|a,wφ(a, w)× I{s ∈ Tn ∪NT n}

8. Distribution of families across neighborhoods [(N − 1) moments]

1
T ∑

t
∑
w

∑
s

πn|a,w × φ(a, w) for each n

9. Distribution of other households across neighborhoods [(N − 1) moments]

1
T ∑

t
∑
w

πo
n|w × φo(w), for each n

10. Average neighborhood income for families and the rest of/other households in each
neighborhood [N × 2 moments]

1
T ∑

t

∑w w ∑a πn|a,wφ(a, w)

∑w ∑a πn|a,wφ(a, w)
and

1
T ∑

t

∑k wπo
n|wφo(w)

∑w πo
n|wφo(w)

for each n
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11. Take-up rate for the following policy: families living in neighborhoods with more
than 40 percent of ED households (at baseline) are offered a housing voucher equal
to the 40th percentile of the rent distribution in Wake County, which they can use
if they choose to live in a neighborhood where the share of ED household is below
40 percent (at baseline). The moment we use is the fraction of eligible families who
take up the housing voucher [1 moment]

12. Average (over time) equilibrium house prices in each neighborhood and average
(over neighborhood) equilibrium house prices in each year [N + T moments]

1
T ∑

t
rnt for each n and

1
N ∑

n
rnt for each t

C.3 Additional estimates

Figure C-1 shows the value of neighborhood amenities for families with average income
conditional on being ED (left panel) or non-ED (right panel) implied by our estimated
for α0n and α1n. Consistently with Equation (2.4), the value of neighborhood n amenities
for a family with income w is given by: α0n + α1n log(w). The income levels w used to
produce Figure C-1 are $24, 210 (left panel) and $104, 395 (right panel), which correspond
to the average income in Wake County conditional on the family being ED and non-ED,
respectively.

Figure C-2 shows estimates for the PUMA-level parameter χ for ED and non-ED fam-
ilies. The estimated PUMA-level private school costs χ generally align with average
private-school tuition in each PUMA, which are shown as a reference in Figure C-3.
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Figure C-1: Estimated value of neighborhood amenities for average-income ED and non-
ED families

The map on the left (right) shows the neighborhood amenities valuation (in utils) for the average-income
ED (non-ED) family implied by our estimates for α0,n and α1,n. The value of neighborhood n amenities
for a family with income w is given by: α0n + α1n log(w). The income levels w used to produce the
figure are $24, 210 (left panel) and $104, 395 (right panel), which correspond to the average income in
Wake County conditional on the family being ED and non-ED, respectively.

Figure C-2: Estimated values of χ for ED and non-ED families

The map on the left (right) shows estimated values for the PUMA-level private-school parameters χw,n
for ED (non-ED) families.
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Figure C-3: Average Private Schools Tuition by PUMA

The map shows average private-school tuition by PUMA in Wake County. Average tuition is con-
structed in line with the mapping of neighborhoods to private schools in the model. First we map
each neighborhood to its closest private school, then we take a weighted average, over neighbor-
hoods and within PUMAs, of the closest private school tuition using the share of families in each
neighborhood as weights. Tuition levels were collected from each school’s website for academic
year 2022-23. If tuition information was unavailable for a neighborhood’s closest private school,
the second closest private school was used to produce the figure.

D Counterfactual appendix

D.1 Decomposition

For a given allocation of the economy, we construct the resulting welfare for agent i, Vi,
as follows:

Vi︸︷︷︸
total

= uw,n︸︷︷︸
consumption

+ γa,w[ps log(ās) + (1− ps) log(āOn)]︸ ︷︷ ︸
peers

+

ps (−κs,wτs,n) + (1− ps) (−κOn,wτOn,n)︸ ︷︷ ︸
commute

+

ps (σSεsi) Is/∈Pn + (1− ps) (σSεBni) IOn=Bn︸ ︷︷ ︸
unobs. pref. (public)

+

ps (χw,n + σPεP i) Is∈Pn + (1− ps) (χw,n + σPεP i) IOn=Pn︸ ︷︷ ︸
unobs. pref. (private)

+

α0n + α1n log(w) + σNεni︸ ︷︷ ︸
exog. amenities

(D-1)
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where (a, w) denotes agents’ i exogenous type, and n and s denote the neighborhood
they live in and the school they apply to, respectively. Recall that children that are not
admitted to their option school of choice enroll into their preferred fallback alternative—
either their base and their local private school. Here, On denotes this preferred fallback
school.

To compute the welfare gains of a given policy, we construct the value of agent i in
the equilibrium allocation under that policy and then compute the difference relative to
agent i’s value in the baseline equilibrium: ∆Vi = Vcounter f actual

i −Vbaseline
i . The change in

each component of welfare is defined analogously.

D.2 Utilitarian Welfare and Alternative School Choice Policy Target

Here, we show how to compute the welfare gains of a counterfactual policy using a gen-
eral welfare criterion. We follow Davila and Schaab (2023) and pose a social welfare
function,

W̃ =W(V1, V2, ..., VI),

over the individual value Vi for agents i = 1, 2, .., I. Let λi be agent i’s marginal utility of
income, and φi ≡ ∂W

∂Vi
be the marginal contribution of agent i’s utility to social welfare.

It is convenient to work with the normalized welfare W = W̃/ ∑i φiλi
I so that policies that

raise W by x units are welfare-equivalent to increasing all agents’ income by x dollars. We
also define the relative marginal social value of a change in the allocation of the numeraire
to agent i, ωi ≡ φiλi

∑i φiλi/I . Note that ∑i ωi/I = 1. The normalized welfare impact ∆W of a
given policy can then be approximated by:

∆W ≈∑
i

ωi
∆Vi

λi
= ∑

i

∆Vi

λi︸ ︷︷ ︸
efficiency

+ Cov
(

ωi,
∆Vi

λi

)
︸ ︷︷ ︸

redistribution

(D-2)

where ∆Vi is the change in value for agent i. Equation 5.1 shows how the aggregate wel-
fare gain can be expressed as the sum of all agents’ dollar-equivalent gains, ∆Vi

λi
, weighted

by their relative marginal social value, ωi. Simple algebra allows to further decompose
the aggregate welfare gain into the sum of two terms. The first term quantifies the ef-
ficiency gains of the policy and it is the unweighted sum of all individual changes in
dollar-equivalent welfare. This term is invariant to the choice of a specific social wel-
fare function. The second term, quantifying the redistribution effect of the policy, captures
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Figure D-1: Welfare Effects of School Choice Expansion as a Function of the Target Group

This figure shows the aggregate welfare gains of the school-choice expansion
policy as well as the decomposition of welfare gains into efficiency and redis-
tribution (based on Equation (5.1)) as we vary the target group.

the extent to which the policy disproportionately benefits agents who have higher contri-
butions to aggregate welfare, either because their marginal utility of income λi is higher
or because they have a higher weight in the social welfare function, φi.

In the analysis on Section 5, we adopt a money-metric welfare criterion which corre-
sponds to the case in which φi =

1
λi

. It is easy to see that, under these weights, ωi = 1
and the redistribution term in Equation D-2 is equal to zero. The total change in welfare
then simplifies to the efficiency component, as in Equation 5.1. We adopt the efficiency
component as our benchmark welfare criterion because it captures the relevant objective
of a social planner who has access to other, more direct, tools for redistribution (e.g. a
progressive fiscal policy). As a commonly used alternative, we also compute the gains
implied by a utilitarian social welfare function, that is one in which all individuals are
given the same weight in the social welfare function (φi = 1). The redistribution term will
then be positive if the policy creates higher dollar-equivalent benefits for agents with a
higher marginal utility of income.

Figure D-1 shows utilitarian welfare (black solid line), the money-metric component
(orange long-dashed line) and the redistribution component (green short-dashed line)
for three school choice expansion policies that differ only with respect to the target set of
neighborhoods that gain access to the receiving schools. The rightmost point is our bench-
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mark policy in Section 5.1, that offers additional school choice to neighborhoods with a
share of ED families above 60%. As reported in the main text, the money-metric compo-
nent is negative, corresponding to a loss of more than $400 per family. Since this policy
benefits lower-income families, the redistributive term is positive, but not enough to gen-
erate an overall gain even under a utilitarian welfare function. The two other policies we
consider provide increasing efficiency gains as we target higher-income neighborhoods–
which are also located closer to receiving schools. For those policies, efficiency and redis-
tribution roughly cancel each other out, delivering higher, although overall small, utili-
tarian welfare gains.

D.3 Additional Details on the Cost of the School-Choice Policy

To derive the per-mile cost of school transportation, we use data from the North Carolina
Department of Public Instruction which report that total expenditures for school trans-
portation in the WCPSS amounted to $57,658,097.15 in the 2014-15 school year for a total
mileage of 17,091,229.36 These numbers imply a cost of $3.37 per mile.
For this per-mile cost, we derive the total cost of our counterfactual school-choice expan-
sion policy. At baseline, children in the sample who attend a school providing transporta-
tion commute on average 2.56 miles to their attended school, and the policy increases the
average commuting distance by 21.8 percent. These extra miles are traveled twice a day,
five days a week, 36 weeks per year; they amount to an additional school transportation
cost of 3.37× 0.20× 2.56× 2× 5× 36 =$678.30 per child.

D.4 Exploring Equilibrium Multiplicity

36Source: https://www.ncbussafety.org/documents/2014-15 nc pupiltransportationdata.pdf,
p.11 (expenditures) and p.3 (total miles).
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Figure D-2: Decomposition of Welfare Effects of the School Choice Policy Across Equilib-
ria

(a) Decomposition for all families, and by ED status

All Families ED (33%) Non-ED (67%)
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(b) Decomposition for a partition of ED families

ED Receiv. (22%) ED Compl. (23-24%) All Other ED Fam. (54-55%)
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The figure is analogous to Figure 3 in the main text and, in addition, it shows the range of values taken
by each factor in the welfare decomposition across equilibria. The top chart illustrates the welfare changes
induced by the housing voucher policy for all families (left), ED families (center), and non-ED families
(right). The bottom chart illustrates the welfare changes induced by the housing voucher for a partition
of ED families —those who live in receiving neighborhoods at baseline (or Receivers for short, left), those
who do not live in receiving neighborhoods at baseline but do under the policy (Compliers, center), and
all other ED families (right). For each set of families, the first bar on the left (black) shows the total average
change in welfare resulting from the policy. The second to seventh (colored) bars show the decomposition of
this average welfare change into the changes induced by the policy in the following determinants of family
utility (from left to right): school peers (γā), idiosyncratic preference received from attending a public school
if doing so (σSεs), commuting costs (κτ), net value from attending a private school if doing so (χw,n + σPεPi ),
exogenous neighborhood amenities (α0n + α1n log(w) + σNεni), and value from consumption (uw,n). The
formal decomposition of welfare into its components is shown in Equation D-1.
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Figure D-3: Decomposition of Welfare Effects of the Voucher Policy Across Equilibria

(a) Decomposition for all families, and by ED status

All Families ED (33%) Non-ED (67%)
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(b) Decomposition for a partition of ED families

ED Receivers (22%) ED Compliers (10%) All Other ED Families (68%)
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The figure is analogous to Figure 3 in the main text and, in addition, it shows the range of values taken
by each factor in the welfare decomposition across equilibria. The top chart illustrates the welfare changes
induced by the housing voucher policy for all families (left), ED families (center), and non-ED families
(right). The bottom chart illustrates the welfare changes induced by the housing voucher for a partition
of ED families —those who live in receiving neighborhoods at baseline (or Receivers for short, left), those
who do not live in receiving neighborhoods at baseline but do under the policy (Compliers, center), and
all other ED families (right). For each set of families, the first bar on the left (black) shows the total average
change in welfare resulting from the policy. The second to seventh (colored) bars show the decomposition of
this average welfare change into the changes induced by the policy in the following determinants of family
utility (from left to right): school peers (γā), idiosyncratic preference received from attending a public school
if doing so (σSεs), commuting costs (κτ), net value from attending a private school if doing so (χw,n + σPεPi ),
exogenous neighborhood amenities (α0n + α1n log(w) + σNεni), and value from consumption (uw,n). The
formal decomposition of welfare into its components is shown in Equation D-1.
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